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Figure 2 - Measurement of the distance between the lower pole of the 
kidney and the upper extremity of the testis. A) Male fetus with 22 weeks 

post-conception. The abdominal wall and the intra-peritoneal organs 
were removed, revealing the left kidney (LK) and the left testis (LT). 

B=bladder. B) The same fetus, where the distance between the lower pole 
of the left kidney (LK) and the upper extremity of the left testis (LT) was 

measured with a digital pachymeter (P). (Page 561)
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407

EDITOR’S
COMMENT

The May-June 2016 issue of the International Braz J Urol presents original contri-
butions with a lot of interesting papers in different fields: Urinary Incontinence, Urethral 
Stricture, Bladder Cancer, Pelvic-Ureteric Junction Stenosis, BPH, Prostate Cancer, Renal 
stones, Uroginecology, Pediatric Urology and basic research. The papers come from many 
different countries such as Brazil, USA, Turkey, Italy, Austria, Australia, Israel, Netherlan-
ds, India, Mexico, China, Saudi Arabia, United Kingdon, Korea and France, and as usual 
the editor ́s comment highlights some papers. We decided to comment 2 papers about a 
very usual topic in urologic practice: The Urethral Stricture.

Doctor Prabha and collegues from India performed on page 564 an interesting 
study about the single stage dorsolateral onlay buccal mucosal urethroplasty for long an-
terior urethral strictures. The authors studied 20 patients with urethral strictures: Lichen 
sclerosis in 12 cases (60%), Instrumentation in 5 cases (25%), and unknown in 3 cases 
(15%). Strictures were approached through a perineal skin incision and penis was invagi-
nated into it to access the entire urethra. All the grafts were placed dorsolaterally, preser-
ving the bulbospongiosus muscle, central tendon of perineum and one-sided attachement 
of corpus spongiosum. The mean stricture length was 8.5cm (range 4 to 12cm) and the 
overall success rate was 85%. There were 3 failures (meatal stenosis in 1, proximal stric-
ture in 1 and whole length recurrent stricture in 1). Other complications included wound 
infection, urethrocutaneous fistula, brownish discharge per urethra and scrotal edema. 
The authors concluded that dorsolateral buccal mucosal urethroplasty for long anterior 
urethral strictures using a single perineal incision is simple, safe and easily reproducible 
by urologists with a good outcome.

The success of urethroplasty using bucal mucosa graft (BMG) is significantly bet-
ter compared to others grafts (1). The BMG placement can be ventral, dorsal and lateral, 
but the first 2 are most commonly done (2). Dorsal placement of the graft has the ad-
vantage of using the corporal bodies to provide a secure well-vascularized graft bed that 
helps to prevent the protrusion of the graft with resulting pseudodiverticulum formation 
(3). Ventral location provides the advantages of ease of exposure and good vascular su-
pply by avoiding circumferential rotation of the urethra (4). Early success rates of dorsal 
and ventral onlay with BMG were 96 and 85%, respectively. However, long-term follow-
-up revealed essentially no difference in success rates (5-8). Most recently, in a interestig 
meta-analysis review of the literature on dorsal or ventral graft urethroplasty the success 
rates of ventral onlay urethroplasty (750 cases) and dorsal onlay (513 cases) were 82.5 
and 86.9% (p = 0.034) (9).

	We can conlude that the two techniques (Ventral and Dorsal BMG) had similar su-
cess results in long anterior urethral strictures and the surgeon experience and preference 
with the technique is the most important factor for the sucess of the surgery.

Bucal Mucosa Graft in Long Anterior Urethral 
Stenosis – Dorsal or Ventral?

Volume 42 | number 3 | May . June, 2016  |   INT BRAZ J UROL
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EDITORIAL
In this issue

In general Urology, forty per cent of ambulatory consultations are intended to 
prostate care, as well as consultation in geriatrics and clinical medicine. It is observed 
statistically that one in every six men over 50 years will present prostate cancer (PCa) 
throughout live (1). It is the second most prevalent cancer in men, following skin can-
cer, with an estimate of 61,200 new cases in 2016, according to INCA (National Cancer 
Institute of Brazil). 

	Recent scientific knowledge and incorporation of new technologies lead to hi-
gher interaction with molecular epidemiology and cancer genetics. They explain why 
some patients will present slower progression of the disease, allowing for active sur-
veillance, and also the use of newer and lesser aggressive treatments with higher survi-
val with good quality of life. Epigenetic and genetic alterations provide a mosaic of tu-
mor clones that determine respectively heterogeneous histologically phenotypic tumors, 
with corresponding indolent clinical symptoms or a more aggressive progression (2). 

Currently, renal tumors are efficiently treated due to precision and richer details 
provided by modern image technologies. We are able to detect in daily practice the 
aggressiveness of the lesion according to dimension, morphology, tissue density, perfusion 
and anatomic relations, allowing the choice of the most adequate treatment. Actually, 
current image exams reflect more accurately the tumor microenvironment.  In the same 
way, evaluation of prostate gland by multiparametric magnetic resonance provides 
data related to morphology, perfusion, diffusion and spectroscopy, that matches more 
adequately tumor histology and neoplastic alterations of PCa. After 2010, based on the 
BIS-RADS model system, Breast Imaging and Reporting Archiving Data System, many 
studies have been proposed to study the prostate gland. PI-RADS, Prostate Imaging and 
Reporting Archiving Data System, was proposed to determine image patterns obtained 
by MRI of PCa, in order to distinguish between “insignificant lesions” and clinical 
significant lesions, and to determine where to perform biopsy (prostate targets). In 2012 
European Urology magazine proposed a guideline using PI-RADS system with five grades 
of suspicion of prostate cancer. In the first two grades, it is unlikely the presence of 
clinical significant disease and biopsy is not recommended; grade three is undetermined 
and the last two grades present respectively increased rate of predictive value/positivity 
of prostate cancer, determining the need of prostate biopsy (3). This method of prostate 
evaluation presents an intrinsic correlation of histopathological findings according to 
Gleason system and morphological and functional images classified according to PI-
RADS system, related to the molecular content of tumor cells. This classification allows 
for therapeutic variations, from active surveillance to minimally invasive focal ablations 
or radical surgeries and expanded lymphadenectomy. The better understanding of cellular 
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signal alterations of prostate cancer resulted in the development of new treatments, 
such as the new generation of anti-androgens.

	In a similar way, Gleason system has been modified over the years since its first 
publication. It is a morphological and analogical system fundamental to diagnostic, 
prognostic and treatment of prostate cancer. In November 2014 a new recommendation 
of International Society of Urological Pathology (ISUP), proposed the grouping of scores 
in five categories (4), based on the recognition that previous score valued some benign 
lesions (Table-1).

EDITORIAL
In this issue

Table 1 - New recommendation of International Society of Urological Pathology (ISUP) (4).

Grade I Score 3 + 3

Grade II Score 3 + 4

Grade III Score 4 + 3

Grade IV Score 8 (3 + 5, 5 + 3  and 4 + 4)

Grade V Score 9 and 10 (4 + 5, 5 + 4 and 5 + 5)

	This valuable system of morphological classification of prostate tissue since the 
beginning showed the heterogeneity of tumor histological findings present in the same 
gland with obvious different biological behavior and distinct evolution according to 
focus, making treatment approach complex.  These variations of PCa histology are being 
scientifically endorsed, correlating each grade of Gleason scale with a respective profile 
of genic expressions, related to a specific assortment of carcinogenic cell signals, that 
will act as tumor progression markers. Welsh et al work described 20 genes with different 
expressions correlated to three grades of Gleason score. Insulin-binding proteins (IGFRP 
2 and 5) were expressed in higher grade tumors (5).

Current urological practice is guided by a clinical rationale based on molecular 
biology of PCa, and urologists, pathologists and oncologists apply laboratory research 
data and clinical daily practice evidences in clinical treatments.

In the current treatment of our patients, it is mandatory to understand prolife-
ration and cellular differentiation according to epigenetics, cellular cycle regulations 
and possible alterations of signalization among androgens, co-activators and androgen 
receptors.

	Many years have passed in order to aware global male population about the im-
portance of early diagnosis of prostate cancer, with unquestionable positive results. But 
current prostate cancer screening methods are controversial and maybe the explanation 
of these troublesome epidemiological polemics is based on the PCa heterogeneity in-
cluding molecular aspects and familiar history; the understanding of those aspects may 
help us redirect PCa screening. 

	For many years, it has been shown that first degree relatives with PCa and re-
latives with breast cancer with less than 36 years old increase four-fold the chance of 
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PCa. Five to 10% of all cancer are hereditary transmitted by mutations that occurred in germ 
cells, being defined as constitutional tumors. Hereditary cancer usually presents more clinical 
and aggressive evolution. It is mandatory to have in mind that individuals are born frequen-
tly with loss of one of two tumor genic suppressor activity alleles. Consequently, timing of 
phenotypically expression of tumor is shortened when the remaining “health’ allele loses 
its function. This is the concept that explain predisposing syndromes of cancer, and typical 
examples of hereditary cancer are breast and colon tumors.  Although it is not described a 
specific characterization of hereditary prostate cancer, others syndromes of hereditary tumors 
that include PCa are known (6). Also, PCa presents a great number of studied polymorphisms 
that explains the genesis of PCa (common genetic alteration of general population that may 
predispose to tumor (6, 7)) (Table-2).

Table 2 - Genes more involved in PCa (6, 7).

Gene Gene Gene

DAB2IP HERC2 LEPR

IL4 RNASEL CRY

ARCF	 HOXB13 OGGI

HPC1 HPC2 MSR1

PON1 MIC1 BRCA1 / BRCA2

	It is recommended during anamnesis to construct a heredogram in men over 40 years old 
with at least three generations by which it is possible to choose individual preventive measures 
mainly for hereditary syndrome of breast and ovary cancer (HBOC) whose sites are closely related 
to PCa. Hereditary tumors usually present some of the following characteristics (8):

1. Increase number of cases in a particular population
2. Multiple cases in the same family, involving many generations
3. Bilateral tumors, or more than one primary tumor in the same individual, synchro-
nous or metachronous 
4. Rare histological type of tumors
5. Cases in younger age than in general population
 

Currently, we observe the duel between professional performance and surgical techni-
que of robotic laparoscopic radical prostatectomy compiling results and complications, and 
each urologist is invited to analyze his personal limits and personal skills. Also, the urologists 
are presented with several forms of treatment, from resection of advanced tumors to simple 
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clinical observation and the use of new drugs that interact with molecular signs, such 
as abiraterone and enzalutamide and he must adequately understand molecularly the 
phenomena and their clinical consequences. 

In conclusion, it is important to recognize and understand that molecules de-
termine distinct biological behaviors and when we are able to identify and assimilate 
different molecular profiles we will be capable to practice a precision medicine, with 
adequate treatment of our patients, from simple surveillance to robotic surgery.
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Most men with prostate cancer will not die from it. Although the most frequent 
cancer in men in the western world it ranks only 3rd place for cause of death (1). In men 
over 60 years of age prostate cancer is found at autopsy in over 60% (2). Overdiagnosis 
by PSA screening is estimated to be 57% when screened until 75 years of age (3). Con-
sidering treatment toxicity, careful selection of men for treatment is essential. A shift 
towards more conservative management is apparent in larger registries (4, 5).

In large cohorts of men with biopsy Gleason 6 cancer adverse pathology at pros-
tatectomy is observed in over one-third of men (6, 7) suggesting undersampling of Glea-
son 7 cancer that is often present in men with Gleason 6 prostate cancer on biopsy. Even 
in men with very low risk at biopsy (T1c, PSAD<0.15, GS<7, <3 positive cores containing 
less than 50% cancer), one in 10 will have significant disease at prostatectomy (8).

Reese et al. (9) found the presence of Gleason 7 at biopsy a strong predictor of 
adverse pathology at prostatectomy. Based on a large prostatectomy series Ploussard 
et al. (10) concluded that although 46% of men with biopsy Gleason 7 prostate cancer 
had poor prognostic characteristics at prostatectomy such as upgrading or upstaging at 
final pathology a subgroup of men with PSA<10ng/ml, PSAD <0.15 cT1c and less than 
3 positive cores this risk was only 19% suggesting that in selected men with intermedi-
ate risk cancer with otherwise favorable characteristics conservative management can 
be considered.

Gleason score 7 on biopsy, therefore, does not exert a poorer outcome perse and 
smaller lesions with this Gleason score may have similar outcome when compared to 
Gleason 6 prostate cancer on biopsy. The amount of high grade (5) cancer in both biopsy 
and prostatectomy was found predictive of outcome, rather than Gleason score (11).

These observations show that Gleason 7 on biopsy not necessarily indicates poorer 
prognosis than Gleason 6 in men with limited Gleason grade 4 disease. Large randomized 
studies were unable to show a survival benefit of local treatment versus observation 
in men with Gleason 6 prostate cancer in whom active surveillance is frequently (12). 
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Moreover, in the Pivot trial no difference in survival 
between active surveillance and prostatectomy was 
observed for men with intermediate risk prostate 
cancer. Considering the prognostic overlap between 
Gleason 6 and 7 prostate cancer on biopsy, men 
with Gleason 7 prostate cancer could be considered 
for active surveillance.

The feasibility of active surveillance for 
intermediate prostate cancer is confirmed by data 
from Sweden that showed that for men with de-
layed prostatectomy (median 19m after diagnosis) 
outcome was similar to early treatment in men 
with low and intermediate risk prostate cancer 
(13). Cancer specific survival was 0.7% of men in 
the primary radical prostatectomy group and 0.9% 
in men with deferred radical prostatectomy at 8 
years follow-up. In a similar report from this reg-
istry Stattin et al. report on 93 men with Gleason 7 
cancer and active surveillance and 881 with early 
local therapy consisting of prostatectomy (n=601) 
or radiotherapy (n=280) (14). Compared to low risk 
patients, mortality of prostate cancer was twice 
as high in the intermediate risk group (5.2% ver-
sus 2.4%) in active surveillance patients. But 
the relative risk reduction in the prostatectomy 
group was less in intermediate risk cancers com-
pared to that of the low risk population (adjusted 
relative risk in low risk 0.29, intermediate risk 
0.53). This observational data suggests that in-
termediate risk patients were not more likely to 
be cured by local treatment than low risk pa-
tients when compared to active surveillance al-
though the absolute risk of disease specific death 
in intermediate risk patients is higher.

Several studies on active surveillance did 
include men with Gleason 7 or intermediate pros-
tate cancer (15). Cooperberg et al. (15) studied out-
come in 90 men with intermediate risk prostate 
cancer and active surveillance. Biopsy Gleason 7 
was present in 29 men. Although no difference 
in survival for low and intermediate risk cancers 
was found, this study did not report on Gleason 7 
intermediate risk cancers separately.

Van den Bergh et al. (16) reported on 50 
men with Gleason 7 (6 had Gleason 4+3) prostate 
cancer managed with active surveillance. Median 
follow-up was 3.4y. All men with Gleason 4+3 re-
ceived active treatment compared to 34% of men 
with Gleason 3+4 suggesting that active treatment 
rate of Gleason 3+4 is similar to larger low risk 
active surveillance populations (17).

Longer follow-up is available from the 
study by Klotz et al. (18, 19). In the initial report, 
in 72 of 416 men Gleason 3+4 was found at initial 
biopsy. At a median follow-up of 6.8 years Glea-
son 3+4 at initial biopsy was a predictor of active 
treatment, whereas PSA>10ng/ml was not (18). In 
a recent update from the same institute, Klotz et 
al. (19) report 993 men on active surveillance with 
a median follow-up of 6.4 years, shorter than the 
initial report, but 260 patients within the popu-
lation had follow-up longer than 10 years. Men 
over 70 years or a life expectancy less than 10 
years and Gleason 3+4 on biopsy and PSA<15ng/
ml were allowed to enter. Overall 1.5% died of 
prostate cancer and 2.8% developed metastases. 
In the entire population 13% was initially diag-
nosed with Gleason 7 cancer on biopsy whereas 
in the men that developed metastases this was 
44%. Men with Gleason 7 were 72% more likely 
to receive active treatment during follow-up, but 
in the multivariate analysis only Gleason score at 
one-year rebiopsy and baseline PSA were predic-
tive of active treatment. An important note is the 
acknowledged limitation of the study that regrad-
ing according to current ISUP standards of early 
cases was not performed, nor were MRI targeted 
biopsies available at the initial years of inclusion. 
Both factors suggest that an underestimation of 
actual Gleason 7 cancer has occurred in men with 
longer follow-up. Still disease specific survival at 
15 years was only 6%, lower than the reported 
7% in a large prostatectomy series from the PSA 
era (20). Patients were 9.2 times more likely to die 
of other reasons than prostate cancer. It should 
be noted that patients with an initial Gleason 3+4 
were by inclusion criteria more likely to die of 
non-prostate cancer reasons than low risk men in 
the study. Additionally, outcome after active local 
treatment in men with Gleason 6 and Gleason 7 
disease treated during follow-up was not different.

Current diagnosis of prostate cancer is 
often accompanied by MRI imaging (21). Multi-
parameter MRI (mpMRI) is recommended before 
starting on active surveillance by the EAU 2016 
guidelines for prostate cancer. A recent system-
atic review (22) revealed that a positive MRI was 
twice more likely to indicate upgrading on repeat 
biopsy or prostatectomy. In one-third of men an 
unrecognised significant lesion may be identified 
on MRI (23), reclassification is found in 14-20% of 
men where this lesion is biopsied (23, 24). In men 
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eligible for active surveillance the mpMRI-based 
PIRADS score improved staging and prediction of 
upgrading at prostatectomy with a sensitivity of 
99% for upgrading and an odds ratio 2.72 in the 
multivariate prediction. mpMRI with targeted bi-
opsies was shown to increase the detection rate of 
Gleason 7 cancers while reducing detection of low 
grade cancers versus repeat random biopsy (25, 
26). Due to its low specificity recent smaller series 
suggest that mpMRI may not replace systematic 
biopsies in the workup of active surveillance pa-
tients (27-29) but may be useful in the follow-up of 
these men where mpMRI improved the prediction 
of Gleason progression (30). ADC below median of 
the population predicted at least a 2-fold higher 
risk of Gleason progression during follow-up in 
a population of 86 men with a median follow-up 
of 9.4 year (31). Whether mpMRI may replace sys-
tematic follow-up biopsies is still unclear since in 
a multivariate analysis mpMRI did not add diag-
nostic value of high grade cancer to PSA density 
and biopsy tumor length (32). In the ASIST (Active 
Surveillance Magnetic Resonance Imaging Study) 
trial the value of MRI guided confirmatory biopsy 
in men on surveillance is being studied by the On-
tario Institute for Cancer Research and Canadian 
Urology Research Consortium and data are to be 
awaited. The use of targeted biopsies will results in 
the detection of smaller Gleason 3+4 prostate can-
cers what will make active surveillance in these 
men more likely.

With respect to including men with Glea-
son 7 on biopsy and intermediate risk cancer in 
active surveillance management the following 
statements should be considered:

A) As for GS 6 prostate cancer, no lev-
el-1 evidence supports the use of AS for 
management of GS7/intermediate risk 
cancers, although randomized studies did 
not find an advantage of treatment of 
these cancers.
B) In larger series progression to active 
treatment was found to be twice as high 
for GS 3+4 compared to biopsy GS 6 
cancers.
C) Disease upstaging and –grading after 
active treatment during active surveillance 
is not more frequent in GS7 compared to 
GS6 cancers.
D) In initial series with longer follow-up 
tumors may have been undergraded more 

frequently due to changing Gleason grad-
ing criteria (ISUP) and improved detection 
by MRI. This may have resulted in includ-
ing a considerable number of men for ac-
tive surveillance with actual Gleason 7 dis-
ease in older series.
E) MRI imaging may reveal small Gleason 
7 lesions, but with a high certainty of cor-
rect risk classification, these may still be 
amenable to active surveillance.
F) Selection for active surveillance should 
ideally comprise multi-factorial risk estima-
tion, taking into account all tumor and imag-
ing characteristics. With other criteria partic-
ularly favorable, Gleason 3+4 or PSA 10-20 
may be accepted for active surveillance.
Recommendations from the Canadian Uro-

logical Association contain a statement on AS in 
Gleason 7 disease: “For select patients with low-
volume GS 3+4=7 localized prostate cancer, AS 
can be considered. Survival in men with interme-
diate risk prostate cancer on active surveillance 
is high” (33). Although these recommendations 
are not echoed in the EAU guidelines, the NCCN 
guidelines now also contain the following phrase: 
“Patients with favorable intermediate-risk pros-
tate cancer (predominant Gleason grade 3 [i.e., 
Gleason score 3+4=7], and percentage of positive 
biopsy cores<50 percent, and no more than one 
NCCN intermediate risk factor) may be considered 
for active surveillance” (NCCN website jan. 2016)

Clearly, AS is an option for men with small 
Gleason 3+4 (but not 4+3). Close follow-up, pref-
erably including mpMRI, is to be considered and 
men should be informed on the fact that longer 
term (>10 year) follow-up data are limited.
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INTRODUCTION

Active surveillance (AS) is a management strategy for early-stage prostate cancer 
(PCa) designed to balance early detection of aggressive disease and overtreatment of in-
dolent disease (1). It is advocated as the treatment of choice for favourable-risk disease in 
several national guidelines (National Comprehensive Cancer Network, National Institute 
for Health and Clinical Excellence) (2). Despite it’s significant role in low risk PCa, AS is 
not established as a standard of care for intermediate risk disease. A contemporary reg-
istry-based population study in Australia ascertained the treatment trends and patterns 
of care of 980 men with PCa on AS. It reported that 251 men (8.9%, Median 70.4) with 
intermediate risk were placed in AS, of whom 53.8% had Gleason score (GS) 3+4 PCa and 
10.4% with 4+3 disease (3). The most recent update of the CaPSURE database, a longitu-
dinal, observational study of approximately 15.000 men with all stages of biopsy-proven 
prostate cancer, also reflected this trend in AS, but questions remain about the safety of 
this practice and its role in intermediate risk disease.

Literature and Evidence
Active surveillance consists of close observation via a regimen of periodic PSA 

measurements, digital rectal examinations and serial prostate biopsies, with the goal of 
offering curative therapy in the event of disease progression or reclassification (4). De-
spite long-term data having confirmed the safety and efficacy of AS for low-risk cancers 
with 10 and 15-year actuarial cause-specific survival rates of 98.1 and 94.3%, respec-
tively (5), the evidence does not extend to completely support its use in intermediate-risk 
disease. A retrospective analysis of 2.323 patients with localized GS 3+4 prostate cancer 
who underwent a radical prostatectomy between 2005 and 2013 from 6 academic centres 
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found that 46% of patients with biopsy GS 3+4 
cancer have unfavourable disease at final pathol-
ogy (6). When applying the University of Toronto, 
Royal Marsden Hospital and Prostate Cancer Re-
search International Active Surveillance (PRIAS) 
criteria (7) to the above cohort, 78, 59 and 20% 
of men were eligible for AS, respectively, and the 
risks of unfavourable disease were decreased to 
only 42.4, 41.0 and 30.5%, respectively (8). The 
Cancer Council Ontario (CCO) currently recom-
mends active treatment (surgery or radiotherapy) 
for patients with intermediate-risk localized pros-
tate cancer (9).

A number of studies also support the role 
of surgery in men in this intermediate risk group. 
The PIVOT study found men with intermediate-
risk tumours who underwent radical prostatec-
tomy (PSA 10.1 to 20.0ng/ml, GS 7, or a stage 
T2b tumour) had a 31% relative reduction in all-
cause mortality, as compared with those assigned 
to observation (HR 0.69; 95% CI, 0.49 to 0.98; 
ARR 12.6%) (10). PCa mortality in this group was 
not significant despite a similar trend. This was 
compared with the Scandinavian Prostate Cancer 
Group 4 (SPCG-4) trial of radical prostatectomy 
versus watchful waiting in men with prostate can-
cer, which showed the benefit of surgery in rela-
tion to death from PCa was largest in those with 
intermediate-risk prostate cancer (relative risk, 
0.38) (11). There was a significant absolute reduc-
tion in men with intermediate risk disease in over-
all mortality, rate of death from PCa, and in the 
risk of metastases (11%).

Klotz et al. performed a large cohort Cana-
dian study with 993 patients and up to 16 years of 
follow-up, with 25% of the patients fulfilling the 
D’Amico criteria for intermediate risk (5). There 
were 15 deaths (2.8%) due to PCa in total, all of 
whom had confirmed metastases before death. 12 
(44%) of the 28 patients with metastases had a 
Gleason score of 3+4 at diagnosis; with a median 
time to metastasis was 7.3 years (95% CI, 5.81 to 
8.76 years). Only 2 of the 28 patients who devel-
oped metastasis were not upgraded to GS 7 before 
developing metastatic disease, neither of whom 
had surgical grading. Klotz et al. therefore sug-
gested that in a screened population, only selected 
men older than age 70 years with intermediate-risk 
PCa are candidates for surveillance (the 15-year 
PCa mortality is low). This was consistent with 

Cooperberg et al. who followed 640 men on AS 
at University of California, San Francisco (UCSF). 
Among 74 men on AS electing to undergo RP, 
16 had intermediate risk disease, with 50% of 
these patients having pT3 disease (P=09). AS was 
therefore recommended only for low volume GS 
3+4 patients, particularly those with comorbid 
conditions and appropriate counselling prior to 
AS. The American Society of Clinical Oncology 
(ASCO) has recently reinforced the CCO guide-
lines and also recommended AS for only select 
patients with low-volume, intermediate-risk pa-
tients, with factors such as younger age, prostate 
cancer volume, patient preference, and ethnicity 
taken into account when making a management 
decisions (12).

DISCUSSION

Although the lifetime risk of receiving a 
diagnosis of prostate cancer is about 17%, the 
risk of dying from the disease is approximately 
3%, suggesting that conservative management 
may be appropriate for select men (13). Thus, 
the way forward for AS must be lighted by im-
proved tools for risk stratification at diagnosis 
and for early identification of progressive disease 
(14). A recent systematic review of novel tools 
for improving patient selection and monitoring 
low-risk prostate cancer by AS found that mag-
netic resonance imaging (MRI) has a high speci-
ficity for low-risk prostate cancer and new serum 
markers are associated with unfavourable disease 
(15). The potential of multi-parametric MRI lies 
in its high negative predictive value (80-90%) 
for the intermediate endpoint of disease upgrad-
ing, which may make it useful as an AS endpoint 
predictor (16). It is also beneficial in identifying 
anterior and higher volume tumours, as well as 
aiding in disease reclassification. A significant 
proportion of low risk patients do harbour more 
aggressive disease, and MRI can provide better 
risk stratification in both low and intermediate 
risk patients. This observation is demonstrated 
by several series of patients meeting AS criteria 
who underwent radical prostatectomy, revealing 
Gleason score upgrading in 23%-56% (17). Klotz 
et al. observed that 16% of patients had histological 
progression (2). Such observations encourage the 
need for future research of both MRI and molecu-
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lar biomarkers such as PCA3 or PSA isoforms in 
these patients.

When managed with non-curative intent, 
intermediate-risk PCa is associated with 10-year 
and 15-year prostate-cancer-specific mortality 
rates of 13 and 19.6% (18). Thus, men with this 
disease are at risk of developing incurable disease 
in the future as they may miss the window of cur-
ability when opting for AS (8). Thomsen et al. es-
timated average 5-year and 10-year probabilities 
of discontinuing AS at 33% (14%–41%) and 55% 
(40%–59%) respectively, with a majority under-
going delayed curative treatment (RP or RT) (19). 
Thus, AS can only be warranted in select inter-
mediate risk PCa patients, with consideration for 
individual tumour metrics, patient age and over-
all health, as well as patient preferences and the 
potential side effects of curative treatments. For 
those young patients (<65) with longer quality-
adjusted life expectancy in this group, surgery 
should still be considered the definitive approach.

CONCLUSIONS

At least 50%-60% of individuals diag-
nosed with PCa ultimately die of other causes, 
and as a result, AS has become a chosen manage-
ment option for low risk PCa patients (20). The 
latest literature however, demonstrates surgery as 
the mainstay of treatment in intermediate risk pa-
tients, with the role of AS limited to select men in 
this group. The use of MRI and prostate serum and 
genetic markers are still being evaluated, and until 
that time, it is recommended that definitive inter-
vention remain the optimal choice of management 
in this group of patients.
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Benign prostatic hyperplasia and prostate cancer are two common urological diseases 
of the elderly. Scientific community has always looked for a link that could explain 
the correlation between the two diseases and the role of chronic inflammation in the 
pathogenesis of BPH and PCa. As shown by the reports of the two diseases rela-
tionship with oxidative stress and metabolic syndrome, the use of compounds with 
antioxidant action could therefore affect both the symptoms and their onset. Polyphe-
nols appear to act not only against oxidative stress but also at different levels. The 
aim of this review is to evaluate the role of the most important polyphenols on these 
two urological diseases. As antioxidants these compounds seems to have a direct ac-
tion on the cell cycle and hormone function, important for both prostate cancer and 
BPH. Despite a large number of articles about the relationship of the polyphenols 
with prostate cancer, very little evidence exists for BPH. Additional clinical trials or 
meta-analysis are necessary on this topic.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is one 
of the most frequent causes of Lower Urinary 
Tract Symptoms (LUTS) in men and about 50% 
of men between 50 and 60 years suffer from this 
disease (1). Even today, the exact molecular mech-
anisms underlying the development and progres-
sion of LUTS/BPH have not been fully understood. 
Certainly, recent studies have shown that chronic 
inflammation represents a crucial component in 
the pathogenesis of BPH, probably determining 
hyperplasia of prostate cells. Inflammatory cells 
in fact, produce growth factors such as vascu-

lar endothelial growth factors (VEGF) or tumor 
growth factor-β (TGF-β), which can support the 
fibromuscular growth in BPH (2-4). The etiology 
of BPH is still far from being fully understood 
but multiple partially overlapping and comple-
mentary theories have been proposed (5). Very 
recently, epidemiologic and clinical studies have 
provided emerging evidences of a possible role of 
metabolic syndrome (MetS) and its components 
in benign prostatic hyperplasia (BPH) and related 
lower urinary tract symptoms (LUTS) (6, 7). MetS 
can broadly be considered a systemic inflamma-
tory state and a chronic inflammation driven tis-
sue remodeling, including BPH pathogenesis (8). A 
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recent review summarized a direct and significant 
relationship between some components of MetS 
(obesity, high dyslipidemia, insulin resistance, and 
hypertension) and the BPH-LUTS complex. Fur-
thermore, recent evidences suggested that severity 
of BPH-LUTS is strictly associated with increase 
in the number of components of MetS (9). The 
influence of dietary fat on BPH has been linked 
to specific fatty acids (FAs). In vivo studies have 
indicated that low-fat diets high in omega-3 poly-
unsaturated FAs reduce the development of pros-
tatic disease. The omega-3 polyunsaturated FA 
serum composition was significantly decreased in 
patients with BPH (10). MetS is often characterized 
by oxidative stress that is involved in the patho-
genesis of a variety of human diseases including 
atherosclerosis, diabetes, hypertension, aging, 
and cancer. The level of oxidative stress increases 
during aging and it could be related to prostatic 
diseases (11, 12). There are some evidences that 
prostatic inflammation could be a key component 
in BPH and BPH progression.

The level of oxidative stress increases dur-
ing aging and could be either because of an in-
creased production of reactive oxygen species or 
a reduced ability to scavenge them. High glucose 
concentrations increase oxidative stress, in part 
by down regulating catalase and mitochondrial 
superoxide expression, leading to a higher risk of 
insulin resistance (13). Recent studies suggest that 
oxidative stress and hyperinsulinemia, second-
ary to insulin resistance, are risk factors for cell 
proliferation and cell remodeling present in BPH. 
Insulin resistance can also lead to dyslipidemia 
characterized by high triglyceride and low high-
density lipoprotein cholesterol (HDL-C) levels. 
Abdominal obesity is commonly associated with 
the development of vascular diseases, insulin re-
sistance, and associated complications. Excessive 
visceral and subcutaneous fat increase oxidative 
stress and simultaneously decrease the expression 
and activity of key cytoprotective enzymes, in-
cluding the heme oxygenase (HO) system (14). We 
have evaluated the activity of Heme oxygenases 
system in patients affected by BPH and found that 
low HDL-C and high triglyceride levels signifi-
cantly affected HO-1 and HO-2 prostatic levels, 
with consequent increase of oxidative stress and 

remodeling of prostate tissue (7). Obesity-mediat-
ed adipocyte dysfunction may impact the function 
of other organs, including the prostate.

A major clinical study on BPH (Reduce 
study) recently demonstrated the link between his-
tological prostatic inflammation and prostate en-
largement or symptoms scores (15). Numerous ma-
jor key players in chronic inflammation have been 
studied in BPH: varieties of growth factors and cy-
tokines have been shown to be involved both in the 
inflammatory process and in the epithelial/stromal 
prostatic cells interactions (16). These mediators 
are released in the prostatic gland by inflammatory 
cells that can be found on most of the surgery-de-
rived BPH specimens (17). The inflammatory cells 
may trigger a sophisticated and well-orchestrated 
inflammatory cascade, resulting in excessive oxi-
dative stress, activation of the transcription fac-
tor nuclear factor-kappa B (NF-κB), production of 
several cytokines and overexpression of inducible-
cyclooxygenase (COX-2), inducible-nitric-oxide-
synthase (iNOS) and 5-lipoxygenase (5-LOX), 
leading, in turn, to the release of prostaglandins, 
nitrates, and leukotrienes. Furthermore, inflamma-
tory cells produce growth factors, such as vascular 
endothelial growth factor (VEGF) and transform-
ing growth factor-β (TGF-β), which may support 
fibromuscular growth in BPH (18).

Also for prostate cancer is described in 
literature the possibility that the pathogenesis of 
the disorder is linked to chronic inflammation: as 
disclosed by De Nunzio et al. the presence of oxi-
dative stress associated to chronic inflammation 
in the cellular environment causes an increase of 
pro-inflammatory cytokines and growth factors, 
which determine an increase of the speed of cell 
replication, and therefore the possibility of incur-
ring mutations (19). Furthermore according to the 
authors, the presence of PIA (proliferative inflam-
matory atrophy) precursor HGPIN and prostate 
cancer charged to the prostatic parenchyma, in-
volves the presence of abnormal values of GSTP1 
(gene coding for glutathione S-transferase), 
GSTA1 (gene coding for glutathione S-transferase 
A1) and COX-2 (enzyme determining the conver-
sion of arachidonic acid (AA) in the prostaglan-
din endoperoxide H2 precursor of PGD2, PGE2, 
PGF2α, PGI2 and thromboxane A2).
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Therefore, if a correlation between prostate 
diseases and oxidative stress or chronic inflamma-
tion could hypothesized, the use of components 
with exhibit antioxidant action could determine 
not only an improvement of prostatic symptoms 
but also counteract pathogenesis.

The aim of this review is to understand the 
role of polyphenols in prostatic diseases and their 
preventive role in preventive strategies.

MATERIALS AND METHODS

This analysis was conducted according 
to the Preferred Reporting Items for Systematic 
Reviews and Meta-analysis guidelines (20). An 
electronic search of the Medline and Embase was 
undertaken until September 2014. The search was 
limited to English-Language articles. The search 
terms included prostate, benign prostatic hyper-
plasia, benign prostatic enlargement, metabolic 

syndrome, prostate volume, insulin resistance, 
obesity, hypertension, triglycerides, cholesterol, 
lower urinary tract symptoms, polyphenols, oxi-
dative stress, anti-oxidant, prevention. Citation 
lists of retrieved articles were screened manually 
to ensure sensitivity of the search strategy. Refe-
rences of the included papers were hand searched 
to identify other potential relevant studies.

Studies were reviewed by two independent 
reviewers (G.I.R. and G.R.); differences in opinion 
were discussed in consultation with the last author 
(G.M.). Figure-1 shows the flowchart of included 
studies. Table-1 lists the characteristics of inclu-
ded studies.

POLYPHENOLS AND PROSTATE CANCER

From a careful analysis of the literature 
there are several studies that evaluated the use of 
polyphenols in the treatment of prostate cancer 

Figure 1 - Flow Diagram of included studies.
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Table 1 - Characteristics of selected study.

Polyphenols and prostate cancer

Compound Type of 
study

Cell culture system 
or animal studies

Concentration used Mechanisms of action

Epigallocatechin-
3-gallate (23, 24, 
28,30,31,32,34,36)

In humans 
(23, 24, 

29,30,36)

In vivo 
(32,34)

In vitro 
(28,33)

LNCaP (28,33)
PC-3, and 

CWR22Rnu1 (28)

LAPC-4 (33)

TRAMP (32,34)

EGCG (10-40 micromol/L) (28)

0.06% EGCG in tap water (32)

Solution of 0.1% green tea 
polyphenols EGCG (62%) (34)

Green tea extract capsules ,250 
mg twice daily (36)

Action on transcription factor Nf-
kB inducing oxidative stress and 
downregolation of p53 (23, 24, 

28, 29, 30)

-antagonize the activity of IGF-
1 and induce an receptorial 

antagonism for IGF-1 receptor 
(32,34)

-inactivator of COX-2 (24, 31)

Curcumin In vitro 
(40,42,43)

LNCaP (40,42)

PC-3 (42,43)

2-4 mg/L (about 5-10μM) (40)
15 µM (43)

Increased the ratio of Bax to Bcl-2 
proteins, decreased the activation 

of NFκB, PI3K/Akt and Stat3 
pathways and cell migration (40)

Down-regulation of 
transactivation and expression 
of AR, AP-1, NF-kB, and CREB-

binding protein (CBP) (42)

Inhibition of the IκB-kinase 
,reduction in  expression of 

CXCL1 and -2 ,downregulation 
of several important metastasis-

promoting factors like COX2, 
SPARC and EFEMP (43)

Resveratrol In vitro 
(45,46)

LNCaP (45,46,47)

PC3 (45,46 ) and 
DU145 (45,46,47)

2–40 μM (46);
1 µmol/L (47)

Production of NO (45)

Formation of free radicals (46)

p53 activation and apoptosis (47)

Polyphenols and BPH

Compound Type of 
study

N° patients Concentration used Outcome

Isoflavones (53)

Isoflavones and 
lignans (55)

In humans 
(53,55)

176 patients with 
BPH (53)

25 patients (55)

40 mg of isoflavones 
(53)

Superiority of isoflavones over placebo over 
12 months[53]

Isoflavones, but not lignans, have some 
influence the benign prostatic growth (55)
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both in terms of primary prevention and secondary 
prevention of cancer. Polyphenols occur naturally 
in different foods, and today there are more than 
8000 divided into different subclasses, of which 
the most represented are flavonoids stilbenes phe-
nolic acids, and lignans (21). The importance of 
the polyphenols as anti-cancer substances shall 
be represented by fact that they possess properties 
that act at different levels (molecular and cellular), 
as described in several papers (21-24).

Among these compounds, as previously 
described, one of the most investigated is undou-
btedly the green tea, the second most widely con-
sumed beverage in the World after water (25). The 
tea plant (Camellia sinensis) has been cultivated 
in Asia for thousands of years and used for centu-
ries in China, Japan, and Thailand as a traditional 
medicine with a variety of applications (26). Many 
beverages are rich of-epigallocatechin (EGC),-epi-
catechin-3-gallate (ECG) and-epicatechin (EC), 
gallic acid, chlorogenic acid, caffeic acid, like fla-
vonols kaempferol, myricetin and quercetin and 
the most represented-epigallocatechin-3-gallate 
(EGCG), and several studies have investigated their 
role in the treatment of prostate cancer (24). To 
the best of our knowledge, particularly in prosta-
te cancer cells, EGCG activates growth arrest and 
apoptosis primarily via p53-dependent pathway 
that involves the function of both p21 and Bax 
such that downregulation of either molecule con-
fers a growth advantage to the cells. In androgen-
-sensitive LNCaP and androgen-insensitive PC-3 
human prostate carcinoma cells, EGCG inhibited 
COX-2, (inducible enzymatic isoform, rapidly in-
duced by growth factors, tumor promoters, onco-
genes, and carcinogens) without affecting COX-1 
expression at both the mRNA and protein levels 
(25, 27). Among the mechanism that make the 
polyphenols in green tea of primary importance 
in the treatment of prostate cancer is the action 
of the epigallocatechin-3-gallate as a transcrip-
tion factor Nf-kB that underlies both inflamma-
tory cellular processes that induce oxidative stress 
both anti-apoptotic events (downregulation p53) 
resulting in a cascade of events that leads to car-
cinogenesis: the activity of this factor is extremely 
elevated in tumor cells in patients with prostate 
cancer and this has been highlighted (23, 24, 28-

30) as the epigallocatechin-3-gallate decreases the 
intracellular concentration of the protein by blo-
cking the activity of the via connected to it.

The relationship between prostate cancer 
and the intake of green tea and then directly the 
action of polyphenols (in particular ‘epigalloca-
techin-3-gallate or EGCG) is expressed at diffe-
rent levels in prostate cancer etiology by modu-
lating different pathways linked to inflammation 
chronic (action on NF-kB and COX-2) and also 
the metabolic syndrome itself (IGFR). Overex-
pression of NF-kB leads to the activation of se-
veral signaling pathways and among these also 
the activation of COX-2 which increases levels of 
pro-inflammatory cytokines. This determines as 
final result the pro oxidative imbalance and the 
formation of a eligible pabulum for carcinogene-
sis: to this regard it has been observed that the 
ECGC is also an inactivating of COX-2 without 
interfering with the activity of COX-1 (24, 31) 
supported by studies on transgenic mice (32). The 
anti-inflammatory action of ‘EGCG is also evi-
dent by its action on COX-2.

As reported by De Nunzio et al. (6) insulin 
resistance associated to metabolic syndrome, widely 
spread throughout the World, is manifested by an 
increased production of somatomedin C or IGF-1 
receptor. Since the insulin like growth factor 1 has 
a potent mitogenic and anti-apoptotic action is evi-
dent how it is an important parameter for the deve-
lopment of cancer cells, and this process appears to 
be comparable to prostate cancer onset mechanism 
(33). It has been shown, in studies involving TRAMP 
mice (34) that EGCG is able to directly antagonize 
the activity of IGF-1 and induce a receptor antago-
nism for IGF-1 receptor (32).

Furthermore, other qualities have been recog-
nized in the green tea and its phenolic component re-
garding prostate cancer: it was noted that the action 
of ECGC has not target only the proinflammatory 
pathways but also can play a role as antiandrogen. 
A review by Lecumberri et al. showed that ECGC has 
not only a direct role reducing testosterone levels, but 
also indirectly by inducing a receptor downregula-
tion on prostate tissue in animal models (35). Howe-
ver, we must emphasize that studies in prostate can-
cer castration resistant patients showed no clinically 
valid results for the use of green tea (36).
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Curcumin (diferuloylmethane) is a major 
chemical component of turmeric (Curcuma lon-
ga Linn.) and is used as a spice to give a speci-
fic flavor and yellow color to food in the Indian 
subcontinent (37). It has been used for centuries 
throughout Asia not only as a food additive but 
also as cosmetic and as a traditional herbal me-
dicine to treat a variety of inflammatory condi-
tions and chronic diseases. Over the past decade, 
several studies have substantiated the potential 
prophylactic or therapeutic value of curcumin 
and have unequivocally supported reports of its 
anti-carcinogenic properties, such as its ability to 
influence a diverse range of molecular targets wi-
thin cells. To date, no studies have reported any 
toxicity associated with the use of curcumin in 
either animals or humans (38).

Likewise to ‘ECGC, many others polyphe-
nols like curcumin exhibited anticancer/chemo-
preventive activity that is expressed at different 
levels. Wang et al. shown that the growth of 
human prostate cancer cell cultures is inhibited 
both by single administration curcumin (22%) 
or EGCG and (11%) or arctigenin (29%). Howe-
ver, they found that polyphenolic combina-
tion EGCG+curcumin, curcumin+arctigenin and 
curcumin+EGCG+arctigenin reduce tumor growth 
of cell lines respectively by 34%, 49% and 62% 
compared to control. The mechanism underlying 
these modifications, according to investigators, 
would be related primarily to an arrest of cell di-
vision of cancer cells in G1/G0 phase (directly re-
lated to the action of curcumin), to an increase of 
apoptotic factors Bcl-2/Bax (39) and to an inhibi-
tion via phosphorylation of nF-Kb (40). Other stu-
dies based on nanotechnology that administered 
curcumin to prostate cancer cell lines have shown 
that this method is more efficient than free curcu-
min to reduce the growth of cell colonies by arres-
ting fosforilation of STAT 3 and dell’AKT, promo-
ting the action of anti-apoptotic protein (Mcl-1, 
Bcl-xL) and inducing a PARP lysis. Additionally 
curcumin has antioxidant and anti-inflammatory 
mechanisms (41) and, likewise ECGC, has an ac-
tivity which is expressed at the level of receptors 
androgens inducing downregulation of their own 
receptors (39, 42). The anti-tumor action of cur-
cumin seems to be explained, according to Killian 

et al. (43,) also by the reduction process of me-
tastatization of the cancer: in murin model it has 
been shown that in cell lines treated with curcu-
min there is a reduction of the genetic factors that 
promote the formation of lung metastases (SPARC 
(osteonectin), COX2 (PTGS2, prostaglandin-
-endoperoxidesynthase 2), ALDH3A1 (aldehyde 
dehydrogenase-3 family member A1) and EFEMP 
(EGF-containing fibulin-like extracellular matrix) 
through a reduction of the overexpression of the 
proteins CXCL1 and-2).

Resveratrol (trans-3, 4, 5-trihydroxystil-
bene, C14H12O3) is a plant-derived polyphenolic 
phytoalexin produced by the enzyme stilbene syn-
thase in response to infection by the pathogen Bo-
trytis cinerea and to a variety of stress conditions, 
such as vicissitudes in climate, exposure to ozone, 
sunlight and heavy metals. It exists in two iso-
forms: trans-resveratrol and cis-resveratrol where 
the trans-isomer is the more stable form. Resvera-
trol is present in red grapes, peanuts, some com-
mon drinks, and dietary supplements (44). Kampa 
et al. tested the anticancer ability of a mixture of 
polyphenols (catechin, epicatechin, quercetin, and 
resveratrol) extracted from wine on three prosta-
te cancer cell lines: LNCaP and PC3 (hormone-
-sensitive), and DU145 (not hormone-sensitive) 
(45). They found that on LNCaP all three flavonoi-
ds were active (catechin, epicatechin, quercetin) 
and resveratrol was ineffective. On PC3 the ac-
tion of the three flavonoids was more prominent 
and resveratrol acted only in high concentrations 
compared with DU145 which was more sensitive 
to resveratrol and not to the three flavonoids. As 
already noted for the other polyphenols, the me-
chanisms that explain the action of resveratrol 
are to be found in the different levels on which 
it performs the action of the various components 
of the wine: mechanisms of hormonal receptor 
antagonism concerning LNCaP and PC3 and mo-
lecular mechanism concerning DU145. Authors 
suggest that an important role of these molecules 
in question is represented by the balance of the 
antioxidant and NO production. Similar results 
were found in other in vitro studies on the same 
cell lines (LNCaP and, PC3 and concerning DU145) 
and has been shown that resveratrol, in addition 
to the mechanisms described above, would have 
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inhibitory effect on the formation of free radicals 
in human macrophages, reducing oxidative stress 
within premalignant cells (46) and on the MAP 
kinase pathway (47).

POLYPHENOLS AND BPH/LUTS

Despite numerous evidences that correlate 
benign prostatic hyperplasia, metabolic syndrome 
and oxidative stress (7, 8, 48-51), the correlation 
between polyphenols (high antioxidant dietary 
components) and BPH are still very limited. Little 
evidence can be found by searching each polyphe-
nolic compound in relation to benign prostatic 
hyperplasia.

There are very few evidences in literatu-
re regarding green tea and its polyphenols (espe-
cially the ECGC): in a review Ranjan et al. (52) 
stated that the anti-proliferative activity of green 
tea antioxidant activity combined with the ‘action 
on 5a-reductase inhibitors may have a protective 
role both on the onset of BPH and on disease pro-
gression.

Certainly various studied correlated isofla-
vones and BPH: in a double-blinded, randomized 
controlled trial Wong et al. (53) examined 176 
patients with BPH divided into two groups, one 
of which that was administered with isoflavones 
40mg daily (n=88) and a placebo Group (n=88). 
Patient’s then underwent a control visit every 
three months during a 12 months period and were 
evaluated in terms of IPSS, Qmax, and 36-Item 
Short Form Health Survey (SF-36). At the end 
of 12 months, IPSS (SF-36) was not statistically 
significant between the two groups. The increase 
in Qmax (from 6 to 12 months) and incomplete 
emptying subscore in IPSS from baseline to the 
12th month was slightly significant. The effect 
of this kind of polyphenols on BPH may be ex-
plained by its action on the prostatic parenchy-
ma both on the epithelial tissue cell (throughout 
a 5α-reductase action and a uridine 5-diphospho-
-glucuronsyltransferase activation) and on the 
stromal cell (throughout aromatase inhibition, and 
estrogen receptor antagonism) (54). The authors 
emphasized that actually there are no indication 
for the use of isoflavons as therapy for BPH (54). 
Parenchymal level of isoflavons in BPH patients 

are lower than control, while blood level of isofla-
vons didn’t show any statistically difference (55).

CONCLUSIONS

In conclusion, this review aimed to resear-
ch which could be the use of polyphenols on BPH 
and prostate cancer. As revealed from the papers 
examined, the action of polyphenols is directed 
to different levels in the prostate cell: the primary 
action of these molecules is opposing to oxidati-
ve stress, but other evidences confirm that these 
compounds influence the growth of the prostate 
androgenic mediated cells and the cell cycle pha-
ses. Although a large amount of studies in vitro 
and in murin model have been conducted until 
now, few clinical trials, using precise concentra-
tions of these compounds, have been performed. 
If we consider the relationship between polyphe-
nols and BPH, we observe that there are very few 
studies carried out on this topic. Therefore, sin-
ce the use of the polyphenols seem to have good 
perspectives, randomized clinical trials and meta-
-analyzes are needed in patients with prostate 
cancer and especially in patients with BPH.
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Introduction and Objective: Radical cystectomy (RC) with pelvic lymph node dissection 
is the standard treatment for muscle invasive bladder cancer and the oncologic outcomes 
following it are directly related to disease pathology and surgical technique. Therefore, 
we sought to analyze these features in a cohort from a Brazilian tertiary oncologic center 
and try to identify those who could negatively impact on the disease control.
Patients and Methods: We identified 128 patients submitted to radical cystectomy, for 
bladder cancer treatment, from January 2009 to July 2012 in one oncology tertiary 
referral public center (Mario Penna Institute, Belo Horizonte, Brazil). We retrospectively 
analyzed the findings obtained from their pathologic report and assessed the compli-
cations within 30 days of surgery.
Results: We showed similar pathologic and surgical findings compared to other large 
series from the literature, however our patients presented with a slightly higher rate of 
pT4 disease. Positive surgical margins were found in 2/128 patients (1.5%). The me-
dium number of lymph nodes dissected were 15. Major complications (Clavien 3 to 5) 
within 30 days of cystectomy occurred in 33/128 (25.7%) patients.
Conclusions: In the management of invasive bladder cancer, efforts should focus on 
proper disease diagnosis and staging, and, thereafter, correct treatment based on pa-
thologic findings. Furthermore, extended LND should be performed in all patients with 
RC indication. A critical analysis of our complications in a future study will help us to 
identify and modify some of the factors associated with surgical morbidity.
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INTRODUCTION

Radical cystectomy (RC) with pelvic lym-
ph node dissection is the standard treatment for 
muscle invasive bladder cancer and a curati-
ve procedure for patients with organ confined 
and some with extravesical and node positive 
disease (1, 2). This surgical approach also pro-

vides proper disease staging based on specimen 
pathology and, thereafter, adjuvant treatment 
strategies when indicated.

Oncologic outcomes after RC are highly as-
sociated with pathologic features of the disease and 
surgical technique factors. Among them, extravesi-
cal disease and lymph node involvement are related 
to decreased overall and recurrence-free survival 
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(2-4). Furthermore, these oncologic outcomes 
are also determined by the operative technique, 
what plays an important role in the disease con-
trol (5, 6).

The pelvic lymphadenectomy (LND) is not 
standardized among surgeons and institutions and 
its extension has been shown to be a determinant 
factor for improving progression-free and overall 
survival in patients with invasive bladder cancer 
submitted to RC (7). Another important point in the 
management of this disease is the reconstruction 
of the urinary tract and different urinary diver-
sions have been described, however none of them 
showed superiority compared to others in terms 
of complications and quality of life in prospective 
randomized trials.

Together with the fact that muscle-invasive 
bladder cancer predominantly affects an elderly 
population, RC with pelvic LND is a major opera-
tive procedure and, therefore, is associated with an 
important rate of complications (8-10). The surgical 
morbidity impacts on hospital costs and patients 
survival.

Although extensively studied in different 
populations worldwide (1-5), bladder cancer infor-
mation from Brazilian patients is lacking. There-
fore, we sought to analyze the data from a cohort 
submitted to RC with LND for bladder cancer tre-
atment in a Brazilian tertiary referral center and, 
using surgical, pathologic and morbidity parame-
ters, compare it to the largest series from the medi-
cal literature.

MATERIALS AND METHODS

Patients
We identified 128 patients submitted to ra-

dical cystectomy from January 2009 to July 2012 
in one oncology tertiary referral public center (Ma-
rio Penna Institute, Belo Horizonte, Brazil). In all 
of the cases the reason for cystectomy was bladder 
cancer, either invasive or non-invasive disease.

Surgical intervention
All the patients included in the study were 

submitted to open radical cystectomy by 8 expe-
rienced urologic surgeons with over 5-years prior 
experience in urology oncologic surgeries.

Patients underwent a standard surgical 
procedure, including a meticulous pelvic lympha-
denectomy (LND) with en bloc RC and urinary di-
version. Men were submitted to prostate removal 
and women to hysterectomy, resection of anterior 
vaginal wall and bilateral salpingo-oophorectomy 
if those organs were present. The extent of the LND 
was based on surgeon’s judgment. After RC with 
pelvic LND, urinary diversion was performed based 
on preoperative and intraoperative assessments and 
previous patient discussion. There were not speci-
fic criteria for choosing the type of diversion, this 
choice was made by the surgeon and patients after 
discussing the risks and benefits of each type of 
diversion on each individual situation.

All the pathologic specimens were analyzed 
from the same pathologist with more than 10 years 
of pathology oncology experience.

Demographic and pathologic data
Pathologic and demographic characteristics 

of the patient’s population were collected retros-
pectively from electronic medical records.

Cystectomy and lymph node specimens 
were evaluated according to the standard patholo-
gy protocol. Pathologic data included tumor stage 
and grade. AJCC TNM classification (11) was used 
for pathologic staging and the WHO classification 
(12) from 2004 for histological typing and grading.

Post-operative complications
Complications within 30 days of surgical 

resection were graded using the modified Clavien 
classification system (13). Grade 1 and 2 complica-
tions were defined as minor, and grade 3 to 5 com-
plications were defined as major. Regular corres-
pondence with patients and their physician ensured 
that treatment received outside of our institution 
was accounted for in the database.

RESULTS

The majority of the patients submitted to 
cystectomy in our institution were men with a me-
dian age of 67 years, ranging from 36 to 86 years 
and more than 90% of them presented with inva-
sive disease in the specimen pathology; 47% with 
pT3-pT4 disease and 16% with pT4 tumors. Positive 



ibju | Bladder cancer outcomes in a Brazilian cohort

433

surgical margins were only present in 2/128 (1.5%) 
patients. In one of them the bladder adenocarci-
noma invaded the rectal wall and in the other the 
high grade transitional cell carcinoma infiltrated 
the ileus and abdominal wall (Table-1).

Based on pre operatory histology, RC was 
performed because of muscular invasive disease 
(pT2) in most part of the cases and in 34/128 
(26%) of the patients the reason for RC with LND 
was multiple T1 recurrence or impossibility to 
approach the lesion with transurethral resection. 
Transitional cell carcinoma was the pre cystec-
tomy histology subtype in 117/128 (92%), squa-
mous cell carcinoma in 7/128 (5%) and adeno-
carcinoma in 3/128 (3%) patients (Table-2). 

Ileal conduit was the choice of diversion 
in 97/128  (75%) of the cases and orthotopic ne-
obladder and ureterocutaneostomy was the di-
version performed in 15/128 (12%) patients each 
(Table-3). Transitional cell carcinoma was the 
histologic diagnosis in the cystectomy specimen 
in 117/128 patients (92%) (Table-4).

Regarding N stage, we found a 22% rate 
of node invasion and 86% of the patients had 10 
or more nodes removed, with a median number 
of 15 (Table-5). 

Median length of stay (LOS) was 10 days 
and 21/128 (16%) patients had to be re-hospi-
talized within 30 days of surgery (Table-6). The 

Table 1 – Demographic, neoadjuvant chemotherapy and post 
operatory pathologic data, reported as absolute numbers 
for gender and age in years, frequency and relative number 
(%) for the other variables.

Male 102 (80%)

Age (range) 67 (36-86)

Neoadjuvant chemotherapy 2 (1.5%)

Pathologic T stage

T0 4 (3%)

T1 8 (6%)

T2 55 (43%)

T3 40 (31%)

T4 21 (16%)

Pathologic N stage 

N0 99 (78%)

N1 4 (3%)

N2 24 (18%)

N3 1 (1%)

Positive margins 2 (1.5%)

Table 2 – Pre operatory biopsy.

pT stage 128 (100%)

pT1 34 (26%)

pT2 84 (65%)

Squamous cell carcinoma 7 (5%)

Adenocarcinoma 3 (2%)

Data reported as frequency and relative number (%)

Table 3 – Urinary diversion.

Urinary Diversion 128 (100%)

Ileal conduit 97 (75%)

Orthotopic neobladder 15 (12%)

Ureterocutaneostomy 15 (12%)

Ureterosigmoidostomy 1 (1%)

Data reported as frequency and relative number (%)

Table 4 – Post operative histologic subtype.

Patients submitted to RC 128 (100%)

Transitional cell carcinoma 117 (92%)

Adenocarcinoma 4 (3%)

Squamous cell carcinoma 7 (5%)

Data reported as frequency and relative number (%)

Table 5 – Node status and number of nodes removed.

Node Status 128 (100%)

Negative 97 (76%)

Positive 31 (24%)

Nodes removed

Median 15

10 or more nodes removed 110 (86%)

Data reported as frequency and relative number (%)
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most common cause was urinary infection, res-
ponsible for 13/128 (81%) events. Other reasons 
were dehydration, upper gastrointestinal blee-
ding, evisceration, deep venous thrombosis, pain 
requiring venous analgesics, acute renal failure, 
pelvic abscess.

Major complications (Clavien-dindo 3 
to 5) within 30 days of cystectomy occurred in 
33/128 (25.7%) patients (Table-6). Eight patients 
had complications classified as Clavien-dindo 
grade 3. In detail, the cause of re-intervention 
was evisceration in 4/8 (50%), pelvic abscess in 
2/8 (25%), lymphocele 1/8 (12.5%) and ileal con-
duit ischemia in 1/8 (12.5%) patient. Among the 
14/128 (11%) patients with Clavien-Dindo gra-
de 4 complications, urinary, abdominal and pul-
monary sepsis was the causes for intensive care 
unit (ICU) admission in 12/14 (86%) patients. The 
other 2/14 (14%) patients were admitted in the 
ICU due to myocardial infarction and hemody-
namic instability with undefined cause. Re ope-
ration was needed in 8/14 (57%) of these patients 
and the reasons were perforated gastric ulcer 1/8 
(12.5%), pyonephrosis 1/8 (12.5%), abdominal 

abscess 1/8 (12.5%), evisceration in 2/8 (25%) and 
anastomosis ileal fistula in 3/8 (37.5%) patients.

	Grade 5 Clavien-Dindo complications oc-
curred in 11/128 (8.5%) patients. The cause of 
death in these patients were abdominal abscess 
in 1/11 (9%), ureteroileal fistula in 1/11 (9%), me-
senteric ischemia in 1/11 (9%), intestinal hernia 
1/11 (9%), pulmonary sepsis in 1/11 (9%), urina-
ry sepsis in 2/11 (18%), severe inflammatory res-
ponse syndrome in 2/11 (18%) and cardiac events 
in 2/11 (18%) patients.

DISCUSSION

Due to durable local control, long term, 
recurrence-free and bladder cancer specific sur-
vival there is a consensus that RC with lymph 
node dissection is the gold standard treatment 
for invasive bladder cancer. In a large series with 
1054 patients, Stein et al. showed recurrence-
-free and overall survival at 5 years of 68% and 
66%, respectively, for all patients (1), regardless 
of cancer stage. Other smaller series reported si-
milar rates (2-4) and all of them showed that RC 
outcomes are overwhelmingly associated with 
the pathology, and tumor stage and lymph node 
status are the most important predictors for ou-
tcome (14-16). The differences in survival and 
recurrence rates were observed when bladder 
confined was compared to extravesical tumors, 
and intravesical muscle invasive masses showed 
equivalent outcomes to noninvasive ones for pa-
tients submitted to RC (1-4).

Our results show a similar rate of positive 
resected lymph nodes compared to cohorts from 
Europe (2), United States (1, 4, 17) and from a 
multicentric study with patients from Canadian 
and American centers (3). Furthermore, the rate 
of patients with pT3-pT4 disease reported in our 
current series is similar to the ones observed in 
the cited studies. However, if we only consider 
the patients classified as pT4 and compare to the 
contemporary cohort from Bochner et al. (17), we 
observe a higher percentage of patients in this 
pT stage in our cohort. Nevertheless, when we 
analyze histologic subtype, we show similar rates 
of transitional cell carcinoma and other bladder 
cancer subtypes.

Table 6 – Distribution and detailed description of length of 
stay, operative time, perioperative deaths, re-hospitalization 
and 30-day complications. Data reported as frequency and 
relative number (%) when applied.

Median operative time 240 min

Median length of stay 10 days

Perioperative death 0

Re-hospitalization 21 (16%)

Patients with major complications 
(Grade ≥3), n (%)

33 (25.7%)

Highest grade of complications, n (%)

Grade 1 59 (46.1%)

Grade 2 36 (28.1%)

Grade 3 8 (6.2%)

Grade 4 14 (11%)

Grade 5 11 (8.5%)

Major complications (Grade ≥3, n) (%) 33 (25.7%)
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Together with pathological features, sur-
gical variables play an important role in bladder 
cancer outcomes and it has been shown in the 
SWOG-Intergroup study. In this cohort, Herr et 
al. (5) found substantial differences in cystectomy 
operative technique and patients achieved better 
oncological and survival outcomes when operated 
by urologic oncologists. Furthermore, they showed 
that surgical margins and number of nodes dissec-
ted were independent predictors of local recurrence 
and survival (5). Indeed, positive surgical margins 
increase the metastatic progression risk and adver-
sely affect cancer-specific survival (18). We obser-
ved positive margins in less than 2% of our cases, 
finding that is in accordance with the ones from 
other series (5, 19) and in part reflects the surgical 
expertise of the surgeons from our institution.

Although the number of pelvic nodes va-
ries widely between individuals (20) it is associated 
to the extent of the lymph node dissection among 
experienced surgeons (21). Knowing that, the 
SWOG researchers analyzed the number of lym-
ph nodes dissected and its importance for disease 
control, showing better outcomes for patients with 
more than 10 nodes removed. Also, other series 
measured the extension and quality of the lym-
phadenectomy (LND) by defining a quantity of 
nodes that should be dissected, and this minimum 
number ranged from 10 to 16 (15, 22-24). In our 
cohort, we report a 86% rate of 10 or more and 
a median of 15 nodes removed, acceptable num-
bers when we take into account the cutoff number 
from the SWOG group (5).

The boundaries of extensive LND for blad-
der cancer include the ones from the limited LND 
and the cephalad dissection extended to the cros-
sing of the ureters with common iliac arteries and 
tissue along the lateral and medial portion of inter-
nal vessels (25). This LDN approach was important 
for increasing the survival in node positive and 
negative patient groups. In the Stein et al. series, 
despite cancer node involvement, 31% and 23% of 
the patients were alive 5 and 10 years after RC with 
extensive LND, respectively. For patients with node 
negative disease, it also showed a positive effect on 
survival, suggesting a role in removing occult mi-
croscopic metastasis (15, 26, 27). Furthermore, in 
a retrospective study comparing limited to exten-

ded LND, the second approach was responsible for 
increased overall and recurrence-free survival (7). 
Therefore, since higher lymph node yield impacts 
positively in overall and disease-specific survival 
(6, 28), efforts must be made to its widespread 
adoption in our and other centers worldwide.

Another important step in the surgical 
management of invasive bladder cancer is the re-
construction of the urinary tract either with ortho-
topic or heterotopic, continent or incontinent uri-
nary diversions. The surgical morbidity following 
them is significant (29) and has not been asso-
ciated with the type of diversion (30). Orthotopic 
neobladder provides the patient with the potential 
for normal voiding function and continence toge-
ther with superior cosmetic appearance compared 
to heterotopic conduits. Nevertheless, randomized 
prospective trials using appropriate quality of life 
instruments to compare the different types of di-
versions are lacking. In our institution, the ileal 
conduit was used in the vast majority of the cases 
and its choice was driven by patient option and 
surgeon experience.

Prior series reported early complications, 
defined as the ones affecting patients within 30 
days of surgery, and their rate ranged from 20-
57% (10). In a study from our colleagues from São 
Paulo, Brazil, Meller et al. (8) showed a rate of 
immediate and late complications of 19% and the 
group from the University of Michigan (9), in a 
study with 2.538 patients, reported at least 1 com-
plication in 774 (30.5%) patients. A common cha-
racteristic of these cited studies and others from 
the literature is the lack of a formal complication 
reporting system. Without this, it is difficult to 
compare data from different studies and the mor-
bidity of the procedure may be underestimated. 
Therefore, we report our complications with a well 
defined and accepted reporting method, the Cla-
vien-Dindo classification (13).

Compared to a large series with 1142 pa-
tients from Shabsig et al. (10), we found a higher 
rate of major complications, defined as Clavien-
-Dindo grade ≥3 within 30 days. In a multivaria-
ble analysis from this same series (10), it has been 
shown that advanced age, prior abdominal/pelvic 
surgery, blood loss and ASA score >2 were signi-
ficant predictors for complications. In our cohort, 
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different types of complications were observed 
and identifying the factors that are associated 
with them should be the aim of a future study. 
This will help us improve our institution quality 
of care and will also be important for proper pa-
tient counseling.

This is a retrospective descriptive analysis 
of the surgical and pathologic outcomes from a 
contemporary Brazilian cohort submitted to RC 
and pelvic LND. The short follow-up did not allow 
us to make a meaningful oncologic and survival 
analysis of our data, and we believe this is the 
greatest limitation of our study.

CONCLUSIONS

Survival and oncologic outcomes follo-
wing RC are associated with pathologic stage and 
surgical variables. Therefore, efforts should fo-
cus on proper disease diagnosis and staging, and, 
thereafter, correct treatment based on pathologic 
findings. Furthermore, extended LND should be 
performed in all patients with RC indication. A 
critical analysis of our complications and their 
correlation with patient’s characteristics, pre, per 
and post-operative management plans will help us 
to identify and modify some of factors associated 
with surgical morbidity. This should be the aim of 
a future study in our institution.
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Introduction: There is a lack of studies in our national scenario regarding the results 
obtained by laparoscopic radical prostatectomy technique (LRP). Except for a few se-
ries, there are no consistent data on oncological, functional, and perioperative results 
on LRP held in Brazil. As for the LRP technique performed by extraperitoneal access 
(ELRP), when performed by a single surgeon, the results are even scarcer.
Objective: To analyze the early perioperative and oncologic results obtained with the 
ELRP, throughout the technical evolution of a single surgeon.
Patients and methods: A non-randomized retrospective study was held in a Brazilian 
hospital of reference. In the 5-year period, 115 patients underwent the ELRP procedure. 
Patients were divided into two groups, the first 57 cases (Group 1) and the following 
58 cases, (Group 2). A comparative analysis between the groups of efficacy results and 
ELRP safety was carried out.
Results: The average age of patients was 62.8 year-old and the PSA of 6.9ng/dl. The 
total surgery time was 135.8 minutes on average, and the urethral-bladder anastomosis 
was 21.9 min (23.3 min versus 20.7 min). The positive surgical margins (PSM) rate was 
17.1%, showing no difference between groups (16.4% versus 17.9%; p=0.835). There 
was statistical difference between the groups in relation to the anastomosis time, esti-
mated blood loss and the withdrawal time of the urinary catheter.
Conclusion: The ELRP technique proved to be a safe and effective procedure in the 
treatment of prostate cancer, with low morbidity.
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INTRODUCTION

The first series of laparoscopic radical 
prostatectomy (LRP) was described by Schuessler 
et al (1) in 1997. Nine surgeries were performed by 
the transperitoneal technique (TLRP). In the year 
1997, Raboy et al (2) described the extraperitoneal 
laparoscopic radical prostatectomy (ELRP).

The first ones to carry out the ELRP pro-
cedure in Brazil were Andreoni et al (3) in 2001. 
They had an exceptional higher incidence of 

hypercapnia with conversion, maybe due to lon-
ger operative time. No functional and oncologi-
cal results were provided. The first successful na-
tionwide series of ELRP procedures was described 
by Tobias-Machado et al (4) in 2004.

In the 2010 cohort study, Guillonneau et 
al (5) observed that the percentage of positive 
surgical margins (PSM) gets stabilized after the 
performance of 250 cases, occurring in 22% of 
patients. They concluded that, previous experien-
ce in retropubic radical prostatectomy (RRP) did 
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not influence the result of the PSM, and that this 
rate decreases more slowly during the learning 
curve (LC) in LRP compared with the open tech-
nique. Thus, it suggests that the results depend 
directly and exclusively of the laparoscopic tech-
nique training.

In a series of 760 cases, Mirandolino et al 
(6) found that the percentage of PSM in LRP was 
similar to the studies using the open technique. 
The PSM average was from 11% to 26%. In five 
years time, there was a biochemical recurrence 
rate of 11%.

In a study comparing the LC from diffe-
rent surgeons, Siqueira et al (7) observed that the 
rate of complications from both ELRP and TLRP 
techniques were similar. On the other hand, the 
overall rate of PSM was lower when using the 
TLRP technique.

In a nationwide series, with 270 cases per-
formed by different surgeons, Starling et al (8) 
observed that there was a drop from 15% to 10% 
in the PSM rate after a LC of 70 cases.

There is a lack of national studies with 
respect to the results obtained from the LRP tech-
nique. Except for the series of the cases described 
above, there are no consistent data on oncologi-
cal, functional and perioperative results on LRP 
held in Brazil. Concerning the ELRP technique 
when performed by a single surgeon, the results 
are even scarcer.

The present study analyses the early pe-
rioperative and oncologic results obtained with 
ELRP performed by a single surgeon.

MATERIALS AND METHODS

It was a backward-looking, non-randomized 
study held in a Brazilian hospital of reference. It only 
represents the first 115 cases (with patients operated 
from 2008 through 2013), who underwent the la-
paroscopic extraperitoneal technique, using only a 
four-port. It does represent the learning curve of a 
single surgeon in ELRP technique. All patients had 
PSA<8, clinical stage T1 and T2. The initial 40 cases 
performed by TLRP technique were excluded. The 
patients involved in the study were divided into two 
groups, the first 57 cases were called Group 1 and 
the 58 following cases were called Group 2.

The configurations of the ports were the 
same for all the cases. The camera port was done 
by an infraumbilical incision of about 4cm, follo-
wed by the digital dissection of the pre-peritoneal 
space and closed with Prolene thread (Figures 1 
and 2). After Trendelenburg position (Figure-3), 

Figure 1 – Digital dissection of the pre-peritoneal area.

Figure 2 – Port closure with an umbilical point “X” on each 
side of the optical trocar.

the surgeon’s work port was inserted into the edge 
of the rectus abdominis muscle at the midway be-
tween the iliac crest and the umbilicus, the left 
port had 5mm and the right one, 10-12mm. The 
5mm port of the first assistant surgeon was inser-
ted on the left side near the iliac crest. When the 
first assistant surgeon was left-handed this portal 
stood on the right side (Figure-4).
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In the surgical technique used, the extraperi-
toneal area is digitally created followed by the ope-
ning of the endopelvic fascia bilaterally. The com-
plex of the dorsal penile vein is tied with polyglactin 
sutures 0, and the bladder neck is opened with an 
ultrasonic scalpel. After the dissection of the semi-
nal vesicles and the vas deferens, the neurovascu-
lar bundles are separated from the prostate with the 
use of ultrasonic energy or by placing polymer clips 
(Hem-O-Lok®), followed by the section with lapa-
roscopic scissors, always using the preservation of 
nerves interfascial technique. After the removal of 
the prostate, the urethra is anastomosed to the bla-
dder neck with a polyglactin 3.0 suture, making use 
of the Van Velthoven (9) technique.

A comparative analysis between groups of 
early perioperative and oncological outcomes was 
performed. In order to compare the groups regar-
ding the qualitative variables, the chi-square test of 
Pearson or the Fisher exact test were used. In the 
cases where the normal distribution assumption was 
not rejected, the t-Student test was applied. As for 
the normality rejection situations, the nonparame-
tric Mann-Whitney test was used.

RESULTS

Table-1 shows the results of the charac-
terization of the entire sample as well as for each 
Group. The groups were homogeneous, with no 
difference between them. The average age of pa-
tients was 62.8 years old, with the average pre-

operative PSA of 6.9ng/ml, and average prostate 
weight of 39.3g taken by the trans-rectal ultra-
sound. The majority of cases (80.9%) were diag-
nosed solely due to the increase of PSA in routine 
tests (clinical stage T1c) and in most cases with a 
Gleason 6 (50.4%) and Gleason 7 (40%), respec-
tively. Table-2 shows the results of oncological 
data according to D’Amico classification (10).

Table-3 shows the results of the intraop-
erative variables of the evaluated technique. The 
total surgical time was on average 135.8 min. with 
the UV anastomosis time average of 21.9 min. In 
one case, there was conversion to transperitoneal 
technique. There was no statistical difference be-
tween the groups when comparing the number of 
conversions to open surgery, as well as when com-
pared surgical complications.

From the results (Table-3), we can see that 
there was a significant reduction in the time of 
anastomosis and bleeding estimated between 
groups in favor of Group 2. On the other hand, 
there was no statistical difference regarding the 
need for blood transfusion. We can see that there 
was a significant reduction in the hospital stay 
and the urinary catheter removal time between the 
two groups, also in favor of Group 2.

Among the complications, there was no 
statistical difference between the groups (p=0.92). 
Table-4 shows all the complications that hap-

Figure 4 - Arrangement of ports when the first assistant 
surgeon is left-handed.

Figure 3 - Patient and surgical team positioning.
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pened in this study according to Clavien-Dindo 
classification system (11).

Table-5 analyzes the variables related to the 
postoperative pathologic evaluation. No statistical 
difference was observed between the groups. In rela-
tion to the Gleason scores, the most prevalent was 
(3+4) in 45.9% of the cases. The perineural invasion 
could be observed in 24.5% of cases, and the inva-

sion of the prostate capsule in 13.5%. The posi-
tive surgical margin variable (PSM) was 17.1%, 
with no difference between groups (16.4% versus 
17.9%; p=0.835).

In terms of disease staging, 86.5% of cases 
were classified as pT2, and 13.5% were classified as 
pT3. There was no difference between groups when 
analyzing the variable pathologic stage (p=0.17).

Table 1 – Characterization of the entire sample.

Total
(n=115)

Group 1 Group 2
p

(n = 57) (n = 58)

Age (years): average (±SD) 62.8 (±7.3) 62.8 (±8.0) 62.7 (±6.5) 0.941t

ICM (kg/m2): average (±SD) 27.2 (±3.4) 21.1 (±3.3) 27.3 (±3.6) 0.827t

PSA (ng/ml): average (±SD) 6.9 (±4.4) 7.1 (±4.5) 6.6 (±4.4) 0.510t

weight (g): average (±SD) 39.3 (±13.0) 40.8 (±14.9) 37.8 (±10.9) 0.070t

Nodule: n (%) 22 (19.1%) 12 (21.1%) 10 (17.2%) 0.603

Clinic Stage: n (%) 0.775F

T1b 1 (0.9%) 1 (1.8%) -

T1c 93 (80.9%) 45 (78.9%) 48 (82.8%)

T2a 13 (11.3%) 6 (10.5%) 7 (12.1%)

T2b 8 (7.0%) 5 (8.8%) 3 (5.3%)

Gleason Score: n (%) 0.173F

4 (2+2) 1 (0.9%) 1 (1.8%) -

5 (2+3) 1 (0.9%) 1 (1.8%) -

5 (3+2) 3  (2.6%) 1 (1.8%) 2 (3.4%)

6 (3+3) 58 (50.4%) 23 (40.4%) 35 (60.3%)

7 (3+4) 34 (29.6%) 18 (31.6%) 16 (27.6%)

7 (4+3) 12 (10.4%) 9 (15.8%) 3 (5.2%)

8 (3+5) 1 (0.9%) 1 (1.8%) -

8 (4+4) 5 (4.3%) 3 (5.3%) 2 (3.4%)

SD = standard deviation; t = T-Student test; F = Fisher’s exact test; ICM = index of corporal mass

Table 2 – D’Amico risk stratification groups for prostate cancer.

Risk Escore Total (n=115)
Group 1 Group 2

p
(n = 57) (n = 58)

Low Risk 48 (41.7%) 19 (33.3%) 29 (50.9%)
0.171Intermediate Risk 56 (48.7%) 31 (54.4%) 25 (43.1%)

High Risk 11 (9.6%) 7 (12.3%) 4 (6.9%)
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Table 3 – Intraoperative and post-operative variables.

Total
(n=115)

Group 1 Group 2
p

(n = 57) (n = 58)

Anastomosis Time (min):
Average (±SD)

21.9 (±6.2) 23.3 (±6.9) 20.7 (±5.2) 0.027t 
(*)

Blood Transfusion: n (%) 4 (±3.5%) 2 (±3.5%) 2 (±3.4%) > 0.999F

Surgical Time (min):
Average (±SD)

135.8(±34.3)
139.5 

(±32.8)
132.3 (±35.7) 0.269t

Estimated Bleeding Rates (ml): Average (±SD)
178.4(±80.9)

200.7 
(±89.5)

156.4 (±65.0) 0.003M
(*)

Conversion Number: n (%) 5 (4.3%) 3 (5.3%) 2 (3.4%) 0.679F

Time in the Hospital (days)
Average (±SD)

2.2 (±0.5) 2.3 (±0.7) 2.0 (±0.2) 0.022t
(*)

Urinary Catheter Time (days): 
Average (±SD)

9.7 (±2.6) 10.6 (±2.9) 8.8 (±1.8) <0.001M
(*)

T = T-Student test; F = Fisher’s exact test; M = Mann-Whitney test

Table  4 – Complications according to Clavien-Dindo classification system.

Complication 
Total Group 1 Group 2

p
(n=115) (n = 57) (n = 58)

No complications 83 (72.2%) 40 (70.2%) 43 (74.1%)

0.924F

Urinary infection
(grade II)

14 (12.2%) 6 (10.5%) 8 (13.8%)

Seroma 
(grade IIIa)

1 (0.9%) 1 (1.8%) 0 (0%)

Urinary extravasation
(grade I)

2 (1.7%) 2 (3.5%) 0 (0%)

Anastomosis rupture 
(grade IIIa)

1 (0.9%) 0 (0%) 1 (1.7%)

Hematuria 
(grade I)

1 (0.9%) 0 (0%) 1 (1.7%)

Urinary retencion 1 (0.9%) 1 (1.8%) 0 (0%)

Bleeding from the drain
(grade I)

1 (0.9%) 1 (1.8%) 0 (0%)

Urethral stricture
(grade IIIa)

2 (1.7%) 1 (1.8%) 1 (1.7%)

Bladder neck stenosis 
(grade IIIa)

2 (1.7%) 1 (1.8%) 1 (1.7%)

Blood transfusion (grade II) 4 (3.5%) 2 (3.5%) 2 (3.4%)

Rectal injury
(grade IIIb)

2 (1.7%) 1 (1.8%) 1 (1.7%)

Epigastric artery injury 
(grade IIIb)

1 (0.9%) 1 (1.8%) 0 (0%)
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Table 5 – Postoperative pathologic evaluation.

Variables
Total 

(n = 111)*
Group 1 Group 2

P
(n = 55) (n = 56)

Gleason Escore: n (%) 0.497F

5 (2+3) 1 (0.9%) 1 (1.8%) -

5 (3+2) 2 (1.8%) - 2 (3.6%)

6 (3+3) 34 (30.6%) 18 (32.7%) 16 (28.6%)

7 (3+4) 51 (45.9%) 22 (40.0%) 29 (51.8%)

7 (4+3) 15 (13.5%) 9 (16.4%) 6 (10.7%)

8 (4+4) 4 (3.6%) 2 (3.6%) 2 (3.6%)

9 (4+5) 4 (3.6%) 3 (5.5%) 1 (1.8%)

Perineural Invasion:  n (%) 27 (24.5%) 14 (26.4%) 13 (22.8%) 0.660

Prostate Capsule Invasion: n (%) 15 (13.5%) 5 (9.1%) 10 (17.9%) 0.177

Positive Surgical Margin: n (%) 19 (17.1%) 8 (16.4%) 11 (17.9%) 0.835

Pathological Stage: n (%) 0.177

F = Fisher’s exact test
*= 02 cases with benign prostatic hyperplasia result were excluded and 02 cases in which the operative specimen were lost.

Table 6 - Postoperative Gleason.

Postoperative Gleason

Preoperative
Gleason

2+3 3+2 3+3 3+4 4+3 4+4 4+5 Total

2+2
N 0 0 1 0 0 0 0 1

% 0.0% 0.0% 100% 0.0% 0.0% 0.0% 0.0% 100%

2+3
N 1 0 0 0 0 0 0 1

% 100% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100%

3+2
N 0 0 0 2 0 0 1 3

% 0.0% 0.0% 0.0% 66.7% 0.0% 0.0% 33.3% 100%

3+3
N 0 1 26 22 8 0 0 57

% 0.0% 1.8% 45.0% 38.6% 14% 0.0% 0.0% 100%

3+4
N 0 1 4 21 2 1 2 31

% 0.0% 3.2% 12.9% 67.7% 6.5% 3.2% 6.5% 100%

3+5
N 0 0 0 0 0 1 0 1

% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 0.0% 100%

4+3
N 0 0 2 4 4 1 1 12

% 0.0% 0.0% 16.7% 33.3% 33.3% 8.3% 8.3% 100%

4+4
N 0 0 1 2 1 1 0 5

% 0.0% 0.0% 20.0% 40.0% 20.0% 20.0% 0.0% 100%

Total N 1 2 34 51 15 4 4 111

% 0.9% 1.8% 30.6% 45.9% 13.5% 3.6% 3.6% 100%

p-value = 0.001
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Table-6 shows that there was significant 
change in the Gleason score in the pre and posto-
perative period. There was an increase of 38.6% of 
the Gleason 6 (3+3) to the Gleason 7 (3+4), and of 
14% for Gleason 7 (4+3), showing a understaging on 
the preoperative Gleason score, when analyzing the 
surgical specimens.

Table-7 shows the incidence of PSM re-
garding the pathological stage. We observed that 
8.3% of the cases with pT2 stage, and 73.4% of the 
cases with pT3 stage showed PSM (p<0.001).

There was no difference in the incidence 
of PSM for Groups 1 and 2, when the PSM rate 
was analyzed by separate groups (Table-8). Fur-
thermore, in Group 2 there was a statistical trend 
of positive margin with pT3 stage (Table-9).

DISCUSSION

In all three technical procedures (open, la-
paroscopic or robotic), there is a specific goal whi-
ch is the healing treatment of localized prostate 

cancer (12). Some authors argue that in the TLRP 
the initial dissection of the seminal vesicles and 
vas deferens facilitates the dissection step and the 
preservation of the neurovascular bundle. On top 
of that it is easier as it promotes more physical 
space and light, and it also allows greater visi-
bility of the anatomical structures leading to less 
tension in the anastomosis (13).

On the other hand, the ELRP brings a simi-
lar procedure to the conventional retropubic one, 
while maintaining the integrity of the peritoneum, 
allowing for less possibility of intra-abdominal 
complications (2). Therefore, this access is defined 
as the safest one as it does not violate the perito-
neal cavity (14-16).

The robotic assisted laparoscopic radical 
prostatectomy extraperitoneal access (RALRP-EX) 
is just used in a few institutions, as it holds a long 
and difficult LC. This technique provides very limi-
ted space for the robotic movements, and difficult 
to make lymphadenectomy. It is recommended to 
be just started by surgeons with extensive expe-

Table 7 – Incidence of PSM regarding the pathological stage.

Surgical Margins Pathological Stage P

(Group 1) pT2 pT3 Total

Negative 88 (91.7%) 04 (26.7%) 92 (82.9%) 0.001F

Positive 08 (8.3%) 11 (73.4%) 19 (17.1%)

Total 96 (100%) 15 (100%) 111 (100%)

F = Fisher’s exact test

Table 8 - Incidence of PSM for groups 1 and 2.

Surgical Margins Pathological Stage P

(Group 1) pT2 pT3 Total

Negative 44 (95.7%) 02 (4.3%) 46 (100%) 0.027F

Positive 06 (66.7%) 03 (33.3%) 09 (100%)

Total 50 (90.9%) 05 (9.1%) 55 (100%)

(Group 2) pT2 pT3 Total

Negative 44 (95.7%) 02 (4.3%) 46 (100%) <0.001F

Positive 02 (20.0%) 08 (80.0%) 10 (100%)

Total 46 (82.1%) 10 (17.9%) 56 (100%)

F = Fisher’s exact test
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rience in transperitoneal robotic assisted laparos-
copic radical prostatectomy (RALRP-TP) (14).

According to Mitre et al, high costs, lack 
of accessibility to training and reduced budgets 
are the biggest problems for the spread of robot 
technology in low-volume centers, especially in 
developing countries (17).

The best parameter to evaluate the oncolo-
gic efficacy is disease-free survival, but with the 
impossibility to assess this parameter due to short 
segments, the recurrent biochemical rate is the 
most appropriate way, and is directly associated 
with the PSM rate (18).

According to Guillonneau et al (5), the per-
centage of PSM only stabilized after 250 cases per-
formed in LRP, with an incidence of 22%. It was 
suggested that these results are due to the training 
in laparoscopy (19).

As oppose to the above study, our series with 
only 115 cases had the overall rate of PSM of 17.1%, 
with no significant difference between groups. 
Thus, the continuous learning in the extraperitoneal 
technique did not influence the oncological results 
obtained from surgical specimens. We also observed 
that most cases of PSM occurred in the pathological 
stage pT3 (73.4%). If we just analyze the cases of 
pT2 stage, we can see a very low PSM rate (8.3%), 
below the average of published data.

Similarly to our results, Mirandolino et al 
(6) reported that the PSM average obtained in cases 
under LRP was from 11%-26%.

In general, it is observed that during the LC, 
the perioperative results are lower than the ones ob-
served with large laparoscopic or RRP series. Such 
results begin to improve after the learning period, 

which happens around 10-80 cases (20, 21). Ho-
wever, the sufficient number of surgeries to bridge 
this period may be higher when the oncological and 
functional results are also evaluated. In the present 
study, the initial 40 cases performed by transperito-
neal access, were excluded to obtain two comparable 
and homogeneous groups, in which all the surgeries 
were performed by the same surgical technique, via 
the extraperitoneal access and by the same surgeon.

According to Leroy et al (22) the fellowship 
training in robotics, considerably improves the LC 
in the RALRP and that in the first 30 surgeries 
performed by the group in which there was trai-
ning, the PSM rate was significantly lower, 15% 
versus 34%. At the same time, Kown et al (23) 
demonstrated that the LC in robotics is extremely 
short, with only 25 procedures. On the other hand, 
Peters et al (24) reported that the PSM rate im-
proved significantly after performing 800 robotic 
surgeries. However, their LC only finished with the 
average of 1600 procedures, showing a PSM rate 
lower than 10%.

Novarra et al (25) reported the oncologi-
cal aspects related to RALRP technique in meta-
-analysis. In that article, the general average of 
PSM in RALRP was of 15%, and when stratified 
for the pT2 stage it was 9%. Despite the quality 
of the meta-analysis described above, Picozzi et 
al (26) found selectivity and the heading of some 
cases for treatment with robotic technology.

Alongside with the critics of Picozzi et al 
(26), an article entitled “PRLRA–fake innovation 
or the real deal?”, recently written by Albertsen 
(27), questions the indiscriminate use of robotics 
technology in detriment to the benefit on patients. 

Table 9 - Comparison of groups in relation to the final stage (only for patients with positive margins).

Final stage Total

pT2 pT3
N = 19

n = 8 n = 11

Group
1 6 (66.7%) 3 (33.3%) 9 (100%)

2 2 (20.0%) 8 (80.0%) 10 (100%)

p-value = 0.070 (Fisher’s exact test)
Through the result above, a statistical trend can be observed, (p<0.10) difference between the groups (80% vs. 33%).
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Emanuel (28) strongly criticizes the robotic techni-
que, and refers to RALRP as a “pseudo-innovation” 
and also, as “a technology that dramatically incre-
ases costs without providing increase in the health 
of patients.”

In our series, when we analyze the surgi-
cal performance data from both groups, we can 
verify that the average time to perform anastomo-
sis, the time for the urinary catheter removal and 
estimated blood loss were much lower in Group 2 
than in Group 1. These data suggest that there was 
a technical improvement during the course of time, 
reflecting the learning process of the extraperito-
neal technique. Even so, we found that the estimat-
ed bleeding rates for both groups were at the lower 
limit of the rates found in the literature, ranging 
from 201.5 to 1323mL in the ELRP and 69-534ml in 
the RALRP (29).

In our series there was no conversion to 
open surgery due to bleeding. All conversions oc-
curred due to technical difficulties, mainly because 
of obesity and retropubic adhesions, the latter being 
probably caused by the inflammatory process as-
sociated with the prostate biopsy. The creation of 
the physical space in the extraperitoneal access can 
be obtained to some technical difficulties in some 
cases. In this series specifically, there was one case 
in one patient during the creation of the retroperi-
toneal space, a tiny perforation in the peritoneal 
envelope. Therefore, the conversion to TLRP was 
necessary.

There were no cases of hypercarbia because 
the operative time was not too long (average of 
135.8 min.), probably due to the previous experi-
ence in TLRP procedures. Therefore, the learning 
curve is more difficult than in the TRLP technique, 
but gradually overcome with the previous experi-
ence in laparoscopy.

I believe that ELRP could be taught at resi-
dency or special programs for the urological com-
munity in Brazil.

Due to the retrospective nature of this study, it 
was not possible to properly assess functional aspects 
such as sexual potency and urinary incontinence.

In our study, there were rectal lesions in 
two cases, which were promptly corrected intra-
operatively.

Although the anastomosis was done with 
continuous suture, in two cases there were pro-
longed urinary extravasation through the drain. 
These complications were treated only with pro-
longed bladder catheterization (average length of 
14 days). In only one case, after the removal of the 
urinary catheter, the patient had urinary retention 
due to the localized edema in anastomosis.

Late complications presented in our study 
may be inherent to any surgical technique, by ei-
ther the open or laparoscopic technique.

CONCLUSION

It was observed during learning curve a 
significant reduction in the average time to per-
form the urethral-bladder anastomosis, the es-
timated blood loss and the removal time of the 
urinary catheter, seen in Group 2, that suggest 
that there was an improvement of the surgical 
technique with time. These data only reflect the 
surgeon’s learning process while using the ELRP.

There was no difference in early oncolo-
gical results during the technical evolution, when 
analyzing the ELRP technique.

ABBREVIATIONS

LRP = laparoscopic radical prostatectomy technique
ELRP = laparoscopic radical prostatectomy tech-
nique performed by extraperitoneal access
TLRP = laparoscopic radical prostatectomy tech-
nique performed by the transperitoneal access
RALRP-EX = robotic assisted laparoscopic radical 
prostatectomy extraperitoneal
RALRP-TP = robotic assisted laparoscopic radical 
prostatectomy transperitoneal
LC = learning curve
RRP = retropubic radical prostatectomy
PSA = prostate-specific antigen
PSM = positive surgical margins
ICM = index of corporal mass
SD = standard deviation
t - T = Student test
M = Mann-Whitney test
F = Fisher’s exact test
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Objective: To analyze the contribution of multiparametric MRI and PCA3 assay, pre- 
decision of initial biopsy in PSA level between 3-10 ng/mL patients with normal digital 
rectal examination(DRE).
Materials and Methods: PSA level 3-10 ng/mL ,patients, with normal DRE results and 
no previous prostate biopsy history, were included in this study. Each patient un-
derwent multiparametric MRI one week before biopsy. Urine sample taking for PCA3 
examination preceded the biopsy. Systematic and targeted biopsies were conducted.
Patients with high PSA levels were seperated into two groups as: high PCA3 scored and 
low PCA3 scored. Then each group was divided into two sub-groups as: MRI lesion 
positive and negative. Tumor incidence, positive predictive values(PPV) and negative 
predictive values(NPV) were calculated.
Results: 53 patients were included between February 2013 and March 2014.Mean age 
61.22 ± 1.06. Mean PSA value 5.13 ± 0.19 ng / mL. Mean PCA3 score 98.01 ± 23.13 
and mean prostate size was 48.96 ± 2.67 grams.
Fourty nine patients had both PCA3 score and multiparametric MRI. The PCA3’s PPV 
value was 58.33%. If multiparametric MRI lesions are added to high PCA3 scores , the 
PPV appears to elevate to 91.66%.
NPV of PCA3 was 96%. NPV was 95% when there was no lesion in the multiparametric 
MRI with low PCA3 scores. Sensitivity was 91.66% , specificity was 95% respectively.
Conclusion: Adding multimetric MRI can also support biopsy decision for patients with 
high PCA3 value. When PCA3 value is low, patients can be survailled without any need 
to take a MRI.
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Prostate; Magnetic Resonance 
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INTRODUCTION

Prostate cancer (CaP) is the most commonly 
diagnosed cancer in men (1). CaP diagnosis relies 
on prostate specific antigen (PSA), digital rectal 
examination (DRE) and transrectal ultrasonogra-

phy (TRUS). However, prostate is the only solid or-
gan on which biopsy is made without seeing the 
lesion. Thirty per cent of tumors can be missed with 
TRUS-guided biopsies (2). As some tumors are mis-
sed, some clinically insignificant tumors are also 
extra detected. To avoid these occurrences and to 
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increase the success rate, MRI is performed prior 
to the second biopsies and MRI guided biopsies 
are done according to lesions. Today, MRI eva-
luation is done before initial biopsies to increase 
this success (3). Although several MRI methods are 
used, the most sensitive and specific MRI method 
is multiparametric MRI which is a combination of 
several MRI methods (4). PCA3 is a non-coding 
mRNA which is isolated from initial urine after 
prostate massage (5). In studies after the identifi-
cation for the first time in 1999, it has been shown 
that PCA3 is superior to PSA for the presence of 
prostate cancer (6). Subsequently, it has been used 
used prior to the initial biopsy (7).

In our study, we investigated the collec-
tive benefits of PCA3 and multiparametric MRI 
for grey area patients whose DRE are normal and 
serum PSA values are between 3-10ng/mL before 
initial biopsy decision.

MATERIALS AND METHODS

The study was planned as a prospec-
tive and single-centered. Consent of the local 
ethics committee for this study was taken with 
B.30.2.IST.0.30.90.00/16077 numbered decree of 
Dean of the Cerrahpasa Faculty of Medicine Cli-
nical Research Ethics Committee in 8 June 2012. 
Serum PSA level 3-10ng/mL patients with normal 
digital rectal examination  scheduled for initial 
prostate biopsy were included in the study betwe-
en February 2013 and March 2014. Each patient 
underwent multiparametric MRI a week before 
biopsy. After 3-minute prostate massage 20-30mL 
initial urine sample for PCA3 examination were 
taken pre-biopsy.

Although biopsy was performed schema-
tically, additional cores were taken from lesions 
shown in the multiparametric MRI.

MRI STUDY

Each patient underwent multiparametric 
MRI evaluation one week before biopsy. Siemens 
Avanto 1.5 Tesla MRI equipment was used. T2 
sequence MRI, diffusion MRI, dynamic contrast-
-enhanced MRI and MRI spectroscopy were evalu-
ated in multiparametric MRI. Intensity loss regions 

in T2 sequence MRI, diffusion loss zones in diffu-
sion MRI, contrast involvement and after the ear-
ly wash-out common areas in dynamic contrast-
-enhanced MRI, (choline+creatine)/citrate>3SD 
(this ratio is above 0.86) regions in spectroscopic 
MRI were considered to be significant. Biopsies 
were directed to these regions, described and ac-
cepted as significant by at least two MRI methods 
and multiparametric MRI.

PCA3 STUDY

Initial 20-30cc urine sample after 3 minu-
tes prostatic massage was taken from each patient 
before the biopsy. Massage from lateral to medial 
and from baseline through the apex was conduc-
ted. After urine was centrifuged within 15 minu-
tes, supernatant section was discarded and RNA 
preservative was added for later work. The mix 
was stored at-80ºC. PCA3 study was done with 
real time  multiplex PCR posteriorly (PCA3 mRNA 
copy number/PSA mRNA copy number) X 1000 
formula was used for PCA3 score calculation (5).

Patients with high PSA levels were divi-
ded into two groups: with high PCA3 score and 
low PCA3 score. Then each group was divided into 
two groups: with MRI lesion positive and negati-
ve. Tumor incidence and positive predictive values 
for patients with high PSA, high PCA3 score and 
positive multiparametric MRI were calculated. Tu-
mor incidence and negative predictive values in 
patients with high PSA level and low PCA3 scores 
and negative multiparametric MRI lesions were 
calculated as well (Figure-1).

RESULTS

Fifty three patients were included in our 
survey conducted between February 2013 and 
March 2014. One patient’s only urine was sent for 
PCA3 study without MRI screening. Two patient’s 
urine wasn’t examined for PCA3, because the uri-
ne wasn’t taken to the laboratory within 15 minu-
tes and urine PCA3 RNA preservative could not be 
added. For one patient’s urine sample didn’t work 
in PCR, and it was disregarded for PCA3 study.

The mean age of patients was 61.22±1.06. 
The mean PSA value was 5.13±0.19ng/mL. The 
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mean PCA3 score was 98.01±23.13 and the mean 
prostate size was 48.96±2.67grams. Digital rectal 
examination did not reveal any abnormalities in 
any patient (Table-1).

Mean biopsy cores were 12.73±0.13. 
Prostate cancer was detected in 19 of 53 (35.8%) 
patients. Tumor detected mean cores was 
3.21±0.45. ASAP was found in two patients, Gle-
ason 3+3 PCa in thirteen patients and Gleason 
3+4 PCa in four patients. None of the patients 
had Gleason 4+3 or above tumor grade. Two pa-
tients’ second biopsy conducted after two mon-

ths was reported as benign, whose first biopsies 
were ASAP. As the second biopsies were benign, 
these two patient’s results were accepted as be-
nign for further evaluation.

Fifty patient’s urine samples were suitable 
for PCA3 evaluation. Prostate cancer was detected 
in 15 of them. PCA3 scores were over 35 in 25 
patients. In 14 (56%) of these 25 patients tumor 
was detected. PCA3 score was low in 25 patients. 
In 1 (4%) of these 25 patients, tumor was detected. 
Tumor of this patient was present in 1 core and 
Gleason score was 3+3.

Figure 1 - Study Diagram.

Table 1 - General Features.

Age ProstateVolume PSA PCA3

Mean 61.22 48.96 5.13 98.01

St Deviation 1.06 2.67 0.19 23.13

Median 62 45 5 37.28

St Deviation 7.73 19.47 1.45 163.6

Minimum 43 17 3 0

Maximum 79 93 8.9 1000
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In patients with high PCA3 score tumor 
detection rate was high and statistically signifi-
cant (p=0.0001) (Table-2).

In our survey PCA3’s sensitivity was 
93.33%, specificity 68.57% for the threshold of 
PCA3 of 35. PCA3’ s positive predictive value 
was 56%, and negative predictive value was 96%. 
PCA3 score was not related to prostate volume 
and patient’s age (Table-3).

PCA3 score was not significantly different 
between Gleason score 3+3 and 3+4 tumors (Ta-
ble-4).

Multiparametric MRI lesions were detec-
ted in 18 patients (when seen at least in two MRI 

they were accepted as multiparametric MRI le-
sion). Twelve tumors were screened in 18 lesions 
(66.6%). Twenty nine lesion negative patients 
among 34 had no tumor (85.2%).

Significantly more tumors were found in 
the MRI lesion positive patients than MRI lesion 
negative patients (p=0.0001) (Table-5). Sensitivity 
of multiparametric MRI was 70.58% and specifi-
city was 82.80%. Positive predictive values were 
calculated as 66.60% and negative predictive va-
lues were 85.2%.

Patients with both PCA3 score and multi-
parametric MRI available totaled 49. There were 24 
patients with high PCA3 scores. Fourteen of these 

Table 2 - Tumor Detection According to PCA3 Score.

Tumor Negative Tumor Positive P

PCA3
<35 24 1 25

0.0001
>35 11 14 25

Table 3 - Relationship Between PCA3 and Age and Prostate Volume.

R P

PCA3
Age 0.002 0.988

Prostate volume -0.018 0.904

Table 4 - Relationship Between PCA3 and Gleason Score.

Biopsy
Gleason

Count Mean Standard 
Deviation

p

PCA3
6 12 1.91 0.28

0.635
7 3 2 0

Table 5 - Comparison of Multiparametric MRI and Biopsy.

Multiparametric MRI
Lesion Tumor-

Multiparametric MRI 
Lesion Tumor+

Total p

Multiparametric MRI 
Lesion

Lesion- 29 5 34

0.0001Lesion+ 6 12 18

Total 35 17 52
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patients had tumors. Accordingly, the PCA3’s po-
sitive predictive value detected was 58.33%. Twel-
ve patients had both high PCA3 score and multi-
parametric MRI lesion and tumor was detected in 
11 of these. Our study revealed that if multipara-
metric MRI lesions are added to high PCA3 scores, 
the positive predictive value appears to increase 
to 91.66%.

There were 25 patients with normal PCA3 
scores and only one patient had tumor where-
as 24 patients didn’t. Accordingly, the negative 
predictive value of PCA3 was calculated as 96%. 
In 20 of these 25 patients, any MRI lesion was 
observed. Of these patients, tumor was detected 
in only one patient. Negative predictive value 
was calculated as 95% when no lesion existed in 
the multiparametric MRI with low PCA3 scores. 
Sensitivity was 91.66% and specificity was 95% 
respectively (Figure-2).

DISCUSSION

The systematic TRUS-guided prostate biop-
sy still continue to be the standard method when 
cancer is suspected (8). However, prostate biop-
sy is a procedure where can occur serious com-
plications such as urinary infections that can go 
to sepsis (9), rectal bleeding (10), catheterization 
requirement for retention (10). Also pre-biopsy 
anxiety affects the patients psychologically (11). 

On the other hand, decreasing PSA threshold 
when deciding on biopsy can increase the rates 
of clinically insignificant tumors (12). Therefore, 
biopsy decision should be taken more carefully 
and new diagnostic methods should be develo-
ped for the detection of tumors that are required 
to be treated.

Nowadays PCA3 is usually used to deci-
de on second biopsy in patients with continuous 
PSA elevation whose first biopsies were reported 
as benign (13). Considering the pre-biopsy anxiety 
and post-biopsy complications PCA3 is also used 
in making decision for the first biopsies (7). It was 
observed that PCA3 is significantly higher in pa-
tients with tumors at the Chevli’s 3073 first biop-
sy planned patients study. This study also showed 
that higher PCA3 scores were detected in patients 
with higher Gleason scores (7).

In our survey PCA3’s sensitivity was 
93.33% and specificity was 68.57% for the 
threshold of PCA3 35. PCA3’ s positive predictive 
value was 56%, and negative predictive value was 
96%. In the literature, it’s stated that sensitivity 
was 47-69%, and specificity ranged from 72 to 
79% (14, 15). In our study sensitivity was higher 
than literature, although specifity was slightly lo-
wer, but similar. Positive predictive value of our 
study was similar to 55% that Leyten and collea-
gues reported (16). PCA3 in this study performed 
better than in other studies.

Figure 2 - Diagram of the patients with high PSA level, have PCA3 value and multiparametric MRI.
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Also PCA3 wasn’t related with age and 
prostate volume (p=0.988, p=0.904). This can re-
present that PCA3 is superior to PSA. In our stu-
dy, detected tumor’s Gleason scores were 6 and 7. 
No difference was detected between the Gleason 
scores for PCA3 (p=0.823, p=0.635). There was 
also no difference between the high grade tumors 
and low grade tumors for PCA3 in Leyten and his 
colleague’s study (16). Unlike our study, Busetto 
and colleagues showed that patients with high-
-grade tumor had the higher PCA3 scores (13). In 
our study, a meaningful result could not be ob-
tained because of the low-risk group of patients 
evaluated and patients with Gleason score 6 and 7 
were in close proximity to clinical data.

MRI can be used in several areas of pros-
tate cancer diagnosis and treatment. MRI can be 
used in patients with ongoing high PSA whose 
previous biopsy resulted benign, before the second 
biopsy, to increase the success, to preoperative 
evaluation of the tumor relationship neurovascu-
lar bundles, radiotherapy planning, in focal treat-
ment planning, and for patients undergoing active 
surveillance (17).

In addition to these areas, today MRI is 
used before the initial biopsy decision to increase 
the biopsy success. Although various MRI methods 
are used, the most sensitive and specific method is 
multiparametric MRI which is a combination of 
several multiparametric MRI methods (4). In our 
study, significantly more tumor was determined 
in patients with multiparametric MRI lesion com-
pared to patients without multiparametric MRI le-
sion (p=0.0001). Multiparametric MRI’s sensitivity 
was 70.58%, specificity was 82.80%, positive pre-
dictive value was 66.60%, and negative predictive 
value was 85.2%. Multiparametric MRI was found 
to be most useful for detecting tumor in terms of 
the presence of multiparametric MRI lesions. Al-
though our findings in MRI were very little low 
compared to literature, they were similar to it. In 
the literature, multiparametric MRI’s sensitivity 
was 75%, and specificity was 94% for 0.2cc to 
larger lesions (18).

There is no study which determines com-
bined benefits of PCA3 score and multiparame-
tric MRI in this patient group in the literature. 
Fourty nine patients had both PCA3 score and 

multiparametric MRI available. There were 24 pa-
tients with high PCA3 score and fourteen of these 
patients (58.3%) had tumors. Twelve patients had 
both high PCA3 score and multiparametric MRI 
lesion. Tumor was detected in 11 of 12 patients. 
Our study showed that if multiparametric MRI le-
sions are added to high PCA3 scores, the positive 
predictive value appears to increase to 91.66%. 
There were 25 patients with a normal PCA3 sco-
re. Of these 25 patients, only one patient had tu-
mor. Accordingly, the negative predictive value of 
PCA3 was calculated as 96%. Fradet and colle-
agues stated that PCA3 positive predictive value 
was 75% and negative predictive value 84% (19). 
In Tinzl and colleague’s study positive predictive 
value was 67% and negative predictive value was 
87% (20). Hessels et al. found the negative predic-
tive value of 90% in their evaluation by PCR (21). 
In our study, the negative predictive value was hi-
gher than in literature. Because MRI lesions were 
low in patients with low PCA3 score, systemic 
biopsies were taken in this patient group. Some 
tumors could have been missed in this patient 
group. In conclusion, the importance of pre-biop-
sy MRI evaluation for targeted biopsy is emerging.

No lesion was observed in MRI of 20 of 
25 patients with normal PCA3 score. Among these 
patients, tumor was detected only in one patient. 
Negative predictive value was calculated 95% (no 
lesion in multiparametric MRI with low PCA3 sco-
res). Sensitivity was 91.66% and specificity 95%.

Our study revealed that using only PSA 
score for tumor detection, accuracy rate is 35.9%, 
but this rate raised to 58.33% by adding PCA3. 
PCA3 score, along with multiparametric MRI fin-
dings, elevated this rate to 91.66%. Likewise, in 
this study we observed that NPV was calculated as 
96% using the PCA3 score (<35). There wasn’t any 
increase in the NPV when we added absence of 
lesions in the multiparametric MRI. Thus, our data 
suggest that when patient’s PCA3 is low (<35), we 
can affirm there is no tumor with 96% of accuracy 
without MRI study.

CONCLUSIONS

In patients with PSA level between 3-10ng/
mL and normal DRE, PCA3 score and multipara-
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metric MRI seems to provide additional contribu-
tions to first biopsy decision for the detection of 
prostate cancer. When these methods and appro-
aches are combined used, PPV is significantly in-
creased for predicting tumor presence.
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Purpose: To describe our initial experience with radiofrequency ablation (RFA) of Bos-
niak IV renal cysts.
Materials and Methods: From 2010 to 2014, 154 renal tumor cases were treated with 
percutaneous thermal ablation, of which 10 cases (6.4%) from nine patients were com-
plex renal cysts and were treated with radiofrequency ablation.
Results: All complex cysts were classified as Bosniak IV (four women and five men; 
mean age: 63.6 yrs, range: 33–83 years). One patient had a single kidney. Lesion size 
ranged from 1.5 to 4.1cm (mean: 2.5cm) and biopsy was performed on four cysts 
immediately before the procedure, all of which were malignant (two clear cell and 
two papillary carcinoma). Mean volume reduction of complex cysts was 25% (range: 
10–40%). No patients required retreatment with RFA and no immediate or late compli-
cations were observed. The follow-up of Bosniak IV cysts had a median of 27 months 
(interquartile range [IQR], 23 to 38) and no recurrence or significant loss of renal 
function were observed.
Conclusions: Mid-term follow-up of the cases in our database suggests that image-
-guided percutaneous RFA can treat Bosniak IV cysts with very low complication rates 
and satisfactorily maintain renal function.
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INTRODUCTION

Renal cell carcinoma (RCC) is the third 
most common malignancy of the genitourinary 
tract and accounts for approximately 3% of all 
cancers in adults. The incidence and mortality ra-
tes of RCC have increased over the past years (1) 
and approximately 15% of RCC cases are cystic 
(2). The incidental diagnosis of renal cysts has be-

come more common as the use of advanced cross-
-sectional imaging techniques increases, and be-
cause some of these cysts are highly suspicious 
for malignancy, they must be excised based on the 
Bosniak classification.

The Bosniak classification of renal cysts 
classifies cysts as either benign or potentially ma-
lignant (complex) and is widely used to assist cli-
nical decisions (3). Nephron-sparing approaches 
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such as partial nephrectomy, tumor enucleation, 
and percutaneous ablation (e.g., cryoablation, ra-
diofrequency, and microwave ablation) are viable 
options to treat these tumors while preserving re-
nal function and lowering the risk of cardiovascu-
lar events and overall mortality (4).

A retrospective study that compared perio-
perative, renal functional, and oncologic outco-
mes of renal cryoablation and partial nephrectomy 
reported that postoperative glomerular filtration 
rate (GFR) was 6% lower than preoperative GFR 
in the percutaneous cryoablation group and 13% 
lower in the partial nephrectomy group. Additio-
nally, this difference persisted in the multivariate 
analysis, but cryoablation was associated with an 
increased recurrence risk (5).

Percutaneous thermal ablation is an effi-
cient and safe procedure for the treatment of small 
solid renal tumors (6-8), but there are two ma-
jor drawbacks when treating renal cystic tumors: 
the possible risk of spreading tumor cells to ad-
jacent tissues and the uncertainty of whether the 
procedure is effective over the entire lesion. For 
instance, radiofrequency ablation (RFA), in whi-
ch alternating electrical current is converted into 
resistive heat until temperatures rise to cytotoxic 
levels (50–60ºC), has been well documented for 
the treatment of benign liver and thyroid cystic 
lesions (9-11).

However, few studies have investigated the 
use of RFA for the treatment of suspected malig-
nant renal cysts with only short- or medium-term 
follow-up after RFA (12, 13).

This study describes our experience with 
RFA of Bosniak IV cysts with an emphasis on its 
feasibility, safety, and local control.

MATERIALS AND METHODS

After institutional review board approval, 
we assessed our radiological database and all 
Bosniak IV cyst cases treated with percutaneous 
radiofrequency ablation (RFA) were retrospecti-
vely analyzed.

Percutaneous RFA procedures were perfor-
med in an interventional suite with CT (computer 
tomography) fluoroscopy capabilities under gene-
ral endotracheal anesthesia using a Cool-Tip 200-

W RF generator (Covidien, Mansfield, Massachuset-
ts, USA) with single (ACT1530/ACT2030) or cluster 
(ACC1525) 17-gauge needle RF electrode kits.

In four cases, biopsies were conducted im-
mediately before RFA under CT guidance, which 
was essential for the radiologist to position the ne-
edle inside the solid component or the septa of the 
lesion. An on-site pathologist confirmed that the 
biopsy had been adequately performed and that a 
sufficient amount of cells had been collected.

Prior to needle insertion, the point of entry, 
safe trajectory, and end position of the needle were 
planned with the aid of CT and the percutaneous 
electrode was placed inside the tumor with need-
le progression guided by real-time CT fluoroscopy. 
RFA energy was applied for 12min. Overlapping 
sessions were required to encompass the entire vo-
lume of the lesion with a safety margin and a CT 
scan was performed immediately after RFA to as-
sess potential immediate complications.

Patients were evaluated with magnetic reso-
nance imaging (MRI) or CT three, six, and 12 mon-
ths after the procedure, and annually thereafter, to 
identify residual tumor and tumor recurrence. Tre-
atment success was based on post-ablation axial 
imaging: increased attenuation in non-enhanced 
CT, reduced ablation zone size, and no enhance-
ment on enhanced CT (<10HU) or MRI (<15% signal 
increase) were indicative of a successful ablation. 
Recurrence was defined as postablation enhance-
ment in the ablation zone or enhancement growth 
on subsequent follow-up imaging.

The Clavien-Dindo classification (14) 
was used to report and grade the possible im-
mediate or late complications. The immediate 
complications were evaluated in the CT ima-
ges performed immediately after the procedure 
in all patients, and the late complications were 
analyzed by CT scan or MRI performed in the 
first 6 months after the ablation.

RESULTS

From 2010 to 2014, percutaneous ther-
mal ablation was performed in 154 renal tumor 
cases. Of these, 10 renal cysts (6.4%) from nine 
patients were Bosniak IV (four women and five 
men; mean age: 63.6 yrs, range: 33–83 years) 
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and were treated with radiofrequency ablation 
(RFA), and one was from a single kidney pa-
tient; other comorbidities are summarized in 
Table-1.

Lesion size ranged from 1.5 to 4.1cm 
(mean: 2.5cm) and biopsies were performed on 
four cysts, all of which were malignant (two cle-
ar cell and two papillary carcinomas). The others 
were treated based on the risk of malignancy of 
Bosniak IV lesions.

The location of the lesions are summarized 
in Table-2. Six of them were localized in places 
with risk of complications due to their proximity 
(distance <3cm) with other organs such as liver, 
lung or bowel, and the hydrodissection was nee-
ded and then performed. After the procedure, no 
complications were found.

The follow-up of Bosniak IV renal cysts 
had a median of 27 months (interquartile range 
[IQR], 23 to 38).

Table 1 - Patient’s age and comorbidities submitted to radiofrequency ablation.

Patient Age Gender Comorbidities Histology

1 60 Female none unknown

2 83 Male colon cancer unknown

3 33 Female none unknown

4 66 Female Stroke Papillary carcinoma

68 Female Stroke unknown

5 64 Female none Clear cell carcinoma

6 48 Male Chronic liver disease unknown

7 72 Male Colon cancer unknown

8 75 Male none Papillary carcinoma

9 64 Male Single kidney Clear cell carcinoma

Table 2 - Characteristics of the Bosniak IV cysts, with location and risk of adjacent organs injury.

Lesion/Size (cm) Location* Organ with risk of injury (distance <3cm) Complications

A (3.0cm) Exofitic (P/S) Adrenal and pancreas 0

B (1.8cm) Central (A/M) Coletor system 0

C (1.5cm) Peripheral not exofitic (A/S) Liver 0

D (2.0cm) Exofitic (AL/I) Colon 0

E (4.1cm) Exofitic (L/M) Liver 0

F (3.0cm) Exofitic (L/M) Colon 0

G (2.8cm) Exofitic (L/MI) - 0

H (1.9cm) Exofitic (P/S) - 0

I (3.3cm) Exofitic (P/S) - 0

J (1.8cm) Exofitic (P/I) - 0

*P = posterior; A = anterior; L = lateral; S = superior; M = middle; I = inferior.
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A reduction in tumor size was observed 
in all Bosniak IV cyst cases immediately after the 
first RFA session (Figure-1). Mean volume reduc-
tion was 25% (range: 10–40%).

The procedure was successful in all cases, 
with CT revealing no lesion enhancement in the 
ablation zone immediately after the RFA, indica-
ting that there was no residual tumor. No patients 
required a second RFA and no immediate or late 
complications were observed in this cohort.

The creatinine serum levels of each patient 
before and after the procedure were retrospective-
ly assessed and the estimative of the glomerular 
filtration rate (GFR) was done using the Modifi-
cation of Diet in Renal Disease (MDRD) formula. 

There was an mean variation of 10mL/min (range: 
1.3–20.7) of the GFR, and no patients displayed a 
decrease in renal function.

Patients were evaluated with cross-sec-
tional exams (contrast-enhanced CT or MRI) af-
ter the procedure, and no recurrence was found 
(Figure-2).

DISCUSSION

This study describes our experience with 
percutaneous RFA of Bosniak IV renal cysts with 
an emphasis on its feasibility, safety, and local 
control. We showed that the procedure was effec-
tive for the treatment of Bosniak IV renal cysts. 

Figure 1 – (a-d) Tomographic images of radiofrequency ablation of Bosniak IV cystic lesion. CT without intravenous contrast 
(a) and post contrast (b) shows the hypoattenuation lesion in the left kidney and the exophytic cortical cyst in the upper third 
of the left kidney, containing thick internal septa that enhances after contrast. Non-enhanced CT (c) shows the positioning of 
the cluster needle in the axial plane. Enhanced-CT (d) immediately after the ablation shows the volumetric reduction of the 
lesion and the margins obtained after contrast injection, confirming proper treatment during the procedure.

aA

C

B

D
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The success rate of RFA was 100%, which was 
confi rmed by a lack of enhancement on CT and 
MRI scans of the treated areas within the median 
follow-up time of 27 months (interquartile ran-
ge [IQR], 23 to 38). Our fi ndings are in line with 
previous case reports and preliminary studies (12, 
13, 15).

Even though Bosniak III and IV complex 
renal cysts are uncommon renal tumors, they are 

an important subgroup due to their risk of malig-
nancy, which ranges from 16–100% and 90–100%, 
respectively (16). The current standard of care for 
both Bosniak III and IV lesions is surgical treat-
ment. Because of their indolent growth and ove-
rall early detection, they have a better prognosis 
than solid tumors, and thus a more conservative 
approach to their treatment has been advocated. 
Even though ablative therapies for the treatment 

figure 2 – (a-g) 48-years old man with a Bosniak Iv lesion. Coronal T2-weighted (a), Coronal T1-weighted gradient echo axial 
MRI sequences with fat suppression (b) and coronal subtraction image (postcontrast arterial phase data - precontrast data) 
(c) show a cystic renal mass with thickened enhancing septa and a small solid component. Coronal T1-weighted gradient 
echo axial MRI sequences with fat suppression (d) performed immediately after the procedure show complete ablation of 
cystic lesion and no measurable enhancement within ablation zone. Axial subtraction image (postcontrast arterial phase 
data - precontrast data) (e) three months after the procedure show no enhancement and no recurrent of the neoplasm. 
Axial T2-weighted (f) and axial subtraction image (postcontrast arterial phase data - precontrast data) (g) 3 years after the 
procedure show ablation changes in the right kidney, without residual enhancement to suggest recurrent neoplasm.

A B

D

f
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g
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Table 3 - RFA of cystic renal lesions to date.

Study Patients Tumors Biopsy
Size 
(cm)

Follow-up 
(months)

Efficacy Major Complications

Park et al. 2008 (13) 9 14 0 2.5 8 100% 0

Allen et al. 2013 (12) 38 40
90% (60% 

cancer)
2.3 32 100% 1 (pulmonary edema)

Felker et al. 2013 (15) 16 23 100% 3.1 24 91% 0

Current, 2014 9 10
40% (100% 

cancer)
2.5 29 100% 0

of small solid renal tumors are accepted options, 
cystic renal lesion ablation has been restricted to 
a few case series (12, 13).

The ablative treatment of Bosniak IV cysts 
is a minimally-invasive procedure that has not 
been yet associated with major complications to 
the best of our knowledge, and it leads to preser-
vation of the renal parenchyma.

Among 10 Bosniak IV cysts of our stu-
dy, four were histologically proven to be renal 
cell carcinomas (two clear cell subtypes and two 
papillary subtypes). Some theoretical questions 
about the treatment of Bosniak IV renal cysts still 
remain unanswered, especially the concern about 
neoplastic implants and cyst rupture caused by 
biopsies and therapeutic punctures. Anecdotal ca-
ses of implants related to biopsy of solid lesions 
have been reported, but there are no studies to 
date of cystic lesion implants after percutaneous 
biopsies or RFA treatments. We biopsied four le-
sions that proved to be malignant and found no 
neoplastic implants at follow-up. Felker et al. (15) 
also reported no neoplastic implants related to 
biopsy or treatment of 23 cystic neoplastic lesions 
during a 24-month follow-up period.

There were no procedure-related compli-
cations, showing that percutaneous RFA is a safe 
method, especially in selected cases. In our sample, 
almost all cases were classified as clinical stage T1a 
tumors, and most were predominantly exophytic, 
with a safe distance to the collector system and in 
polar location. Although there is no adequate infor-
mation on the selection criteria for RFA mentioned 
above, previous studies have not reported clinically 
relevant complications either (12, 13, 15).

All biopsies and RFA procedures in our 
study were done under CT fluoroscopy. We believe 
that CT provides good visual control of the proce-
dure. Additionally, needle trajectory was planned 
and controlled with Multiplan views. The radio-
logist was able to identify and prevent possible 
complications by planning the best access and 
performing hydrodisplacement of bowel or other 
structures when those were adjacent to the renal 
lesion. This supports the use of CT guidance over 
other imaging modalities such as ultrasound.

Needle positioning was CT-guided, which 
enabled three-dimensional visualization of the le-
sion. Thus, the interventional radiologist was able 
to plan the needle trajectory, detect possible inju-
ries in adjacent structures, and prevent complica-
tions such as lesions in intestinal or vascular lo-
ops. Because no acute or late complications were 
observed in our sample, the success rate of RFA 
can be partly attributed to CT-planning.

To our knowledge, only three retrospective 
series evaluated percutaneous RFA for the treat-
ment of renal cysts, and only one included just 
biopsy-proven malignant cystic disease (Table-3) 
(12, 13, 15).

The procedure was successful in all cases, 
with no lesion enhancement in the ablation zone 
on CT immediately after percutaneous RFA and 
on follow-up CT or MR exams, indicating that 
there was no residual tumor after the median of 
27-months follow-up.

In our study, we found a shrink of tumor 
size in all Bosniak IV cyst cases with the mean 
volume reduction of approximately 25% in all 
lesions immediately after the RFA procedure. 
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Because there was no recurrence during the follow-
up period, the mean volume reduction could be 
used as an intraoperative measure of treatment 
success. Nevertheless, a larger sample and more 
studies are needed to support this finding.

Although the “heat sink effect” caused by 
undesired RF energy dispersion is less frequent in 
small cystic lesions and more evident in large, hi-
ghly vascularized tissues, it represents one of the 
most important limitations of the RFA technique. 
In our sample, we treated small lesions (diameter: 
1.5–4.1cm; mean: 2.5cm) and our results were not 
affected by this limitation. Interestingly, microwa-
ve ablation (MWA) may minimize thermal disper-
sion and reduce the “heat sink effect”, resulting 
in a positive outcome in larger cystic lesions, but 
only a single study to date has investigated the 
efficacy of MWA in only seven cystic renal le-
sions, which was not enough to adequately assess 
the efficacy of MWA (16).

The relatively small sample size, interme-
diate follow-up time and selection biases due to 
the retrospective series are limitations of our stu-
dy. However, even though more comprehensive 
studies are needed to support the effectiveness of 
RFA for the treatment of Bosniak IV renal lesions, 
its efficacy and safety in our study were similar to 
those reported in the few studies available.

Another limitation of our study was the 
percentage of lesions submitted to biopsy prior to 
the RFA (40%). However, the technical difficulties 
of performing percutaneous biopsies of predomi-
nantly cystic lesions should be considered, be-
cause some lesions have a small solid component 
where the needle should be positioned for collec-
ting material for pathological analysis. Moreover, 
even if no malignant cells are found in the biopsy, 
Bosniak IV renal cysts still can be excised based 
on the presumed risk of malignancy based on the 
Bosniak classification (17), and based on the fact 
that there are still few studies that demonstra-
te the negative predictive value of the biopsy of 
Bosniak IV renal cysts (18). Additionally, if the 
lesion is not excised after biopsy, follow-up is 
compromised because of parenchymal distortion 
and changes in cyst density and signal on CT 
and MRI, respectively. The other Bosniak IV cysts 
were not biopsied and therapeutic indication was 

supported by presumed malignancy based on the 
Bosniak classification.

In conclusion, despite the limitations of 
our study, the results suggest that image-guided 
percutaneous RFA can properly treat Bosniak IV 
renal cysts with very low complication rates and 
satisfactorily maintain renal function.
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Introduction: The use of multi-parametric (MP) MRI to diagnose prostate cancer has 
been the subject of intense research, with many studies showing positive results. The 
purpose of our study is to better understand the accessibility, role, and perceived accu-
racy of MP-MRI in practice by surveying practicing urologists.
Materials and Methods: Surveys were sent to 7,400 practicing American Urological 
Association member physicians with a current email address. The survey asked demo-
graphic information and addressed access, accuracy, cost, and role of prostate MRI in 
clinical practice.
Results: Our survey elicited 276 responses. Respondents felt that limited access and 
prohibitive cost of MP-MRI limits its use, 72% and 59% respectively. Academic uro-
logists ordered more MP-MRI studies per year than those in private practice (43.3% 
vs. 21.1%; p<0.001). Urologists who performed more than 30 prostatectomies a year 
were more likely to feel that an MP-MRI would change their surgical approach (37.5% 
vs. 19.6%, p-value=0.002). Only 25% of respondents agreed or strongly agreed that 
MP-MRI should be used in active surveillance. For patients with negative biopsies and 
elevated PSA, 39% reported MP-MRI to be very useful.
Conclusions: Our study found that MP-MRI use is most prominent among practitioners 
who are oncology fellowship-trained, practice at academic centers, and perform more 
than 30 prostatectomies per year. Limited access and prohibitive cost of MP-MRI may 
limit its utility in practice. Additionally, study participants perceive a lack of accuracy 
of MP-MRI, which is contrary to the recent literature.
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INTRODUCTION

Prostate cancer is the second leading cause 
of cancer-related death in men, claiming almost 
30.000 lives in 2013 (1). It is a heterogeneous di-
sease with differences in biological aggressive-
ness, and the natural history of prostate cancer 
is highly variable from patient to patient. It has 
been shown that over half of those diagnosed with 

prostate cancer will die of other causes (2). In li-
ght of the United Service Preventative Task Force 
recommendation against the use of prostate speci-
fic antigen (PSA) for cancer screening, as well as 
several studies demonstrating no survival advan-
tage with aggressive treatment, there has been a 
growing interest in the use of active surveillance 
in prostate cancer management (3). As the treat-
ment algorithm for prostate cancer continues to 
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evolve, there has been increased emphasis on the 
use of multi-parametric magnetic resonance ima-
ging (MP-MRI) to aid in the diagnosis and mana-
gement of prostate cancer, especially within the 
active surveillance population.

MRI provides high-resolution anatomic de-
tail via T2 weighted images and allows for functio-
nal assessment of the prostate. Dynamic contrast 
enhanced imaging measures the vascularity of tu-
mors, and the vascular nature of prostate cancer 
shows both increased uptake and washout of gado-
linium contrast when given intravenously (4). Di-
ffusion weighted imagining measures the diffusion 
of water through tissue, causing prostate cancer 
to exhibits reduced diffusion compared to normal 
prostate tissue due to its densely packed cells.

Despite demonstration of the benefit wi-
thin the literature, MP-MRI has been slow to gain 
widespread acceptance (5). The practice patterns, 
experience, and attitudes of American urologists 
regarding the use of MRI in the management of 
prostate cancer have not been previously exami-
ned. The goal of our study is to characterize the 
opinions amongst current American urologists 
concerning the role of MP-MRI in prostate cancer 
management.

MATERIALS AND METHODS

This study was reviewed and approved by 
the Institution Review Board at Washington Univer-
sity. A web-based survey consisting of twenty ques-
tions was developed and sent electronically to 7,400 
current American Urological Association (AUA) 
members. All survey participants were practicing 
urologic physicians in the United States had current 
email addresses as of September 01, 2013. An initial 
email with a brief explanation of the study and an 
invitation to complete the survey was sent on Sep-
tember 12, 2013, and a reminder email for those who 
had yet to complete the survey was sent on Sep-
tember 25, 2013. Respondents were not required to 
answer all questions for submission of their survey. 
Each email was embedded with a personalized link 
to ensure that each respondent could only submit a 
single survey, and all responses were confidential.

Each survey was de-identified and respon-
ses were collected using our institutional RedCap 

electronic data-capturing tool (6). Survey ques-
tions addressing practitioner demographics inclu-
ded: how many years since finishing residency, 
post-residency training, proximity to nearest ter-
tiary care center, structure of medical practice, 
practice setting, and number of prostatectomies 
performed yearly. Questions addressing practitio-
ner opinion of MP-MRI included: evidence in lite-
rature supporting MP-MRI, reliability of the results 
of MP-MRI, and accuracy of MP-MRI measured by 
correlation between MP-MRI results and positive 
biopsies/final pathology after prostatectomy.

Categorical responses to survey questions 
were assessed using Chi-square test of indepen-
dence analysis and Fisher’s exact test. Continuous 
variables were compared with the Student’s t-test, 
and statistical analyses were two-sided using a 
significance of 0.05.

RESULTS

Our survey elicited 276 (3.8%) responses 
from practicing AUA member physicians. Unfortu-
nately, not all participants answered every survey 
question. The demographics that were obtained 
from the survey question can be found in Table-1. 
Overall, a majority of survey participants reported 
ordering 1-10 MP-MRIs a year to evaluate prostate 
cancer. Forty-two percent of respondents agreed 
that there was adequate evidence within the lite-
rature supporting the use of MP-MRI in localized 
prostate cancer (114/272), 31% disagreed (84/272), 
and 27% could not decide (74/272). A summary of 
survey responses can be found in Table-2.

Access
When respondents were stratified by 

their type of practice, there was a statistically 
significant increase in the reported number of 
MP-MRIs ordered by physicians who practice in 
an academic setting compared those who do not 
(>11 MP-MRIs/year, 43% versus 21% p=0.0001). 
Eighty-nine percent of respondents endorsed 
having local access (less than 1hr) to facilities with 
MP-MRI capabilities (245/276). However, when all 
respondents were asked if they felt that access to 
qualified imaging centers and radiologists limited 
their use of MP-MRI, 72% of respondents agreed or 
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strongly agreed (192/268). When asked if the cost 
of MP-MRI was prohibitive for its use, 59% of all 
respondents agreed or strongly agreed (156/263).

Role of MRI
Overall, 34% of respondents reported using 

MP-MRI targeted biopsies, either ultrasound fu-

Table 1 - Survey Demographics.

How many years since you finished residency? Total = 276

0-5 years 54 (19.5%)

6-10 years 39 (14.1%)

11-20 years 77 (27.8%)

21-30 years 77 (27.8%)

Over 31 years 29 (10.5%)

What training, if any, did you complete after residency? Total = 274

None 159 (58%)

Minimal Invasive/Endourology Fellowship 21 (7.7%)

Oncology Fellowship 66 (24.1%)

Reconstructive Fellowship 9 (3.3%)

Other 19 (6.9%)

Approximately how close is the nearest tertiary care center to your practice? Total = 276

I primarily practice at a tertiary care center 134 (48.6%)

Less than 1 hour 95 (34.4%)

Less than 2 hours 32 (11.6%)

Less than 3 hours 5 (1.8%)

More than 3 hours 10 (3.6%)

What type of practice do you work in primarily? Total = 276

Private Group or Solo 164 (59.2%)

Academic 91 (32.9%)

Government (VA, Military service, National Health Service) 7 (2.5%)

Other 15 (5.4%)

What type of setting do you practice in? Total = 276

Urban 151 (54.7%)

Suburban 103 (37.2%)

Rural 22 (8%)

On average, how many prostatectomies do you preform yearly for Prostate cancer? Total = 275

Under 10 105 (38.2%)

30-Oct 85 (30.9%)

30-100 71 (25.8%)

Over 100 14 (5.1%)

sion or cognitive techniques (91/270). When these 
responses were stratified by fellowship training, 
we found that respondents with oncology fello-
wship training performed significantly more MP-
-MRI targeted biopsies compared to those who did 
not (44.6% versus 30.1%, p=0.032). In our sur-
vey, 38% of all respondents found MP-MRI to be 
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Table 2 - Survey Responses.

There is adequate evidence supporting the use of MP-MRI to manage localized prostate cancer. Total = 272

Agree 114 (42%)

Disagree 84 (31%)

Can not decide 74 (27%)

Access to MP-MRI limits my ability to use it in my practice. Total = 268

Agree/Strongly agree 192 (72%)

Disagree/Strongly disagree 76 (28%)

The high cost of MP-MRI is prohibitive for its use. Total = 263

Agree/Strongly agree 156 (59%)

Disagree/Strongly disagree 107 (41%)

MR-MPI guided biopsies are utilized in my practice. Total = 270

Agree 91 (34%)

Disagree 179 (66%)

MP-MRI is helpful in patients with elevated PSA/abnormal prostate exam prior to biopsy. Total = 270

Agree/Strongly agree 102 (38%)

Disagree/Strongly disagree 168 (62%)

MP-MRI is helpful in patients with negative biopsy and abnormal PSA/prostate exam. Total = 225

Agree/Strongly agree 88 (39%)

Disagree/Strongly disagree 137 (61%)

MP-MRI is useful prior to definitive treatment with prostatectomy or radiation. Total = 225

Agree/Strongly agree 32 (14%)

Disagree/Strongly disagree 193 (86%)

MP-MRI changes my treatment approach of intermediate/high risk prostate cancer. Total = 253

Sometimes/often 66 (26%)

Rarely/never 187 (74%)

MP-MRI should be used in all patients for active surveillance. Total = 276

Agree/Strongly agree 69 (25%)

Disagree/Strongly disagree 207 (75%)

How often do MP-MRI guided biopsies turn out to be positive? Total = 233

Often/Very often 65 (28%)

Sometimes 77 (33%)

Rarely/Never 91 (39%)

How closely do MP-MRI results correlate with final pathology after prostatectomy? Total = 233

Strong correlation 26 (11%)

Moderate correlation 145 (62%)

Weak correlation 46 (20%)

No correlation 16 (7%)
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helpful in a patient with an elevated PSA or ab-
normal prostate exam prior to biopsy (102/270). 
When these responses where stratified by fello-
wship training, we found 48.2% of respondents 
with oncology training found MP-MRI somewhat 
or very helpful in this situation compared to 
33.5% of respondents without oncology training. 
This difference was found to be trending towards 
significance with a p value of 0.057.

In patients with a negative biopsy and an 
elevated PSA/abnormal prostate exam, 39% of all 
respondents reported MP-MRI to be very helpful 
(88/225). Fourteen percent of respondents repor-
ted MP-MRI to be very useful when utilized prior 
to definitive treatment with either prostatectomy 
or radiation (32/225). In patients with intermedia-
te or high risk prostate cancer who appear to be 
candidates for a nerve sparing prostatectomy, 26% 
of respondents report that getting an MP-MRI will 
sometimes or often change their surgical approa-
ch to a non-nerve sparing prostatectomy (66/253). 
When stratified based on average number of pros-
tatectomies performed per year (<30 versus >30); 
we found that surgeons who perform more than 
30 prostatectomies per year are more likely to 
change their surgical approach based on MP-MRI 
than those who perform less than 30/year (37% 
versus 20%, p=0.002).

Regarding the use of MP-MRI in active 
surveillance, 25% of all respondents agreed that 
it should be used in all patients (69/276). When 
asked if MP-MRI should be used to evaluate pa-
tients for active surveillance, 30.7% of respon-
dents who were 10 years or less out of residency 
reported MP-MRI to be very helpful compared to 
24.8% of respondents 11 years or more out of re-
sidency (30/98 versus 45/183).

Accuracy
When asked approximately what propor-

tion of patients with positive MP-MRI findin-
gs who subsequently undergo MP-MRI targeted 
prostate biopsies are found to have biopsies po-
sitive for prostate cancer, 28% reported positive 
biopsies “often” or “very often” (65/233), 33% re-
ported positive biopsies “sometimes” (77/233), and 
39% reported positive biopsies “rarely” or “never” 
(91/233). Similarly, when asked about how closely 

respondents find MP-MRI results to correlate with 
final pathology after prostatectomy, 11% reported 
strong correlation (26/233), 62% reported mo-
derate correlation (145/233), 20% reported weak 
correlation (46/233), and 7% reported no correla-
tion (16/233).

DISCUSSION

The use of multi-parametric (MP-MRI) to 
diagnose prostate cancer has been the subject of 
intense research, with many studies showing po-
sitive results. To our knowledge, no other studies 
have attempted to better understand the acces-
sibility, role, and perceived accuracy of MP-MRI 
in practice by surveying practicing urologists. 
We found practicing in an academic center to be 
strongly associated with increased use of MP-MRI 
(p=0.0001), which is likely due to a combination 
of increased access, familiarly with recent litera-
ture, and interdisciplinary efforts within academic 
institutions.

Access
There is very little within the literature 

evaluating practitioner access to MP-MRI, parti-
cularly outside academic centers. While 89% of 
our respondents reported to be within one hour 
of a facility with MP-MRI capabilities, 72% still 
felt that their use of MP-MRI was limited by lack 
of access. While the exact reasons for this discre-
pancy could not be gleaned from the survey data, 
causes may relate to perceived lack of quality 
in the MP-MRI provided, difficulty with patient 
scheduling, or lack of strong multi-disciplinary 
relationship with radiologists.

Another possible reason that MP-MRI has 
been slow to gain wide spread popularity is that 
many (59% within our study) feel that the cost of 
these studies is prohibitive, and that issues sur-
rounding insurance reimbursement negate the 
perceived value of the study. As the presence of 
MP-MRI becomes stronger in national and inter-
national management guidelines, insurance ap-
proval and payment for these studies may become 
more streamlined (7-9). Likewise, as the guidelines 
for active surveillance continue to evolve, MP-
-MRI may be incorporated into these algorithms, 
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which will support this study as a reimbursable 
indication.

Role
The use of MP-MRI in the management 

of prostate cancer has gained a lot of attention 
in recent literature; however, the appropriate 
use in clinical practice has not yet been establi-
shed. Despite the growing body of evidence su-
pporting the use of MP-MRI guided biopsies in 
lieu of saturation biopsies, many of our respon-
dents did not echo this sediment. We found that 
only 42% of respondents felt that the current 
literature provided evidence for some role for 
MP-MRI in localized prostate cancer patients, 
while 31% disagreed and 27% could not decide. 
These results further prove the level of contro-
versy surrounding MP-MRI.

MP-MRI can be used to provide guidan-
ce for tissue sampling either directly, via a cog-
nitive approach, or through fusion software. MP-
-MRI guided biopsies have been shown to upgrade 
Gleason grade and detect otherwise undiagnosed 
anterior gland tumors in a significant number of 
patients (10-13). Despite this, only 34% of respon-
dents reported using MP-MRI guided biopsies in 
their clinical practice. However, level of training 
was found to be associated with an increased use 
of MP-MRI guided biopsies. Completion of an on-
cology fellowship resulted in statistically signifi-
cant increases in usage (p=0.032), and completion 
of any urologic fellowship also trended towards 
a significant increase (p=0.057). While this may 
be in part due to the fact that many of these uro-
logists practice at academic centers, these results 
suggest that further training and education on 
MP-MRI guided biopsies may be useful to guide 
practice.

In intermediate or high-risk prostate can-
cer patients who appear to be candidates for a ner-
ve sparing prostatectomy, MP-MRI can be helpful 
for surgical planning (14-15). Of our respondents, 
38% found MP-MRI to be helpful when used in this 
capacity. We also found those urologists who re-
ported doing more than 30 prostatectomies a year 
used MP-MRI for surgical or treatment planning 
at a higher frequency compared to their collea-
gues (p=0.002). It is possible that urologists with 

more operative experience may have increased 
expertise and familiarity with MP-MRI. It is also 
possible that they handle more complex cases, re-
quiring the use of additional imaging modalities.

It has also been proposed to incorporate 
MP-MRI into active surveillance protocols (16-17). 
While the majority of current evidence suggests a 
benefit to its incorporation, there have been some 
studies that failed to demonstrate an improvement 
in the stratification of patients (18-19). In our stu-
dy, only 25% of all respondents agreed or strongly 
agreed that MP-MRI should be used in all patients 
on active surveillance. In patients with a previous 
negative biopsy and a rising PSA or abnormal DRE 
there are several studies that have found MP-MRI 
to be helpful and this has been incorporated in to 
many current guidelines (7-9, 20-21). Despite this, 
only 39% of respondents in our study agreed that 
MP-MRI was helpful or very helpful for these pa-
tients. Reasons for this disconnect may be related 
to the dissemination of this information to practi-
cing urologists or perceived poor performance of 
MRI in practice.

Accuracy
While several studies have shown the high 

accuracy of MP-MRI, respondents seemed to lar-
gely express skepticism (13, 22-23). There were 
a large proportion of respondents who felt that 
MP-MRI was relatively inaccurate, with moderate-
-poor correlation with pathology and little posi-
tive impact on patient care. While the reason for 
these opinions was not elucidated in our study, 
this negative impression of MP-MRI may reflect 
differences in local radiologist and pathologist 
ability to interpret and correlate MP-MRI findings. 
It is well accepted that achieving accurate radiolo-
gy-pathology correlation with MP-MRI findings is 
challenging, and it has been suggested that stan-
dardization of protocols is the best way to overco-
me these challenges (24-25). The European Society 
for Urogenital Radiology has developed guidelines 
to standardize reporting and acquisition of pros-
tate MRIs, named the Prostate Imaging Reporting 
and Diagnostic System (PI-RADS) (8). Unfortuna-
tely, this system has not been universally adop-
ted in the United States. Further standardization 
may help to ensure that the use of MP-MRI in the 
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community mirrors the same accuracy and pro-
vides the same patient benefits as those reported 
in the literature. As urologists are able to master 
this learning curve, one would expect accuracy to 
improve.

There are several limitations to our stu-
dy. The response rate of only 3.8% is clearly less 
than ideal, and it would have been preferable if all 
respondents had answered every survey question. 
Never the less, with 276 respondents exhibiting 
a wide range of demographics, we feel that the 
responses provide an adequate sample size. The 
survey was designed to provide data that could be 
easily analyzed, yet multiple choice answers carry 
the risk of being leading. It might be anticipated 
that the survey would have promoted a bias to-
ward MP-MRI, yet the results indicate otherwise. 
Further directions for research include a survey 
administered to a large number of practitioners 
across different vendor platforms and in various 
institutional settings. Also, it would be helpful to 
obtain insight into why practitioners chose their 
various answers, would could be accomplished 
with a more in-depth amended to include the op-
tion for free response.

CONCLUSION

Prostate MRI has been shown within the li-
terature to be a highly useful diagnostic tool. Ho-
wever, our study indicates a relatively low level of 
support for the use of MP-MRI in clinical practice. 
This indicates the need for improved education, 
access, and standardization of treatment recom-
mendations to address the challenges of imple-
menting this new technology into practice. Further 
research is needed to confirm the favorable results 
of MP-MRI across different vendor platforms, in 
various institutional settings, and using available 
radiologic-pathologic correlation.

ABBREVIATIONS

PSA = Prostate Specific Antigen
MP-MRI = multi-parametric magnetic resonance 
imaging
AUA = American Urological Association
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Abstract: Purpose:To evaluate the effect of ejaculation on serum prostate-specific anti-
gen (PSA) concentrations in patients with lower urinary tract symptom (LUTS). 
Materials and Methods: Our study includes 98 men (62 study and 36 control). After 
three days of sexual abstinence, blood samples were drawn for the measurement of 
baseline PSA levels. Then the patients were told to ejaculate. One, 5, 24 and 72 hours 
after ejaculation, serum total (tPSA), free (fPSA) and complexed PSA (cPSA) levels were 
measured. Serum PSA sampling was performed at the same intervals in the control 
group without ejaculation. 
Results: The mean age in study and control groups patients were 59.03±0.99 years, 
61.14±1.30 years, respectively. In the study group, changes in tPSA and fPSA levels 
after ejaculation were found statistically significant while changes in cPSA levels and 
f/tPSA ratios were not significant (p=0.016, p=0.0003, p=0.176, and p=0.173, res-
pectively). Baseline values showed significant differences with 1st and 5th hours. No 
significant changes in tPSA, fPSA, cPSA levels and f/tPSA values were found in con-
trol group (p=0.223, p=0.224, p=0.444, and p=0.718, respectively). The changes in the 
number of patients exceeding the cutoff values after ejaculation were not statistically 
significant for tPSA, cPSA, and f/tPSA ratio.
Conclusions: In this study, ejaculation increased tPSA and fPSA concentrations but 
it didn’t have a significant effect on serum cPSA levels and f/tPSA ratios. However, 
recent ejaculation may affect the biopsy indication at least near cut off PSA values. 
Further studies are needed to explain the mechanisms of alterations in the concentra-
tion of PSA.
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INTRODUCTION

Prostate-specific antigen (PSA) is a serine 
protease produced by epithelial cells of the pros-
tate and it is involved in the liquefaction of semi-
nal fluid. PSA has been widely used as a tumor 
marker in the screening and follow-up of prostate 
cancer (1). In serum, PSA exists in different mole-
cular forms, being predominantly complexed with 
a1-antichymotrypsin (ACT) and a2-macroglobulin 

(A2M). The form of PSA which forms complexes 
with A2M remains undetectable because of the 
nature of the macroglobulin molecule. The major 
form which is bound to ACT is known as comple-
xed PSA (cPSA) and the smaller unbound portion 
as free PSA (fPSA) cPSA and fPSA represent the 
main fraction of total PSA (tPSA) (2) cPSA is the 
dominant form in prostate cancer, whereas fPSA 
represents a bigger fraction in patients with be-
nign prostatic hyperplasia.
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The tPSA assay has low specificity for 
prostate cancer detection. Several approaches, 
such as those employing PSA density, PSA ve-
locity, age-specific reference ranges, fPSA: tPSA 
ratio and cPSA, have been introduced to improve 
the diagnostic efficiency of serum PSA measu-
rements. Similar results are obtained with cPSA 
compared to the fPSA: tPSA ratio, but the former 
process measures a single analyse instead of two, 
which is an economic advantage.

Since serum PSA measurement plays such 
a crucial role in the workup and management of 
prostate cancer, any urologic intervention that 
can cause PSA elevation has to be identified. It 
has been well documented that various diagnos-
tic and therapeutic procedures causing elevations 
of serum PSA levels have been documented (3, 
4). Also several studies have looked at the effect 
of ejaculation on the serum tPSA, and fPSA le-
vels (5-16). However, no data have been avai-
lable on the effect of ejaculation on the serum 
cPSA levels.

To examine this issue further, we con-
ducted a prospective clinical study in order to 
evaluate the effects of ejaculation on serum PSA 
concentrations and possible contribution on cli-
nical decision in patients with lower urinary tract 
symptom (LUTS).

MATERIALS AND METHODS

Between June 2012 and May 2014, 140 
male patients over 45 years of age who presented 
to our outpatient clinic for the first time with 
LUTS were screened. The International Prostate 
Symptom Score (IPSS), digital rectal examina-
tion, prostate volume and post void residual uri-
ne (PVR) volume measurement using suprapubic 
ultrasonography, uroflowmetry, urinalysis and 
culture were performed in all patients. Patients 
with a history of prostatic surgery, prostatic ne-
edle biopsy, prostate cancer, and those taking 
alpha-reductase inhibitors were excluded from 
the study. Patients with urethral catheters, ure-
thral stricture, acute urinary tract infection, or 
urinary retention were also not included. A total 
of 42 (30%) patients (entry criteria not met by 
25 patients, patient decision in 12 patients, and 

physician decision in 5 patients) were excluded 
from the study.

Remaining 98 sexually active hetero-
sexual men (mean age 60.58±0.85 years) were 
included in this study. Sixty two of them mas-
turbated and constituted the study group and 36 
men who didn’t accept masturbation were taken 
as the control group. This study was approved 
by the Hospital Ethics Committee (Approval no. 
15.05.2012-06). Written informed consent was 
obtained from all participants before enrolment.

All participating patients were instructed 
to abstain from ejaculation for 3 days preceding 
blood sampling. Blood samples were drawn by 
venipuncture from all men at 9-10a.m. for mea-
surement of the baseline PSA values. Then six-
ty two men in the study group masturbated. The 
presence of semen in a specimen container con-
firmed the ejaculatory event. Controls experien-
ced no ejaculation during the study period. Re-
peated blood samples were taken from all men at 
1st, 5th, 24th, and 72th hours after ejaculation. The-
re was no further ejaculation during this period.

All serum samples were separated within 
2 hours for analysis of the PSA forms and stored 
at -20ºC according to the manufacturer’s recom-
mendations. All measurements were held in one 
run to exclude any between-run variations. Le-
vels of tPSA and fPSA were measured on Immu-
lite 2000 (Siemens, USA) and cPSA on ADVIA-
-Centaur (Bayer Diagnostics, Germany) analysers 
by chemiluminescense technology. Analytical 
coefficient of variation (CV) for tPSA, fPSA, 
and cPSA assays were 2.59%, 3.26%, and 3.0% 
respectively. Cut-off values for tPSA, cPSA and 
the fPSA: tPSA ratios were defined as ≤2.5ng/
mL, ≤2.3ng/mL, and ≥0.25, respectively (17-19). 
Change in PSA values before and after ejacula-
tion was given as ‘percentage of change’ (∆%) 
(Difference between timely measurement with 
basal level/basal level x 100).

Data are presented as mean±standard er-
ror of mean (SEM). Statistical calculations were 
performed using the paired and unpaired t-tests, 
ANOVA, Tukey post-test analysis, McNemar’s 
tests, and Pearson correlation analysis using 
Prizm 5.0 (GraphPad Software, USA). p<0.05 was 
considered significant.
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RESULTS

The mean age of study and control group 
were 59.03±0.99 years and 61.14±1.30 years, re-
spectively (p=0.203). The mean±SEM values for 
patient age, IPSS, prostate volume, maximal urine 
flow rate (Qmax), PVR, and baseline PSA forms are 
presented in Table-1. No statistically significant dif-
ferences were found for any of the parameters be-
tween two groups (Table-1).

The mean values of all PSA forms at base-
line (zero), 1st, 5th, 24th and 72th hours’ time points 
of study and control groups are presented in Fig-

ure-1. In study group, comparing to baseline lev-
els, tPSA, fPSA, and cPSA concentrations seemed 
to increase progressively beginning from the first 
hour, changes exceeding the analytical CV’s of 
the tests, and turn to baseline levels after 24th 
hour. This increase of tPSA and fPSA levels were 
also statistically significant (p=0.016, p=0.0003, 
respectively), but of cPSA was not (p=0.176). In 
post-test analysis, tPSA and fPSA, on both 1st and 
5thhours values showed statistically significant 
differences from baseline values (Figure-1).

In control group, comparing to baseline lev-
els tPSA, fPSA, and cPSA seemed to increase during 

Table 1 - Baseline characteristics of the patients.

Variable Study group (n= 62) Control group (n=36) p*

Age (years) 59.03±0.99 61.14±1.30 0.203

IPSS 12.46±0.97 14.11±1.06 0.267

PV (mL) 54.40±3.76 60.06±5.65 0.388

Qmax (mL/s) 14.80±0.58 13.23±0.89 0.122

PVR (mL) 33.79±5.68 40.56±6.82 0.453

tPSA (ng/mL) 3.46±0.54 3.52±0.52 0.937

fPSA (ng/mL) 0.96±0.15 0.99±0.15 0.908

fPSA/tPSA ratio 0.29±0.01 0.28±0.00 0.538

cPSA (ng/mL) 2.63±0.42 2.82±0.45 0.775

(Mean ± SEM) *Unpaired t test. (IPSS = International Prostate Symptom Score; PV = prostate volume; Qmax = peak flow rate; PVR = postvoid residual urine volume; 
tPSA = total prostate-specific antigen; fPSA = free PSA; cPSA = complexed PSA). 

Figure 1 - The mean values of PSA forms at baseline (zero), 1st, 5th, 24th and 72th hours’ time points of study (A) and control 
(B) groups. (Mean±SEM) (tPSA=total prostate-specific antigen; fPSA=free PSA; cPSA=complexed PSA).

A B
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the first hours and all PSA forms turned to basal 
levels after the 5th hour. But the magnitude of these 
changes was within the analytical CV’s of tests. 
Hence none of them were statistically significant 
(p=0.223, p=0.224, and p=0.444, respectively).

When study and control groups were com-
pared, a statistically significant difference was de-
tected between ∆% 1st hour and ∆% 5th hour val-
ues of total and free PSA (p<0.05). However, there 
weren’t any significant differences between ∆% 
24th hour and ∆% 72th hour values (p>0.05). ∆% 
cPSA values didn’t differ significantly from each 
other at any time points (p>0.05) (Table-2).

The number of patients exceeding the cut-
off points of tPSA, f/tPSA ratio, and cPSA before 
and after ejaculation is shown in Table-3. In the 
study and control groups, the changes in the num-
ber of patients exceeding the cut-off values after 
ejaculation were not statistically significant for 
tPSA, cPSA, and f/tPSA ratio (Table-3).

In our study, prostate volumes of study 
group showed significant correlation with ∆% val-
ues of 5thhour for both tPSA (p=0.003, r=0.381) and 
fPSA (p=0.005, r=0.364). Also a significant corre-
lation was detected between baseline PSA levels 
and % values of 5th hour for both tPSA (p=0.0002, 
r=0.452) and fPSA (p=0, 0003, r=0.443). We did 
not detect any correlation between the patient age 
and ∆% values of total and free PSA.

DISCUSSION

Although PSA is thought to be the best 
marker for detecting early prostate cancer, its low 
specificity comprises problem. In order to increase 
diagnostic efficiency, it’s important to know and 
avoid the conditions causing PSA elevations other 
than prostate cancer.

Ejaculation has been claimed to be one of 
the factors which might increase PSA values, and 
its effect was evaluated in some studies (5-16), but 
recent studies are lacking. Also, majority of these 
studies examined the effect of ejaculation on se-
rum tPSA. To our knowledge, there is only one 
published human study about fPSA, and no study 
about cPSA levels. In this study about fPSA, Her-
schman et al. found increases in fPSA after ejacu-
lation (12). Our study confirms their finding.

These studies investigating the effect of 
ejaculation on total and fPSA levels, with differ-
ent conclusions, are summarized in Table-4. Re-
searchers reported conflicting data showing in-
creased (10-12, 16), unchanged (5, 7-9, 13-15), 
or decreased (6) levels of tPSA after ejaculation. 
However, in studies which reported PSA decreased 
or unchanged, sample collection time intervals af-
ter ejaculation is too long for detection of early 
PSA elevations we observed during first hours. 
Thus these studies seem to miss the detection of 

Table 2 - The mean %∆ PSA values for study and control groups.

%∆1st hour %∆5th hour %∆24th hour %∆ 72th hour

Study group tPSA 10.52±1.64 7.86±1.77 1.53±1.66 1.49±1.76

Control group tPSA 1.69±1.08 -0.19±1.21 2.00±5.82 -3.00±2.66

p* 0.0002 0.0018 0.9238 0.1469

Study group fPSA 9.91±3.00 8.82±2.01 1.12±1.63 -4.06±1.71

Control group fPSA 1.25±1.05 -0.14±1.16 1.44±5.74 -3.22±2.64

p* 0.0338 0.0018 0.9483 0.7798

Study group  cPSA 4.26±2.08 4.68±1.77 1.72±2.22 2.84±2.50

Control group cPSA 2.57±2.24 1.54±2.47 0.47±2.59 -0.91±3.17

p* 0.6000 0.2948 0.7239 0.3601

(Mean ± SEM). (tPSA = total prostate-specific antigen; fPSA = free PSA; cPSA = complexed PSA). *Unpaired t test.
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Table 3 - Number of patients exceeding cut off points for tPSA, f/tPSA ratio, and cPSA before and after ejaculation.

tPSA>2.5 ng/mL fPSA/tPSA<0.25 cPSA>2.3 ng/mL

Study Group 
(n=62)
n  (%)

Control Group 
(n=36)
n  (%)

Study Group 
(n=62)
n  (%)

Control Group 
(n=36)
n  (%)

Study Group 
(n=62)
n  (%)

Control Group 
(n=36)  
n  (%)

Before 26 (41.9) 23 (63.9) 15 (24.2) 14 (38.9) 22 (35.5) 17 (42.7)

1. hour 26 (41.9) 23 (63.9) 13 (20.9) 13 (36.1) 22 (35.5) 18 (50.0)

5. hour 27 (43.5) 23 (63.9) 11 (17.7) 14 (38.9) 22 (35.5) 16 (44.4)

24. hour 27 (43.5) 22 (61.1) 10 (16.1) 15 (41.7) 23 (37.1) 17 (42.7)

72. hour 26 (41.9) 23 (63.9) 11 (17.7) 15 (41.7) 23 (37.1) 17 (42.7)

*p 0.480 †/‡/§;1.000 ¶ 0.480 †/¶; 0.617 ‡/§ 0.617 †/‡; 1.000 §/¶ 0.480 †/‡/§/¶ 0.480 †/‡/§/¶ 0.480 †/‡/§/¶

*McNemar’s test; †basal vs. 1hour; ‡basal vs. 5hour; §basal vs. 24hours; ¶ basal vs. 72hours (tPSA=total prostate-specific antigen; fPSA=free PSA; 
cPSA=complexed PSA)

Table 4 - Summary of previous reports of the effect of ejaculation on the forms of PSA. 

Reference n PSA Time of  Blood Sampling Findings

Glenski et al. (5) 30 (study) Total Before and 17.5-28.8 hour after 
ejaculation.

Ejaculation has an insignificant effect on 
serum PSA values.

Simak et al. (6) 18 (study)
 3 (control)

Total Before and 1, 7 days after 
ejaculation.

PSA decreased after ejaculation

McAleer et al. (7) 35  (study) 
81 (control)

Total Before and mean 14.6 hour after 
ejaculation.

Ejaculation has an insignificant effect on 
serum PSA values.

Kirkali et al. (8) 18 (study) Total Before and 5 consecutive days 
after ejaculation.

Ejaculation has an insignificant effect on 
serum PSA values.

Netto et al. (9) 40 (study) 
10 (control)

Total Before and 1, 7. days after 
ejaculation.

Ejaculation has an insignificant effect on 
serum PSA values.

Tchetgen et al. (10) 64 (study) Total Before and 1, 6, 24, 48 hours 
after ejaculation.

PSA significantly increased after 
ejaculation up to 48 hours.

Zisman et al. (11) 18 (study)         
16 (control)

Total Before and 1 hour after 
ejaculation.

PSA significantly increased after 
ejaculation.

Herschman et al. (12) 20 (study) Total 
and  free

Before and 1, 6, 24 hours after 
ejaculation.

Both tPSA and fPSA significantly 
increased after ejaculation up to24 hours. 

Heindreich et al. (13) 100 (study) Total Before and 1, 24 hours after 
ejaculation.

Ejaculation has an insignificant effect on 
serum PSA values.

Yavasçaoglu et al. (14) 25 (study)
20 (control)

Total Before and 1, 5 days after 
ejaculation.

Ejaculation has an insignificant effect on 
serum PSA values.

Stenner et al. (15) 89 (study) Total Before and mean10.18 hour after 
ejaculation.

Ejaculation has an insignificant effect on 
serum PSA values.

Rajaei et al. (16) 60 (study) Total Before and 1, 24 hours after 
ejaculation.

PSA significantly increased within 1 hour 
after ejaculation. 
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PSA increase. Some of the reported differences 
may have been due to population biases owing 
to the small groups of patients studied (6, 8, 11, 
12). Five of the studies included control group 
(6, 7, 9, 11, 14). Only six of them were done 
with men over 45 years of age that is proposed 
for prostate cancer screening (7, 9, 10, 12, 15, 
16). Also, the evaluation of ejaculation, sample 
timing, and PSA measurement methods vary 
importantly among studies. This variability 
causes difficulties in interpretation. Our study 
includes control group, tPSA, fPSA and cPSA 
as parameters, and regular sampling times for 
both groups after ejaculation as different from 
previous studies. Additionally, our study is the 
first to report the effects of ejaculation on se-
rum cPSA levels in human beings (Table-4).

In the study group, the serum levels of 
all forms of PSA increased at 1st hour after ejac-
ulation and returned to baseline at 24th hours. 
Ejaculation induced a more pronounced in-
crease in tPSA (10.5%) than in fPSA (9.9%) and 
in cPSA (4.3%). These increases were statisti-
cally significant for tPSA and fPSA. A statisti-
cally significant increase in the control group 
was not detected in any form of PSA. In this 
case we can say that serum PSA levels increase 
after ejaculation. Indeed, some studies have 
confirmed this result (10-12, 16).

In our study, we found a statistically sig-
nificant increase of tPSA and fPSA after ejacu-
lation in the study group; but not in the control 
group. In contrast to other PSA forms, less and 
insignificant cPSA elevations were observed af-
ter ejaculation. Changes in the number of pa-
tients exceeding the cut-off values after ejacu-
lation were also not statistically significant for 
tPSA, cPSA, and f/tPSA ratio. This situation, 
although not statistically significant, should be 
expected to be of clinical significance in indi-
vidual patients close to the threshold levels.

We consider that increase in tPSA lev-
els after ejaculation may be due to the increase 
in fPSA levels. The site of cPSA formation is 
controversial; it may be in the prostate gland, 
or in the circulation (20). In vitro studies sus-

tain that complex formation of fPSA with ACT 
lasts longer than that with α2 macroglobulin 
(21). Insignificant variation of cPSA levels after 
ejaculation may be explained with kinetics of 
serum PSA isoforms.

The effect of ejaculation on serum PSA 
forms might be different in various prostat-
ic diseases as BPH, prostate carcinoma, and 
chronic prostatitis. We did not investigate this 
this issue in this study. This may be the limita-
tion of our study.

The prostate volume and baseline PSA 
concentration were found as factors affecting 
serum PSA levels after ejaculation. Elevation of 
PSA levels after ejaculation is greater in patients 
with a larger prostate volume and higher baseline 
PSA values. However, the change in serum PSA 
after ejaculation was independent of the patient’s 
age. Tchetgen et al. found that declining to basal 
levels after ejaculation take longer in older pa-
tients and in patients with higher baseline PSA 
levels (10). Benign prostatic hyperplasia causing 
ductal obstruction, acinar dilatation, and secre-
tion retention besides membrane weakness and 
thus disturbed barrier permeability can cause 
PSA leakage during ejaculation (10). Additionally, 
pelvic muscle and periprostatic contractions can 
cause PSA passage into circulation (15). Studies 
showing PSA increases in elderly or patients with 
BPH supports the mechanism of hyperplastic tis-
sue compression and barrier disturbance.

CONCLUSIONS

In this study, ejaculation increased tPSA 
and fPSA concentrations but it didn’t have a sig-
nificant effect on serum cPSA levels. However, 
increase of cPSA and decrease f/tPSA ratio after 
ejaculation may cause some patients to exceed 
corresponding cut-off levels, although not statis-
tically significant. Therefore, sexual abstinence 
should be advised for 24 hours before any PSA 
measurement to avoid nonspecific interpretations 
of serum PSA levels. Further research is needed 
to explain the mechanism of alterations in the 
concentrations of PSA.



ibju | Ejaculation and PSA

478

CONFLICT OF INTEREST

None declared.

REFERENCES

1.	 Wang MC, Valenzuela LA, Murphy GP, Chu TM. Purification of a 
human prostate specific antigen. Invest Urol. 1979;17:159-63.

2.	 Allard WJ, Cheli CD, Morris DL, Goldblatt J, Pierre Y, Kish L, 
et al. Multicenter evaluation of the performance and clinical 
utility in longitudinal monitoring of the Bayer Immuno 1 
complexed PSA assay. Int J Biol Markers. 1999;14:73-83.

3.	 Bunting PS. A guide to the interpretation of serum prostate 
specific antigen levels. Clin Biochem. 1995;28:221-41.

4.	 Klein LT, Lowe FC. The effects of prostatic manipulation 
on prostate-specific antigen levels. Urol Clin North Am. 
1997;24:293-7.

5.	 Glenski WJ, Klee GG, Bergstralh EJ, Oesterling JE. Prostate-
specific antigen: establishment of the reference range for the 
clinically normal prostate gland and the effect of digital rectal 
examination, ejaculation, and time on sérum concentrations. 
Prostate. 1992;21:99-110.

6.	 Simak R, Madersbacher S, Zhang ZF, Maier U. The impact 
of ejaculation on sérum prostate specific antigen. J Urol. 
1993;150:895-7.

7.	 McAleer JK, Gerson LW, McMahon D, Geller L. Effect of digital 
rectal examination (and ejaculation) on serum prostate-
specific antigen after twenty-four hours. A randomized, 
prospective study. Urology. 1993;41:111-2.

8.	 Kirkali Z, Kirkali G, Esen A. Effect of ejaculation on prostate-
specific antigen levels in normal men. Eur Urol. 1995;27:292-4.

9.	 Netto NR Jr, Apuzzo F, de Andrade E, Srulzon GB, Cortado 
PL, Lima ML. The effects of ejaculation on serum prostate 
specific antigen. J Urol. 1996;155:1329-31.

10.	 Tchetgen MB, Song JT, Strawderman M, Jacobsen SJ, 
Oesterling JE. Ejaculation increases the serum prostate-
specific antigen concentration. Urology. 1996;47:511-6.

11.	 Zisman A, Soffer Y, Siegel YI, Paz A, Lindner A. Postejaculation 
sérum prostate-specific antigen level. Eur Urol. 1997;32:54-7.

12.	 Herschman JD, Smith DS, Catalona WJ. Effect of 
ejaculation on serum total and free prostate-specific antigen 
concentrations. Urology. 1997;50:239-43.

13.	 Heidenreich A, Vorreuther R, Neubauer S, Westphal J, 
Engelmann UH, Moul JW. The influence of ejaculation 
on serum levels of prostate specific antigen. J Urol. 
1997;157:209-11.

14.	 Yavasçaoglu I, Savci V, Oktay B, Simsek U, Ozyurt M. The 
effects of ejaculation on serum prostate-specific antigen 
(PSA). Int Urol Nephrol. 1998;30:53-8.

15.	 Stenner J, Holthaus K, Mackenzie SH, Crawford ED. The 
effect of ejaculation on prostate-specific antigen in a prostate 
cancer-screening population. Urology. 1998;51:455-9.

16.	 Rajaei M, Momeni A, Kheiri S, Ghaheri H. Effect of ejaculation 
on sérum prostate specific antigen level in screening and 
non-screening population. J Res Med Sci. 2013;18:387-90.

17.	 Catalona WJ, Smith DS, Ornstein DK. Prostate cancer 
detection in men with serum PSA concentrations of 2.6 to 
4.0 ng/mL and benign prostate examination. Enhancement 
of specificity with free PSA measurements. JAMA. 
1997;277:1452-5.

18.	 Okihara K, Fritsche HA, Ayala A, Johnston DA, Allard WJ, 
Babaian RJ. Can complexed prostate specific antigen and 
prostatic volume enhance prostate cancer detection in men 
with total prostate specific antigen between 2.5 and 4.0 ng./
mL. J Urol. 2001;165:1930-6.

19.	 Catalona WJ, Partin AW, Slawin KM, Brawer MK, Flanigan 
RC, Patel A, et al. Use of the percentage of free prostate-
specific antigen to enhance differentiation of prostate cancer 
from benign prostatic disease: a prospective multicenter 
clinical trial. JAMA. 1998;279:1542-7.

20.	 Kilic S, Yalcinkaya S, Guntekin E, Kukul E, Deger N, Sevuk 
M. Determination of the site of metabolism of total, free, and 
complexed prostate-specific antigen. Urology. 1998;52:470-3.

21.	 Leinonen J, Zhang WM, Stenman UH. Complex formation 
between PSA isoenzymes and protease inhibitors. J Urol. 
1996;155:1099-103.

_______________________
Correspondence address:

Fatih Tarhan, MD
Zümrütevler Mahellesi. Nil Caddesi.Yasemin Sokak

Danispark Sitesi C Blok 12
34852 Maltepe/Istanbul, Turkey

Fax: + 90 216 383-3193
E-mail: tarhanf@yahoo.com



ORIGINAL ARTICLE

479

A prospective multicenter European study on flexible 
ureterorenoscopy for the management of renal stone
_______________________________________________
Francesco Berardinelli 1, Silvia Proietti 2, Luca Cindolo 1, Fabrizio Pellegrini 1, Roberto Peschechera 2, 
Hennessey Derek 3, Orietta Dalpiaz 4, Luigi Schips 1, Guido Giusti 2

1 Dipartimento di Urologia, “S. Pio da Pietrelcina ‘’ Hospital, Vasto (CH), Italia; 2 Centro di pietra presso il 
Dipartimento di Urologia, Humanitas centro clinico e di ricerca, Rozzano, Italia; 3 Department of Urology, 
Craigavon Area Hospital, Portadown (UK); 4 Urologische Klinik, Medizinische Universität Graz, Austria

ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Purpose: The aim of this study was to describe the outcomes and the complications of 
retrograde intrarenal surgery (RIRS) for renal stones in a multi-institutional working 
group.
Materials and Methods: From 2012 to 2014, we conducted a prospective study in-
cluding all RIRS performed for kidney stones in 4 European centers. Demographic 
information, disease characteristics, and perioperative and postoperative data were 
gathered. Patients and stone data, procedure characteristics, results and safety outco-
mes were analyzed and compared by descriptive statistics. Complications were reported 
using the standardized Clavien system.
Results: Three hundred and fifty-six patients underwent 377 RIRS with holmium laser 
lithotripsy for renal stones. The RIRS was completed in all patients with a mean opera-
tive time of 63.5 min. The stone-free status was confirmed endoscopically and through 
fluoroscopic imaging after the first procedure in 73.6%. The second procedure was 
performed in twenty patients (5.6%) achieving an overall stone free rate of 78.9%. The 
overall complication rate was 15.1%. Intra-operative and post-operative complications 
were seen in 24 (6.7%) and 30 (8.4%) cases, respectively.
Conclusions: RIRS is a minimally invasive procedure with good results in terms of 
stone-free and complications rate.
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INTRODUCTION

The management of kidney stones has 
evolved radically over the years. Previously, ex-
tracorporeal shockwave lithotripsy (SWL) and per-
cutaneous nephrolithotomy (PCNL) were the pre-
ferred treatment modalities for renal calculi. The 
impressive technologic improvement in endosco-
pic flexible equipment with the recent advent of 
digital technology made ureteroscopic approach 
to kidney calculi evolve from a mere diagnostic 

tool to a real operative procedure capable to treat 
the vast majority of renal stone.

Several studies have demonstrated the ad-
vantages and high success rates of PCNL in the 
management of larger renal stones. However, expe-
riences with RIRS have revealed comparable stone 
free rate (SFR) with less risk of renal damage and 
bleeding (1). Recently, it has been demonstrated 
that retrograde intrarenal surgery (RIRS) can be a 
good management option for mid-sized stones be-
tween 2 to 4cm (2, 3) and in special circumstances 
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such as pregnancy, anatomic malformations or 
coagulopathy and solitary kidney (4, 5) although 
it still not is the standard of care.

In 2013, the European Association of 
Urology’s (EAU) Guidelines on Urolithiasis for the 
first time listed RIRS as a viable treatment option 
for all kidney stones, including stones larger than 
2cm in diameter, in experienced hands in high-
-volume centers (6). It is noteworthy, that for sto-
nes smaller than 2cm, SWL is no longer considered 
mandatory as first approach so that indications to 
RIRS have massively been broadened.

However, RIRS is associated with some 
disadvantages being the possible need for sta-
ged procedures one of the major. Secondly, risk 
of ureteral injuries and the costs of acquisition 
and maintenance of the complex endourological 
armamentarium are other concerns that might 
have been limited the capillary diffusion of this 
endoscopic procedure (7). Herein we describe a 
multi-center prospectively study of RIRS for re-
nal stones whose aim is to highlight the clinical 
outcomes with particular attention to the compli-
cations rate.

MATERIALS AND METHODS

Clinical Data
A prospective study of all patients who 

underwent RIRS for kidney stone disease in four 
European referral centers was performed from 
2012 to 2014. Data were recorded prospectively 
on each patient. Patient data obtained included: 
age, sex, body mass index (BMI), history and phy-
sical examination findings, specific comorbidities, 
American Society of Anesthesiologists (ASA) class 
risk. The stone parameters evaluated were: the 
number of stones, stone location, previous treat-
ments for stone, stone diameters and stone com-
position. Double-J stent preoperatively, congenital 
renal anomalies (pelvi-ureteric junction obstruc-
tion, horseshoe kidney), anticoagulant therapy 
were evaluated.

Stone location was classified as renal pel-
vis/ureteropyelic junction, superior/middle/infe-
rior major calyces and multiple caliceal location. 
The preoperative assessment included non-con-
trast computed tomography (CT) or KUB (kidney-

-ureter-bladder) plain radiograph and renal ultra-
sound (US).

An antibiotic therapy, either as prophylaxis 
with cephalosporin or fluoroquinolone or adapted 
5 days antibiotic therapy in patients with an intra-
operative positive urine culture was administered. 
Informed consent was obtained from all patients, 
and the possible need for a staged procedure in 
order to obtain satisfactory stone clearance was 
mentioned. Exclusion criteria were as follows: 
pregnancy and cachexia.

Operative and Postoperative Data
The operative time was defined as the time 

that passed from insertion into the urethra of the 
cystoscope/semirigid ureteroscope for introducing 
the guidewire to the completion of ureteral stent 
placement. All the RIRS were performed using di-
fferent types of flexible ureteroscopes: Flex-X2 
or Flex-XC (Karl Storz Endoscope, Germany), the 
URF‑P5 or URF-V (Olympus Europe, Germany). 
Lithotripsy was achieved by means of 200/273μm 
Holmium laser fibers. A guidewire was placed in the 
upper urinary tract through a rigid cystoscope or se-
mirigid ureteroscope under fluoroscopic guidance. 
According to surgeon preference, visual assessment 
of the ureter and ureteropelvic junction was perfor-
med with the semirigid ureteroscope. Alongside a 
second safety guidewire an Ureteral Access Sheath 
(UAS) (Flexor 9.5/11.5Fr or 12/14Fr, Cook Medical 
Bloomington, IL, USA, Navigator 11/13Fr, Boston 
Scientific, Natik, MA, USA or Retrace 10/12Fr, Co-
loplast/Porges Humlebæk, Denmark) up to the pro-
ximal ureter was placed. If the UAS placement was 
impossible, a sheathless procedure was attempted. 
If this last attempt failed, a pigtail, double J ureteral 
catheter (DJ) was left in situ for passive dilatation 
and the procedure was delayed.

A tipless nitinol basket was used to extract 
the fragments and to re-position lower pole calculi 
to a more accessible calyx prior to intracorporeal 
lithotripsy. The procedure was concluded 
after stone-free status was confirmed by both 
ureteroscopic inspection and fluoroscopy (leaving 
only ungraspable gravel or fragments <2mm) or in 
case of bleeding or at the decision of the surgeon. 
By the end of the procedure, the ureter was 
ureteroscopically and fluoroscopically assessed 
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for possible lesions. The ureteral injuries were 
classified in major and minor (8). The classification 
of ureteral wall injuries proposed by Traxer et al. 
(9) was not used as it was not available at the time 
of the beginning of the series. A DJ was applied 
at the end of procedure according to surgeon 
preference or after complicated procedures.

Follow up
The ‘‘stone-free’’ status was defined as no 

evidence of stones or stones less than 2mm on 
one-month postoperative CT and/or KUB and/or 
US, prescribed following the surgeon preferences. 
Patients with residual fragments, requiring a fur-
ther RIRS, were routinely scheduled for the second 
treatment 30-45 days following the previous pro-
cedure and were evaluated at 4 weeks from the 
last procedure. All patients were followed up to 
6 months, with serial plain radiograph or renal 
ultrasound. Postoperative complications were as-
sessed according to the modified Clavien classifi-
cation (10).

RESULTS

Clinical Data and Patient Characteristics
Three hundred and fifty-six patients 

underwent 377 RIRS with holmium lasertrip-

sy for renal stones. The cohort included 226 
(63.5%) male and the mean age was 53.5 years 
(SD: 14.3). One third of patients (34.3%) had 
a history of urolithiasis, and the 32% already 
received a previous treatment. In 64% of pa-
tients we found a single stone (mean diameters: 
12.4x9.5mm) and in 165 cases (46%) the stone 
was located in the pelvis/ureteropyelic junc-
tion. Demographic data and clinical characte-
ristics of the cohort are listed in Tables 1 and 2.

Operative and Postoperative Data
RIRS was safely completed in all patients 

with a mean operative time of 63.5 min (range 
13–250 min). The mean number of procedures per 
patient was 1.05. The UAS was placed in 283 pa-
tients (79.5%), among these the 65% received a 
large UAS (11/13FR or 12/14F or larger) and the 
remaining 35% a smaller one (9.5/11.5F or 10/12F).

In 262 cases (73.6%) a complete stone-free 
status was confirmed endoscopically and through 
fluoroscopic imaging. Postoperatively a DJ was 
positioned in 332 patients (93.2%). Twenty pa-
tients (5.6%) with a greater diameter than the 
overall average (mean diameters: 13x9.9mm) re-
ceived a second retreatment and 1 of these (0.2%) 
required a third treatment. The second proce-
dure achieved complete stone clearance for 281 

Table 1 - Demographic data and clinical characteristics.

N or mean % or ±SD

Gender

Male 226 63.5%

Female 130 36.5%

Age, years 53,5 ±14.3

BMI, kg/m² 26.5 ±4.2

ASA score 1.6 ±0.8

Diabetes 41 11.5%

CKD 10 2.8%

Hyperuricemia 13 3.7%

Other metabolic disease 26 7.3%

Renal malformation 30 8.4%

Previous stone treatments 114 32.0%

Hydronephrosis 152 42.7%

Values are mean and SD or absolute number and percentage.BMI = Body Mass Index; CKD = chronic Kidney disease; ASA = American Society of Anesthesiologists 
class risk.
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Table 2 - Operative and postoperative data.

N or mean % or ±SD 

Operative time (min)

UAS 63.5 ±32.4

Number of stone 283 79.5%

- Single 228 64.1%

- Multiple 128 35.9%

LOS 2 ±2

Stone size

- length (mm) 12.5 ±5.3

- width  (mm) 9.4 ±4.5

Stone location

- upper calyx 9 2.5%

- mild calyx 29 8.1%

- lower calyx 58 16.2%

- pelvis 92 25.8%

- UPJ 73 20.5%

- pelvis + calyx 79 22.1%

- multiple calyces 34 9.5%

Stone composition

- Ca oxalate 164 46%

- Uric acid 16 4.5%

- Mixed (Ca oxalate+Uric acid) 28 7.8%

- Brushite 43 12%

- Struvite 7 2%

- Cystine 18 5%

- Other 7 2%

- Unknown 92 25.8%

Pre-operative stent or nephrostomy 77 21.6%

Stone X-ray characteristics 

- radiopaque 274 76.9%

- radiolucent 90 23.1%

Post-operative stenting 332 93%

Re-intervention 20 5.5%

SFR

- First procedure 262 73.6%

- Second procedure 281 78.9%

Values are mean and SD or absolute number and percentage. N = number; LOS = length of stay; UPJ = ureteropyelic junction; SFR = stone free rate; Ca = calcium. 
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patients, for an overall SFR of 78.9%. Complete 
operative and postoperative data are provided in 
Table-2. If we analyze the subgroup of lower pole 
stone and sheatless procedures, the SFR is 68.9% 
and 77.4%, respectively.

Complications
The overall complication rate was 15.1%. 

Intra-operative and post-operative complications 
were experienced in 24 (6.7%) and 30 (8.4%) ca-
ses, respectively. A detailed description of the 
complications and the action taken are showed in 
Table-3. No major ureteral injuries occurred. Mi-
nor ureteral wall injuries were noted in 11 patients 
(3%) and managed successfully with a stent pla-
cement (for 3 to 6 weeks) (mucosal abrasion not 
reported). Two patients (0.5%) were re-admitted 
following discharge from hospital with non obs-
tructive pyelonephritis: they were treated with 
intravenous antibiotics and bladder catheter. Two 
patients (0.5%), left unstented after the procedure, 
required DJ insertion after readmission for an obs-
tructive pyelonephritis. No complications higher 
than Clavien grade IIIa were observed. No patients 

complained late complications to follow-up visit 
after 6 months.

DISCUSSION

This prospective multi-institutional study 
on RIRS for renal calculi has shown this approa-
ch to have excellent stone clearance rates with an 
acceptable complication profile. Major technical 
and surgical developments in endoscopic techno-
logies and technique for the treatment of uroli-
thiasis have led to changes in treatment approach, 
and subsequently to international guidelines (6). 
In this large study, we have demonstrated that the 
SFR achieved after the first treatment of RIRS to 
be as high as 73.6%. This finding is comparable to 
similar studies that demonstrated SFR of 65-79% 
(11-15).

We also noted that only 20 patients (5.6%), 
with a mean diameter greater than the overall 
average, required a second look RIRS to ensure 
the stone-free status. We do not regard this as a 
treatment failure of the first procedure, but rather 
as a necessary part of a planned staged procedure 

Table 3 - Overall Complications according to Clavien classification.

Intraoperative Postoperative

Complication Patients, N (%) Action Patients, n (%) Action

Clavien Grade I

Hematuria 7 (1.9) Fluid irrigation 2 (0.5) DJ placement

Lumbalgia - - 1 (0.2) Analgesics

Fever - - 23 (6.4) Antipyretics

Clavien Grade II

Perforation of pelvis/ calyx 5 (1.4) DJ placement - -

Ureteral injury 11 (3) DJ placement - -

Non obstructive pyelonephritis - - 2 (0.5) Antibiotics

Clavien Grade IIIa

Obstructive pyelonephritis - - 2 (0.5) DJ placement
Antibiotics

Total 24 (6.7) 30 (8.4)

N = number; DJ = double J stent; Clavien grade I = Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, 
endoscopic and radiological interventions. Clavien grade II = Requiring pharmacological treatment with drugs other than such allowed for grade I complications. Clavien 
III= complicaiton requiring surgical, endoscopic or radiological intervention.
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to ensure stone clearance, in particular for large 
renal stones (eg. stones>2cm). This strategy allo-
wed us to achieve an overall SFR equal of 79%.

Over the last 10 years, RIRS has become 
an increasingly important option for the treatment 
of the majority of kidney stones even in the most 
complicated clinical scenarios such as pregnancy, 
obesity, coagulopathy, large renal stones, calyce-
al diverticula, and kidney malformations (4). RIRS 
is well accepted by patients, the convalescence is 
minimal, it generally does not require a prolonged 
hospital admission (2 days) or prolonged absence 
from work (2). In addition, using the endoscopic 
approach to the kidney, reduces the risk of blood 
loss, renal parenchyma damage and renal impair-
ment. In contrast, in recent years we have seen a 
drift away from SWL and PCNL. This is in part due 
to SWL providing a low SFR (16) and a high re-tre-
atment rate for large stones and for stones located 
in the lower pole calyx (17). Similarly, PCNL that 
is the gold standard for large kidney stones and is 
more effective than SWL for lower pole stones (18) 
is characterized by a risk of serious complications 
(19, 20). We noted that 77 patients (21.6%) had DJ 
stent placement prior to RIRS. DJ placement may 
facilitate passage of the UAS and extraction of the 
fragments (21), however this does not justify the 
routine DJ insertion before surgery except in case 
of a septic obstructed upper urinary tract or in case 
of ureter stricture that will not make possible the 
passage of access sheath (22). In contrast to this, 
a post-operative DJ stent was left in situ in 332 
patients (93%). This is done to facilitate drainage, 
prevent post-operative ureteral obstruction. In 79% 
of cases the DJ stents were placed for 30 days or 
less. The uses of the UAS can significant facilitate 
RIRS and stone clearance by allowing multiple en-
try and reentry to the kidney, decreasing intrarenal 
pressure and protect the scope from damage (23, 
24). However, the routine use of a UAS is matter 
of debate (6). In this study, an UAS was used in 
80% of the cases. The size of the UAS varied ac-
cording to clinical conditions. In 52% of the ca-
ses a larger UAS was employed. This probably re-
flects the surgeon’s preference for lasertripsy. If the 
surgeon has a predilection for fragmentation and 
stone extraction, the preferred setting of laser has 
been low frequency/high energy using medium/

large diameter sheath. This allows the extraction 
of slightly larger fragments. If the surgeon prefers 
to dust by vaporization the preferred setting of la-
ser is high frequency/low energy using a medium/
small UAS sufficient. However, the choice between 
vaporization and fragmentation is not only related 
to the surgeon preferences but also by stone size. 
For bigger stone could be better to start with the 
vaporization of the outer part of stone moving to 
the fragmentation of the residual part and the ex-
traction of fragments.

The overall 30-day complication rate in 
this study was 15.1% being 6.7% intraoperative 
and 8.4% post-operative. These data are according 
with the data of EAU guidelines on Urolithiasis that 
report an overall complication rate of 9-25% (6). 
It’s noteworthy that the complications rate of pure 
RIRS is lacking. In fact, the complication rate repor-
ted by EAU guidelines are based on surgical series 
of semirigid ureteroscopy for ureteral stone. A re-
cent meta-analysis that included 2 randomized and 
8 non-randomized studies showed an overall com-
plication rate of RIRS of 10.4%. It was concluded 
by the authors, that the interpretation of complica-
tions proved to be challenging because of a lot of 
key information (blood transfusion, antibiotic use, 
definition for sepsis, need for preoperative stenting, 
definition of ureteral injury, timing of post-opera-
tive stenting, etc.) were not clearly stated (25). The 
complication rate in our study, that at first analysis 
could be considered slightly higher than expected, 
should be considered as a viable finding. In fact, in 
this prospective and standardized setting, we con-
sidered any deviation from normal post-operative 
course as a complication and described it according 
to Dindo-modified Clavien classification (26).

Some limitations for this study should be 
acknowledged. The first limitation of this multicen-
ter study is the different imaging modalities used to 
assess SFR. While CT is the most sensitive modali-
ty for assessing residual fragments, logistical and 
cost reasons may prohibit its routine use (27, 28). 
Ultrasonography was used frequently as a posto-
perative imaging test based on its low cost, ready 
accessibility, and lack of radiation. Lack of uniform 
evaluation of residual fragment might also repre-
sent a weakness. However, even if a central residu-
al fragment evaluation ideally increases validity by 
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minimizing the interobserver variability, it is use-
less, from a clinical viewpoint, since variability is 
common in clinical practice (4). A second limitation 
would be the non-uniform treatment approach and 
the different experience of the surgeons. The multi-
-institutional nature of our cohort may be interpre-
ted as limitation, however we believe that, in order 
to evaluate the generalizability of these findings, a 
certain grade of heterogeneity in baseline charac-
teristics, rather than homogeneity, is advisable and 
desirable.

In our opinion, it is important to remind 
that, as stated by Giusti et al. (4), the “key to suc-
cess is avoiding the start of RIRS on your own. 
Furthermore, detailed and frank counselling of the 
patients is strongly encouraged to inform them not 
only about the minimal invasiveness but also about 
outcomes of the surgeons/centers and the potential 
for staged multiple procedures in the most difficult 
cases and the possibility, although rare, of major 
complications”.

CONCLUSIONS

This European multicenter prospective stu-
dy confirmed that RIRS performed with the newest 
generation of technical equipment allowed us to 
achieve a very high SFR without compromising on 
safety. Nevertheless, cost of acquisition and main-
tenance and reimbursement policies by national 
health systems represent a critical issue that should 
be resolved to allow RIRS become a routine pro-
cedure available in all urological departments and 
not just in a few tertiary centers.
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Introduction and objective: Indwelling double J ureteral stents are used routinely 
in the resolution of ureteral obstruction caused by different etiologies. Evaluation 
of urinary symptoms related to double-J stent, indicate that these affect 73-90% 
of patients.
We conducted a prospective, randomized study, to evaluate the efficacy of tamsulo-
sin, oxybutinin and combination therapy in improving the urinary symptoms.
Methods: Patients who underwent ureteral stent placement after ureterolithotripsy 
(total 51), were randomized into three groups: Group I: Tamsulosin 0.4 mg. once 
per day(17 patients), Group II: Oxybutinin 5 mg. once per day (17 patients), Group 
III: Tamsulosin+ oxybutynin once per day (17 patients). All the groups received the 
drugs for three weeks and completed a Spanish validated Ureteral Stent Symptom 
Questionnaire (USSQ) at day 7 and 21.
Results: Repeated measures ANOVA showed mean urinary symptom index score was 
22.3 vs. 15.5 in group three (p<0.001) at day 7 and 21 respectively. The mean work 
performance index was 6.6 vs 8.1 (p=0.049) favoring tamsulosin group, the mean 
sexual score was 0.5 vs 1.5 (p=0.03). Among additional problems the mean was 7.2 
vs 6.2 (p=0.03). No significant difference was noted among pain and general health 
index. No side effects were reported.
Conclusions: Combination therapy with tamsulosin and oxybutynin improved irri-
tative symptoms and work performance as well as sexual matters. Combination the-
rapy should be considered for patients who complained of stent related symptoms.
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INTRODUCTION

The placement of ureteral double-J stents 
has become routine clinical practice for resolving 
ureteral obstruction caused by different etiolo-
gies (1-4). The estimated incidence of stent-rela-

ted symptoms varies from 19-76% and includes 
frequency, urgency, dysuria, incomplete voiding, 
flank pain, suprapubic pain, urinary incontinence, 
and hematuria (5-10).

The objective evaluation of stent-related 
symptoms through the visual analog scale (VAS) 
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and the International Prostate Symptom Score 
(IPSS) is complex and nonspecific (11-13). Joshi 
et al. developed the ureteral stent symptoms ques-
tionnaire (USSQ), which is a validated and safe 
psychometric instrument for evaluating the im-
pact of ureteral stents on symptoms and quality 
of life. This questionnaire explores 6 areas that 
include urinary symptoms, body pain, general he-
alth status, work performance, sexual matters, and 
other additional problems (14). It has been utilized 
in numerous clinical trials and translated into di-
fferent languages, including Spanish (15).

The efficacy of pharmacologic manage-
ment of these symptoms related to the double-J 
stent, with alpha-1 adrenergic blockers, tamsu-
losin and alfuzosin (16, 12, 17-19) and the an-
timuscarinic agents, oxybutynin and tolterodine, 
has been demonstrated (20). In fact, there is a me-
ta-analysis that evaluates the efficacy of alpha-
-blockers and concludes that they are associated 
with improvement in ureteral stent symptoms and 
supports their use in routine clinical practice (21). 
Nevertheless, at present there is no study directly 
comparing tamsulosin and oxybutynin. Therefore, 
the aim of this study was to evaluate the efficacy 
and safety of these two drugs for the control of 
lower urinary tract symptoms and their impact on 
quality of life.

MATERIALS AND METHODS

Patient selection
From November 2012 to October 2013, pa-

tients of both sexes were included in the study; 
they were above 18 years of age and had unila-
teral double-J stent placement after ureteroscopy 
that was performed at the Hospital General de Mé-
xico.

Inclusion criteria were patients of either 
sex above the age of 18 years that had undergone 
ureteroscopy for lithiasis in the lower third of the 
ureteral tract, with stones under 15mm, and that 
required unilateral double-J stent placement.

The exclusion criteria were patients with 
a previous diagnosis of benign prostatic hyper-
plasia (IPSS≥7), a previous diagnosis of overac-
tive bladder, a history of interstitial cystitis or 
chronic cystitis, a history of chronic prostatitis or 

chronic pelvic pain, chronic medication with al-
pha blockers, anticholinergic agents and analge-
sics, ureteral obstruction caused by malignancy, 
pregnant patients, patients unable to understand 
or sign an informed consent, patients with a his-
tory of postural hypotension (decrease in blood 
pressure>20mmHg of the systolic or diastolic me-
asurements) or syncope, patients with severe or 
unstable heart failure, severe renal failure, severe 
liver failure, or patients with a history of urinary 
retention, gastric retention, or uncontrolled wide-
-angle glaucoma.

A single-blind, randomized, prospective, 
comparative, and experimental clinical trial was 
conducted that included 51 patients (26 women, 
25 men).

They were assigned to one of the following 
three groups by means of a randomization Table:

Group 1 - Tamsulosin 0.4mg PO before 
food every 24h for 21 days

Group 2 - Extended release Oxybutynin 
5mg PO every 24h for 21 days

Group 3 - Tamsulosin 0.4mg PO before 
food every 24h for 21 days+oxybutynin 5mg PO 
every 24h for 21 days.

The sample size was calculated with the 
formula for comparing independent means, based 
on previous studies on the efficacy of alpha blo-
ckers versus placebo (20). A power of 90% and a 
significance level of 0.05% were used in accor-
dance with a finite population of 60 cases (the 
number of ureteroscopies per year at our hospital).

Methods
Once the diagnosis of ureteral lithiasis 

was established and it was confirmed that the 
patients met the protocol selection criteria, the 
characteristics of the study were explained to 
them. Upon accepting to participate in the study, 
the patients signed statements of informed con-
sent, following the principles of the Declaration 
of Helsinki.

This study was approved by the institutio-
nal ethics and research committees in accordan-
ce with good clinical practices, with registration 
number DI/12/105/04/081.

Data were collected in a case report file 
that contained each patient’s personal information, 
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demographic data, clinical history, and complete 
physical examination results.

Each patient underwent ureterolithotrip-
sy and a polyurethane 24 or 22cm X 6Fr double-
-J stent (Cook, USA) was placed after endoscopic 
extraction of the stone. Adequate ureteral double-J 
stent placement was verified through a plain abdo-
minal film in the immediate postoperative period.

The ureteral stent symptoms questionnai-
re (USSQ) was applied to all patients on posto-
perative days 7 and 21, registering the scores of 
each of the 6 topics evaluated with the assessment 
tool. Each section has a total score; the higher the 
number, the worse the general health status of the 
patient.

Antibiotic was administered for 7 days (Ci-
profloxacin 500mg PO bid), followed by urinary 
antiseptic (Nitrofurantoin 100mg PO every 24h) 
until removal of the stent, three weeks later. Keto-
rolac PO 10mg was administered as needed by the 
patient, with a maximum of 4 tablets in 24 hours. 
Each patient kept a personalized register of the 
daily analgesic intake.

Statistical analysis

Values were expressed as means±standard 
deviation (SD) and the statistical analysis was car-
ried out using the repeated measures ANOVA test 
for comparing the independent means of the 3 tre-
atment groups.

Results were considered statistically signi-
ficant with a value set at p<0.05. The IBM SPSS 

Statistics 20.0 for Windows (SPSS, Chicago, IL, 
USA) statistical package was used.

RESULTS

A total of 56 patients were enrolled in the 
study. Five were eliminated; four due to spon-
taneous stone expulsion and one for having an 
IPSS score above 21 points.

The remaining 51 patients (26 women and 
25 men) were randomly distributed as follows:

Group 1 - Tamsulosin (17 patients)
Group 2 - Extended release oxybutynin 

(17 patients)
Group 3 - Combination therapy (17 patients)
Table-1 shows the demographic charac-

teristics of the study population. There were no 
statistically significant differences per group 
with respect to age, sex, weight, height, BMI, or 
stone size (p>0.05).

Repeated measures ANOVA showed a 
mean urinary symptom score of 22.3 versus 
15.5 in Group 3 (p<0.001) at days 7 and 21, res-
pectively (Figure-1). The mean work performan-
ce score was 6.6 versus 8.1 (p=0.049), favoring 
the tamsulosin group, and the mean sexual per-
formance score was 0.5 versus 1.5 (p=0.03). For 
the additional problems, the mean was 7.2 ver-
sus 6.2 (p=0.03). No significant difference was 
noted between pain and general health scores 
(Table-2). No side effects were reported and the-
re were no differences in analgesic consumption 
between groups.

Table 1 - Demographic characteristics of the study patients.

Variable Tamsulosin Oxybutynin Both p*

Patients (n) 17 17 17

Gender (M:F) 9:8 7:10 9:8 0.73

Age (years) 42.5±7.3 40.4±11.2 45.7±10.3 0.293

Weight (kg) 73.7±13.4 75±8.9 71.2±12.1 0.623

Height (cm) 166.9±5.7 161.4±5.0 161.2±5.7 0.342

BMI (Kg/m) 27.5±6.5 28.6±3.2 27.6±4.1 0.729

Stone size (mm) 8.8±3.2 11.2±4.0 10±3.02 0.135

*significance<0.05
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Figure 1 - Mean urinary symptoms score.

Table 2 - USSQ score comparison among the 3 groups on postoperative days 7 and 21.

Variable Tamsulosin
(Mean±SD)

Oxybutynin
(Mean±SD)

Tamsulosin + Oxybutynin
(Mean±SD)

p*

Urinary symptom 
score

Day 7 21.4±4.78 22.4±4.9 22.3±7.2
<0.001*

Day 21 21.5±6.27 17.8±5.5 15.5±5.0

Pain score Day 7 13.4±2.2 11.2±2.7 13.8±5.0
0.207

Day 21 14.2±4.3 10.9±3.1 11.2±5.8

General health score Day 7 11.7±1.4 11.0±1.4 11.5±1.5
0.699

Day 21 11.6±1.2 11.7±1.3 11.2±2.5

Work performance 
score

Day 7 6.6±4.0 6.3±2.5 7.0±2.3
0.049*

Day 21 8.1±1.8 7.2±1.9 7.7±1.5

Sexual performance 
score

Day 7 0.6±1.1 0.5±0.8 2.6±3.8
0.036*

Day 21 1.2±1.2 1.5±1.2 2.6±2.5

Additional problem 
score

Day 7 8.05±2.6 6.8±1.9 7.2±1.7
0.03*

Day 21 7.4±3.0 6.4±1.1 6.2±2.8

*Repeated measures ANOVA.
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DISCUSSION

Ureteral stent placement for upper urinary 
tract diversion has been employed for more than 
four decades (22) and has become routine pro-
cedure in various urologic surgeries performed 
for different indications. Ureteral stents prevent 
urinary flow obstruction caused by edema of the 
mucosa; they aid in the mucosal healing process 
after a complicated procedure and they passively 
dilate the ureter, and facilitate the passage of re-
sidual stones (1).

Nevertheless, up to 76% of the patients 
will have symptoms associated with the presence 
of the stent, on occasion requiring its early re-
moval (8). New stent designs, coatings, and bio-
materials have been developed for the purpose of 
reducing these problems, but the ideal stent has 
yet to be produced (23).

Even though the exact pathophysiology 
of the symptoms related to the double-J stent is 
not known, it has been suggested that the me-
chanism involved could be an increase in the 
pressure transmitted toward the renal pelvis du-
ring micturition and bladder irritation due to the 
intravesical portion of the stent (24).

Both anticholinergic drugs and alpha-
-adrenergic blocking agents have been used to 
improve symptoms related to the double-J stent 
with good results in the majority of cases (20 21).

Our study showed that tamsulosin and 
oxybutynin combination therapy improved irri-
tative urinary symptoms, as well as work perfor-
mance and sexual aspects.

The combination of tamsulosin and oxy-
butynin was clearly superior in improving uri-
nary symptoms. This is a very relevant clinical 
situation, given that symptomatology is present 
in 73 to 90% of patients with double-J stent. The 
same was true for the area of additional problems.

In our study, the group with tamsulosin, 
alone, had a higher work performance score, 
compared with the other two groups.

Even though there were statistically sig-
nificant differences in relation to the sexual 
sphere, we felt that the USSQ was not very use-
ful, especially during the first postoperative days, 
because the patients were more concerned about 

the result of the surgery and their general health 
than their sexual performance. In fact, the ma-
jority of patients stated that they had made no 
attempt at having sexual activity.

There are few controlled clinical trials 
that evaluate the pharmacologic agents used in 
the treatment of double-J stent-related symp-
toms, and to the best of our knowledge this is the 
first head-to-head study comparing long-acting 
tamsulosin and oxybutynin. It is well known that 
stent-related symptoms are similar to those of 
benign prostatic hyperplasia caused by urethral 
resistance and bladder instability. Damiano et al. 
reported that tamsulosin administration impro-
ved urinary symptoms and pain when evaluated 
through the visual analog scale, as well as qua-
lity of life (13).

Wang et al. stated that the selective al-
pha-1 blocker, tamsulosin, improved urinary 
symptoms, flank pain, and pain during micturi-
tion (19). Beddingfield et al. reported that patients 
treated with 10mg daily of alfuzosin showed im-
provement with respect to micturition frequency, 
lumbar pain, and sleep disorders (25). Deliveliotis 
et al. had similar study results of improved stent-
-related symptoms in patients treated with alfu-
zosin, especially in reference to pain, as well as 
sexual function, and general health (26).

Symptoms associated with double-J ure-
teral stent are similar to those of overactive 
bladder caused by involuntary bladder contrac-
tions, and antimuscarinic agents have been used 
with good results (27). Norris et al. reported that 
there were no statistically significant differen-
ces between patients treated with oxybutynin 
compared with placebo or phenazopyridine (28). 
Agarwal et al. demonstrated that patients that 
had received oxybutynin or tolterodine prior to 
surgery showed greater relief in regard to bla-
dder discomfort compared with patients in the 
placebo group (29).

A limitation of our study resulted from 
the fact that even though the sample size was 
adequately calculated, the number of patients in 
each group was small and this could possibly re-
duce the capacity to detect other potential effects 
of these drugs in patients with double-J stent, 
when evaluated through the USSQ.
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CONCLUSIONS

The administration of tamsulosin and oxy-
butynin markedly reduced the irritative symptoms 
commonly associated with a double-J stent. The-
se drugs were also effective in the improvement 
of sexual performance and work performance, as 
well as other related problems. There was no di-
fference with respect to pain and general health.
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Transcorporal artificial urinary sphincter in radiated and 
non - radiated compromised urethra. Assessment with a 
minimum 2 year follow-up
_______________________________________________
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Purpose: to assess the efficacy of transcorporal artificial urinary sphincter (AUS) im-
plantation on continence for male stress urinary incontinence in cases of prior surgical 
treatment or/and radiation failure, and as a first option in radiation patients.
Materials and Methods: From March 2007 to August 2012, 37 male patients were 
treated with transcorporal AUS AMS™ 800. Twelve patients had primary placement 
of transcorporal cuff, a surgical option due to a previous history of radiation and 25 
patients had secondary procedure after failure of AUS or urinary incontinence surgery. 
Functional urinary outcomes were assessed by daily pad use, 24-hour Pad-test and 
ICIQ-SF questionnaire. Quality of life and satisfaction were assessed based on I-QoL 
and PGI-I questionnaires.
Results: After a median of 32 months, the continence rate (0 to 1 pad) was 69.7%. Me-
dian pad test was 17.5g (0-159), mean ICIQ-SF score was 7.3/21 (±5.4) and mean I-QoL 
score was 93.9/110. A total of 88% of the patients reported satisfaction with the AUS. 
The 5-year actuarial revision-free for AUS total device was 51%. Patients for primary 
implant for radiation were not more likely to experience revision than non-radiation 
patients. Preservation of erections was reported in half of the potent patients.
Conclusions: Transcorporal AUS cuff placement is a useful alternative procedure op-
tion for severe male UI treatment, especially in patients with a compromised urethra 
after prior surgery or radiation. A high continence rate was reported and implantation 
as first option in radiation patients should be considered.
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INTRODUCTION

Urinary incontinence (UI) is a serious ad-
verse effect due to radical prostatectomy (1). After 
failure of conservative treatment, an artificial uri-
nary sphincter (AUS) is considered the gold stan-
dard treatment for mild to severe incontinence 
from intrinsic sphincter deficiency (2). It provides 
a high continence rate and patient satisfaction, 
despite a reoperation rate that may reach 62.7% 

(3). In men the AUS cuff is implanted directly 
around the bulbar urethra. However, cuff place-
ment may be difficult in a compromised urethra 
due to prior AUS placement, radiation or urethral 
surgery leading to a high risk of failure (4).

The transcorporal approach to AUS place-
ment was created to protect the urethral wall in 
AUS revision for urethral atrophy and erosion (5) 
that protects the posterior wall of urethra during 
dissection, which may be critical.

Vol. 42 (3): 494-500, May - June, 2016
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AUS implantation using a transcorporal cuff 
was recently reported by Wiedemann et al. (6) that 
concluded that transcorporal AUS cuff placement 
is a useful alternative for challenging cases of male 
UI after failure of previous surgical treatment, ure-
thral atrophy or erosion. The aim of the study was to 
conduct a selective evaluation in radiation and non-
-radiation patients to assess transcorporal AUS as a 
first option in radiation patients.

MATERIALS AND METHODS

Patient selection: From March 2006 to Au-
gust 2012, 44 patients underwent AUS (AMS800®) 
implantation with a transcorporal cuff by the 
same surgeon in a single center. All patients were 
contacted by letter and telephone for evaluation, 
and were examined by an independent urologist. 
Later all patients completed a subjective satisfac-
tion questionnaire.

Degree of continence was assessed by a 24 
hour Pad-test, validated questionnaire (Internatio-
nal Consultation on Incontinence Questionnaire-
-Short Form: ICIQ-SF) and number of pads per 
day. Total continence was defined as no urinary 
leakage and no pad, social continence as 0 to 1 
pad with urinary leakage. In the other cases, pa-
tients were considered as incontinent. In addition, 
quality of life and satisfaction were assessed ba-
sed on two validated questionnaires in 33 patients 
who completed an Incontinence Quality of Life 
scale (I-QoL) and Patient Global Impression of Im-
provement (PGI-I) respectively.

Early postoperative complication (<30 
days) was recorded. Revision was defined as any 
additional procedure on the AUS, including ex-
plantation of the device with or without de novo 
implantation at the same time. In order to assess 
the results and complications with a sufficient pe-
riod of follow-up, all patients included in the stu-
dy had a minimum of 2 years of follow-up.

This study was not submitted to the local 
Ethics Committee for approval because it was a 
retrospective assessment of clinical practice.

Surgical procedure
The transcorporal cuff placement has been 

previously described (5, 6). Reservoir pressures 

were initially 61 to 70cm/H2O in all of 37 patients. 
Cuff sizes were 4, 4.5; 5, 5.5, 6 and 6.5cm respecti-
vely in 1, 7, 10, 15, 2 and 2 patients. All sphincters 
were deactivated for 6 weeks after surgery.

Statistical analysis

Continuous data were analyzed with the 
nonparametric Mann-Whitney test. For categori-
cal variables, Fisher’s exact test or Chi-Square test 
was used. Revision-free survival of the AUS and 
the cuff curves were calculated using the Kaplan-
-Meyer method, and the significance of differen-
ces was determined using the log-rank test. Cox 
multivariate regression model was used to assess 
the relative importance of previous radiotherapy 
and failure of incontinence surgery on the results. 
Statistical significance was defined as p<0.05 for 
all analyses.

RESULTS

Patient characteristics are summarized in 
Table-1. Mean age at sphincter insertion was 70.1 
years (±7.1).

Follow-up data were available on 37 of the 
44 patients. Five patients died since AUS implan-
tation and 2 were lost to follow-up and excluded 
from the analysis. Median follow-up was 32 mon-
ths [24-51].

Twelve patients had primary placement of 
transcorporal cuff because of previous radiation. 
For 25 patients the transcorporal cuff implanta-
tion was done in the secondary procedure after 
failure of UI surgery (7 male slings, 17 AUS, 1 
Pro-ACTTM balloon). The total AUS device was 
implanted in 31 patients and the cuff alone in 6 
patients with the other components of AUS left in 
place. Periurethral adhesions were considered for 
transcorporal implantation.

Mean preoperative daily pad use was 4.5 
(±2.1) and 2 patients used a penile sheath. Median 
preoperative pad test was 530g (400-690).

Continence results were reported at the la-
test follow-up, median value was 32 months (24-
51). The AUS remained functioning in 33 patients 
whereas it was explanted in 3 patients and never 
activated in 1 patient due to neuropathic chronic 
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scrotal pain. The continence rate for social conti-
nence and total continence was respectively 69.7% 
and 12.1%. Six patients (18.2%) required more than 
1 pad daily and were considered incontinent. Me-
dian pad test was 17.5g (0-159) and mean ICIQ-SF 
score was 7.3/21 (±5.4).

REVISION AND COMPLICATION

AUS overall complications occurred in 
18 patients (48.7%) (Table-2). Seventeen patients 
(45.9%) had undergone one or more surgical revi-
sions including 7 transcorporal cuff replacements. 
Median time to revision was 8 months [4-16].

Mean I-QoL score was 93.9 (±15.0) and the 
mean post-operative PGI-I score was 1.5 (±0.8). 
Kaplan-Meier curve demonstrated a 5-year ac-
tuarial revision-free AUS survival of 51.0%. The 
history of pelvic radiation or failure of urinary in-
continence surgery showed no statistically signi-
ficant differences concerning continence, pad test, 
PGI-I, ICIQ-SF and I-QoL score.

Table 1 - Preoperative characteristics of the study population. 
Some patients had more than one previous surgery.

Variable

Mean age at AUS implantation (SD) 70.1 (±7.1)

BMI (SD) 27.2 (±3.41)

No. androgen deprivation therapy 10

No. Radical prostatectomy 34

No. Previous pelvic radiotherapy 23

No. Transurethral prostatic resection 6

No. Bladder neck contracture surgery 12

No. Urethrotomy 5

No. Urethroplasty 1

Previous surgical treatment of UI

AUS 17

Bulbourethral sling 7

Balloon 1

BMI = body mass index

Table 2 - Complications occurred during follow-up. Reported number was 31 in 18 patients.

Cause of complication No. Pts. Delay (months)

Infection 6

Cuff 1 5

Balloon 2 11/13

Pump and balloon 1 0.7

All of AUS 2 3/27/3

Erosion 3 0.7/1.5/7

Urethral atrophy 2 10/27

Mechanical failure 11

Cuff 4 3/6/7/13

Balloon 5 6/8/10/20/30

Pump 1 18

Cuff and pump 1 40

Other 9

Scrotal hematoma 2 0.1/1.5

Balloon migration 2 10/32

Acute urinary retention 5 0.1
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Revision-free AUS survival was signifi-
cantly higher in patients with previous radiation 
(p=0.006) (Figure-1).

In multivariate analysis, only patients with 
previous radiation had significantly less AUS re-
vision than non-radiation patients (HR: 0.276; CI 
95%: 0.1043-0.7295; p=0.0094).

Evaluation of outcome on potency was 
performed in 12 patients who presented erections 
before surgery, out of them 6 reported preserva-
tion of erections after the cuff implantation.

Different management may be proposed 
in a compromised urethra including male sling 
ProACT™ and AUS (7). In cases of AUS failu-
re due to erosion or infection, or in cases of 
incontinence  recurrence due to sub-cuff atro-
phy, a tandem cuff implantation (8) has been 
proposed, or a relocation of the cuff to a more 
proximal site on the bulbar urethra (9) whether 
or not associated with a down-sizing of the cuff 
(10) by 3.5cm.

In the literature, reimplants of bulbar 
urethral AUS after removal of previous AUS 
were not associated with a lower continence 
rate or complication as reported by Raj et al. 
(9). Conversely, Lai et al. (11) found a fourfold 
higher risk of erosion in a secondary reimplant 
patients in comparison with a virgin AUS im-
plant. In a recent study, Bant et al. (12) reported 
a multicenter outcome analysis of 386 AUS pla-
cement and confirmed that urethral risk factors 
were prior to AUS erosion, history of urethral 
stent placement or radiation. Mc Geady et al. (4) 
assessed the compromised urethra in 86 patients 
and found an increased rate of failure with the 
tandem and 3.5 cuffs. These authors observed a 
67% failure rate in the 3.5 cuff group but 36% 
in transcorporal group. These complications of 
a narrow cuff were confirmed by Bant et al. (12) 
and could be explained by the placement in a 
more distal location where the urethral wall is 
thin and the diameter reduced.

These findings support the transcorpo-
ral AUS placement approach in a compromised 
urethra patient, an option which was first pro-
posed in 2002 (5). Transcorporal AUS in salva-
ge of AUS or sling failure occurred in 65% of 
our series. The various series of this technique 
reported in the literature are of small sample 
size and only one prospective study is currently 
available (6). In the literature, the main indica-
tion for transcorporal AUS was urethral atro-
phy, salvage AUS or sling failure and previous 
urethral surgery (5, 13-16).

The primary objective of our study was 
the functional results and complications evalu-
ation. Our data were similar to those mentio-
ned in other reported studies (5, 6, 13-16). It 
is difficult to compare the continence rate due 

Figure 1 - Kaplan-Meier analysis comparing the revision-
free AUS survival between patients with a previous history 
of radiotherapy (N=23) and without (N=14) a previous history 
of radiotherapy. (XL STAT Microsoft Excel® Addinsoft).

DISCUSSION

This study represents a large number of 
patients with a compromised urethra, and to 
our knowledge the first to specifically evaluate 
transcorporal AUS as a first option in radiation 
patients.

AUS is considered the gold-standard for 
the treatment of moderate to severe post pros-
tatectomy UI (7). Despite a high satisfaction 
rate and few complications, revisions are still 
required due to erosion, infection, mechanical 
dysfunction or sub-urethral atrophy. A pre-
vious implantation or urethral surgery or ra-
diation had an increased risk of AUS failure.
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to absence of a standardize definition of con-
tinence. Based on a more common definition 
of continence (0 to 1 pad), our continence rate 
was 81% and most patients were very satisfied. 
The complete continence rate was only 12% but 
this rate is difficult to assess from the literature. 
Our revision rate was higher than that reported 
in the literature but this was primarily due to 
mechanical failure (29.7%). This is possibly ex-
plained by an option to replace a standard pla-
cement cuff by a transcorporal cuff when the 
balloon and the pump were considered correct, 
instead of a total component replacement. The-
re is a limited incision and a shorter operative 
time benefit from this option but there is also 
an increased the risk of secondary AUS revi-
sion for the components not changed. Another 
option could have been to routinely change 
all the components when the cuff is affected, 
particularly after few years follow-up. We also 
changed the balloon from 61-70 to 71-80 in 5 
patients in order to pressurize when there was 
a secondary leakage and low urethral pressure 
under the cuff. A primary implantation of 71-
80mL balloon could be considered depending on 
the low risk of erosion in the transcorporal cuff 
and to improve the total continence rate but 
this option has not yet been evaluated. Trans-
corporal cuff (TC) placement is not completely 
protected from erosion and we report an 8% 
rate. An 11-24% rate was reported by Brandt et 
al. (12) in a non-specific large number of 119 
TC placements out of 386 AUS implantation. 
Wiedemann et al. (6) did not report erosion in a 
specific series of 23 TC placement but reported 
a 13% infection rate that may be an associa-
ted complication. Although the cavernosum is 
open, the hemorrhage complications were ra-
rely reported, possibly due to non functional 
erectile tissue in the majority of patients.

Radiotherapy induces ischemia and uri-
nary late-effect radiotoxicity may induce de-
trusor dysfunction, abnormal compliance, over 
activity and urethral damage such as fibrosis or 
atrophy (17-19). However, some patients could 
have had a normal urethral appearance during 
surgery or limited periurethral adhesions. In 
patients with a bulbar urethral cuff in primary 

implantation, results in the literature were con-
tradictory. For Perez et al. (17) and Gohma et al. 
(19), there was no difference concerning conti-
nence or revision rates between patients with 
or without previous radiation therapy. Raj et al. 
(9-20) initially reported no difference. However, 
one year later in a study examining risk factors, 
the same institution found that a prior radia-
tion therapy and a prior explant to increased 
the risk of subsequent erosion. In other series, 
patients with a history of radiotherapy presen-
ted more revision (18, 21, 22), or infection (18), 
but with no impact on continence. In the lite-
rature, no study, to our knowledge analyzed the 
impact of radiotherapy on functional results in 
patients with a transcorporal cuff.

In our series, a major finding was that 
there was no increase in the incontinence rate 
in patients who received radiotherapy and sur-
prisingly significantly less revision. Moreover, 
when radiation patients had a transcorporal 
cuff as a first option (no prior incontinence 
surgery) the good results persisted in a multi-
variate analysis. A possible explanation could 
include the sample size and the effect of radio-
therapy on cavernous tissue that can receive up 
to 44 Gy units (23) but induce a fibrosis which 
could increase the resistance of cavernous cor-
pus. Our rate of erosion or infection was low, 
i.e. 13%, and no secondary urethral atrophy oc-
curred in radiation patients within the limit of 
follow-up.

An evaluation of erectile function was 
not the primary aim of our study. However, the 
risk of impotence may be considered and the 
patient must be informed. Wiedemann et al. 
(6) showed a preservation of erectile function 
in 5/6 patients after transcorporal AUS pla-
cement. In our study, 50% of the 12 normal 
erection patients had persistent erection after 
surgery, confirming that transcorporal cuff was 
not inconsistent with erections, although the 
IIEF5-SF questionnaire was not used. An ex-
planation for the preservation of erection could 
be the location of the cuff close to the tunica 
albuginea, thus leaving apart the erectile tissue. 
Patients must be informed that implantation of 
an erectile prosthesis inside the corpus caver-
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nosum is not recommended when transcorporal 
cuff is performed.

The limits of our study were a retrospec-
tive analysis with a limited number of patients 
and single center experience, as well as the lack 
of a pad test and preoperative questionnaire. 
All of the radiation patients had external beam 
radiation, however we did not evaluate the re-
lationship with the dose or brachytherapy.

The interesting results of transcorpo-
ral AUS as primary option in radiation patients 
must be considered, and could be more docu-
mented in a prospective study in comparison 
with periurethral standard cuff AUS and a lon-
ger follow-up.

CONCLUSIONS

Transcorporal AUS cuff placement is a 
useful alternative procedure option for the tre-
atment of severe male UI, especially in patients 
with a compromised urethra after prior surgery 
or radiation. A high continence rate was repor-
ted and preservation of erection occurred in 
50% of the patients.
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Ureterocalycostomy can be performed in patients in whom desired methods of treating 
secondary PUJ (Pelvi-Ureteric Junction) obstructions either failed or could not be used.
In our study, one child and two adults in whom one redo-ureterocalycostomy and 
two ureterocalycostomies were performed for severely scarred PUJ. The causes for se-
condary PUJ obstruction were post-pyelolithotomy in one case, post-pyeloplasty and 
ureterocalycostomy for PUJ obstruction in the second patient and the third patient had 
long upper ureteric stricture post-ureteropyeloplasty due to tuberculosis. In all these 
cases ureterocalycostomy proved to be salvage/final resort for preserving functional 
renal unit.
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INTRODUCTION

Although the spectrum of indication for 
ureterocalycostomy has changed, it is considered 
an important salvage procedure to bypass extensi-
ve peripelvic scarring and provide non-obstructed 
and dependent drainage (1, 2).

This technique has been used for over 40 
years, more frequently for the management of fai-
led pyeloplasty (3), in case of  post pyelolitho-
tomy PUJ disruption/scarring and long stricture in 
upper ureter (specially due to tuberculosis).

MATERIALS AND METHODS

Three cases of ureterocalycostomy from 
2009 to 2015 were reviewed. They included 3 pa-
tients (two males and one female): one child 6 
years old, one adult male 35 years old and one 
female 23 years old. Ureterocalycostomy was done 
in two patients and redo ureterocalycostomy in 
one patient. Indications were post pyelolithotomy 
in one case, post pyeloplasty and post-uretero-
calycostomy in one case and in one patient post 
uretero-pyeloplasty for upper ureteric long length 
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stricture due to tuberculosis. Preoperative ana-
tomical/functional assessment was done by ne-
phrostogram, intravenous pylography, retrograde 
pylography ± diethyle triamine pentaacetic acid 
(DTPA) renal scan.

Case 1: A 5 year-old male child had 1.5cm 
PUJ calculus with total intrarenal pelvis. He un-
derwent pyelolithotomy in general surgery unit. 
During the procedure, he had PUJ disruption 
which was sutured over double J (DJ) stent. Post 
operative course was uneventful. DJ stent was 
removed after 6 weeks. Patient developed pain 
and fever after stent removal. He had progressive 
hydronephrosis on serial ultrasound (USG) scans. 
Retrograde Pyelography (RGP) with DJ stenting 
was tried but guide wire could not be passed 
beyond PUJ. Then the patient was submitted to 
ureterorenoscopy (URS) and complete blockage 
beyond the level of upper ureter was detected. Per-
cutaneous nephrostomy tube (PCN) was placed as 
drainage procedure and nephrostogram (Figure-1) 
was done after 2 weeks, which confirmed comple-
te PUJ blockage. Due to the presence of intrarenal 
pelvis and gross periureteric fibrosis we decided 

to perform ureterocalycostomy (Figure-2) as first 
choice which was performed after 6 months from 
primary procedure.

Figure 1 - Nephrostomogram showing complete blockage 
at PUJ.

Figure 2 - Intraoperative photo–completion of procedure.

Case 2: A 35 year old male underwent left 
pyeloplasty for left pelviuretric junction obstruc-
tion. After DJ removal, at 6 weeks he developed 
pyonephrosis and perinephric abscess for which 
percutaneous nephrostomy and drainage of abs-
cess was done. At that time, on evaluation by 
nephrostogram, DTPA renal scan and retrograde 
pyelography, he was found to have functioning 
and obstructed renal unit. On nephrostomogram he 
had complete obstruction distal to pelviuretric junc-
tion. He was submitted to left ureterocalycostomy 
with DJ and PCN elsewhere. DJ stent was removed 
subsequently. Patient presented to us 9 months ago 
with features of pyonephrosis on left side for which 
he underwent left PCN insertion. Subsequently he 
was re-evaluated by nephrostomogram, computeri-
sed tomogram, intravenous pyelography (CT-IVP), 
DTPA scan and found to have normal functioning 
obstructed left renal unit without drainage beyond 
ureterocalycostomy site. RGP and DJ stenting 
were tried but failed due to inability to pass the 
guide wire beyond anastomotic site, suggestive of 
anastomotic stricture. We performed a redo-urete-
rocalycostomy by guillotine technique (Figure-3) 
with DJ stenting. Intraoperatively we found gross 
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Figure 3 - Intraoperative photo-Guillotine technique. Figure 4 - RGP showing left upper ureteric stricture.

perianastomotic site fibrosis and anastomotic site 
stricture. Contour of lower pole of kidney was 
maintained suggestive of previous anastomosis by 
incision/coring technique.

Case 3: a 23 year old female with left 
upper ureteric stricture secondary to tuberculosis 
(proved on urine AFB positive) with solitary 
functioning kidney. She underwent left DJ 
stenting and anti-tuberculous treatment. After 
completion of intensive phase, she underwent 
left ureteropyeloplasty over DJ with excision of 
strictured segment elsewhere 4years ago. After 
DJ removal at 6 weeks, she developed pain, fever 
and pyonephrosis for which PCN was placed and 
referred to us. Subsequently, she was evaluated by 
nephrostogram, CT IVP, and DTPA scan and found 
to have normal functioning obstructed left renal 
unit without drainage beyond anastomotic site. 
RGP (Figure-4) and re- DJ stenting tried but failed 
due to inability to pass the guide wire beyond 
anastomotic site suggesting anastomotic stricture. 
Three years ago, we did ureterocalycostomy by 
guillotine technique over DJ stent. Intraoperatively 
she had gross perianastomotic site fibrosis and 
anastomotic site stricture. After 6weeks, DJ was 
changed as RGP showed inadequate drainage. 
Subsequently she needed two more DJ stent 
changes, after which she had non obstructed 
drainage which was evident on last RGP-IVP.

RESULTS

Three patients underwent ureterocalycos-
tomy, out of which one had redo-ureterocalycos-
tomy. Demographic profile is shown in Table-1. 
Two patients underwent primary procedures in 
other centres and one patient in our centre by 
general surgery unit before referring to Urology 
unit. One patient was primarily treated for pelvic 
stone with total intrarenal pelvis, one for PUJ obs-
truction and one for left upper ureteric stricture 
secondary to tuberculosis. Pre operative profile is 
shown in Table-2. All three patients were asymp-
tomatic till last follow-up (1 case after 3 times 
change of stent every 3 months) with objective 
evidence of obstruction relief (Figure-5) (Table-3).

DISCUSSION

Historically described by K. Neuwirt in 1947 
(4), the surgical technique most commonly used 
today was delineated by Hawthorne et al. (5). Due 
to its particular indication, this procedure is rarely 
performed and operator has limited experience (6). 
Basically it is used for pyeloureteric union in which 
conventional pyeloplasty cannot be performed, 
whether as first treatment or repeated surgery, 
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Table 1 - Demographic profile.

Case 1 Case 2 Case 3

Age(years) 6 35 23

Gender Male Male Female

Table 2 - Preoperative and Intraoperative findings.

Case 1 Case 2 Case 3

Primary disease Pelvic stone with intrarenal 
pelvis

PUJ obstruction Left upper ureteric stricture(TB)

Primary procedure Pyelolithotomy Pyeloplasty and 
Ureterocalycostomy

stricturoplasty

Complications / event in 
perioperative period during 
primary procedure

PUJ disruption Wound infection and long term 
leak, perinephric abscess

-

Primary procedure Our centre, by Surgical unit Other centre Other centre

Salvage Procedure done Ureterocalycostomy Redo-Ureterocalycostomy Ureterocalycostomy

Intraoperative findings Severe peripelvic and 
periureteric scarring+

Severe scarring at 
perianastomotic site

Severe peripelvic  and 
periureteric scarring

Figure 5 - Follow-up IVP-adequate drainage across 
anastomosis.

due to complications of kidney stone surgery or 
for the treatment of renal or ureteric complications 
of tuberculosis (7) The most frequent indication is 
scarring resulting from previous open surgery for 
stone removal or repair of PUJ obstruction (8). In 
many cases redo-pyeloplasty or endopyelotomy are 
the alternatives which can be used (9). In our cases, 
these options could not be used as in one case, 
pyelolithotomy was done for PUJ stone with total 
intra-renal pelvis having intraoperative disruption 
of PUJ, in the second case pyeloplasty and once 
ureterocalycostomy and in the last case due to post-
ureteropyeloplasty for long upper ureteric stricture. 
Secondary PUJ stenosis following conventional 
pyeloplasty, open stone surgeries or endopyelotomy 
is complicated by peripelvic inflammation and dense 
fibrosis caused by urine extravasation which make 
them unsuitable for redo PUJ reconstruction (10).

Preoperative patient evaluation is the key 
to success for the procedure. It is imperative the 
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location and the extent of the disease segment 
assessed with preoperative imaging including re-
trograde/antegrade pyelography/IVP and nucle-
ar renography to assess the renal function (1). 
Surgical techniques used in all cases include 
some key points which are access through vir-
gin area, dissection of ureter with good amount 
of adventitial tissue, guillotine amputation of 
lower pole parenchyma, wrapping of anastomo-
sis with omental graft, stenting of anastomosis 
with proximal diversion and achieving addi-
tional length by renal descensus, resection of 
ureteric tissue until normal and vascular tissue 
is identified with wide lateral spatulation (10). 
Guillotine amputation of lower pole is better 
than simple wedge resection or incision techni-
que to avoid the anastomotic stricture (11). As 
in our second case, in which previous surgeon 
used incision/wedge resection technique during 
redo-ureterocalycostomy, contour of lower pole 
of the kidney was found intact.

In genitourinary tuberculosis, long 
upper ureteric stricture may develop. For such 
cases, Couvelaire reported good result with 
ureterocalycostomy (12). We had one case 
who was treated with antitubercular treat-
ment with double J stent and after 6 weeks, 
ureteropyeloplasty was done elsewhere which 
subsequently failed for which we have done 
ureterocalycostomy with renal descensus and 
nephropexy. Same patient needed three times 
change of stent every 3 months to achieve 
non-obstructed drainage evident on IVP.

Applying technical details meticulous-
ly leads to better results. No patient had ma-
jor complication except one with proven geni-
tourinary tuberculosis who needed three times 

change of stent which may be due to minimal 
residual disease which got settled later on.

Post operative results were assessed by 
USG/IVP with or without isotope renal scan in 
all cases and had resolving hydronephrosis with 
non-obstructive drainage with minimum follow-
-up of 6 months and maximum of 3 years. Shah 
TP et al. operated 25 cases of ureterocalycos-
tomy of which 22 had clinical and radiological 
improvement (10). Arap et al. reported clinical 
and radiological improvement after laparoscopic 
ureterocalycostomy for complicated upper urina-
ry tract obstruction in all 6 cases after median 
follow-up of 30 months (13).

CONCLUSIONS

Ureterocalycostomy is the final resort for 
salvaging functioning renal unit having com-
plex secondary PUJ strictures. Likely situations 
include post pyelolithotomy for PUJ stone with 
complete intrarenal pelvis and PUJ disruption, 
long upper ureteric stricture (TB) and post urete-
rocalycostomy anastomotic stricture, if it is done 
by incision/wedge resection technique primarily.
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Objectives: To evaluate the feasibility, safety and surgical results of skeletonized mesh 
implants to form a pelvic harness for pelvic floor reconstruction surgery.
Study design: Patients with advanced pelvic floor prolapse were enrolled to this study. 
Study model was a kit mesh, reduced to 75% of the original surface area by cutting out 
mesh material from the central mesh body. Patients were evaluated at the end of the 1st 

and 6th post-operative months and interviewed at the study conclusion.
Results: Ninety-five women with advanced pelvic floor prolapse had this implant. 
Mean follow-up duration was 9 months (6-12 months). The POP-Q point’s measure-
ments showed marked and statistically significant improvements. Bladder over-activity 
symptoms, fecal incontinence, pelvic pain and constipation rates were all reduced as 
well. No adverse effects related to the dissection or mesh implantation were marked. 
The first and sixth post-operative month follow-up records as well as the study con-
clusion interview findings were satisfactory in terms of subjective and objective cure 
and adverse effects occurrence.
Conclusion: This study data proposes that skeletonizing meshes might be safely and 
successfully implanted for potentially improved pelvic floor reconstruction.
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INTRODUCTION

Pelvic organ prolapse (POP) is a common 
condition negatively affecting the quality of life 
of millions of women worldwide, with a lifetime 
prevalence of 11% (1). Women with advanced 
symptomatic POP experience daily discomfort, 
as well body image dissatisfaction and impaired 
sexual function (2). Treatment for POP requires 
significant health care resources (3), with an 
ever-growing impact in parallel with the growing 
elderly population (4,5). 

According to recent studies, approximately 
one in ten women will undergo surgery for POP 
and/or incontinence during their lifetime (6). Many 
favor the trans-vaginal route over the abdominal 
approach; hence, the vagina is widely accepted as 
the natural orifice for POP reconstruction. Yet, POP 
repair surgeries have an unacceptably high failure 
rate with a 10-year reoperation rate of 17% repor-
ted by some (7) and disagreed by others (8). This 
may be attributed to weakness of fascial tissue, re-
lated to genetic factors, reduced collagen content or 
increased collagen destruction (9).
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In an attempt to reduce these high fai-
lure rates, synthetic meshes were designed and 
implanted. They provided reinforcement and 
better support for vaginal surgical repair of 
prolapse. This led to a significant reduction in 
anatomical failure and reoperation rates (10, 
11). However, mesh implant-related compli-
cations ranged from mild issues of transient 
pain and small mesh erosions to severe adverse 
effects such as large vaginal mesh exposures or 
extrusions, perforations into the bladder or bo-
wel, and chronic pain. Mild mesh complications 
can be managed conservatively, but bladder or 
bowel injuries, fistulae, abscess formation, and 
debilitating pain may require repeat surgery 
and are not always curable (12).

One of the recent implant modifications 
aimed at reducing adverse effects is the par-
tial absorbable mesh (13-15). It is assumed that 
significant reduction of the implant mass may 
lead to reduction of the adverse effects and 
complications of the graft that are thought to 
be directly related to the mesh mass.

The current pelvic floor implant meshes 
are designed to cover the whole pelvic floor 
area, even though the native pelvic floor ar-
chitecture is more ligamentary rather than a 
sheath-like. This leads to creation of large sur-
face area of the mesh implants and to poten-
tially increased rate of mesh related post-ope-
rative complications. The most significant mesh 
complications are erosions and post-operative 
pelvic pain which probably are directly related 
to the implant total mass and surface area. As 
mesh surgery is an important surgical tool for 
pelvic floor reconstruction, it is important to 
look for new ways to reduce the mesh compli-
cation rates.

In this study we suggest skeletonization 
of the common used pelvic floor mesh implants 
and making that structure more ligamentary 
than fascial by a significant reduction of the 
total implant mass, to create a pelvic harness 
rather than sheath-like implant (Figure-1).

The aim of this study was to evaluate 
the feasibility, safety and short-term surgical 
results of skeletonized mesh implants for pelvic 
floor reconstruction surgery.

MATERIALS AND METHODS

We conducted a prospective observational 
study following women, scheduled to undergo re-
constructive pelvic surgery for symptomatic and 
advanced anterior or posterior pelvic floor com-
partment prolapse, using trans-vaginal mesh im-
plants, during January 2012 to March 2013. The 
local IRB approved the study protocol.

All women experiencing symptomatic sta-
ge 3 vaginal wall prolapse, and being at increased 
risk for prolapse recurrence, who have been sche-
duled for POP vaginal reconstruction with a mesh 
implant were included in the study, after having 
a meticulous explanation regarding the potential 
benefits and adverse effects of having a small 
mesh implant. Risk factors for prolapse recurrence 
included previous POP reconstructive surgery and 
clinical assessment of poor pelvic floor tissue. Ex-
clusion criteria were pelvic inflammatory disease 
and chronic pelvic pain.

Prior to surgery, all patients completed 
a comprehensive questionnaire on symptoms of 
prolapse, urinary, bowel, and sexual malfunction. 
Preoperative evaluation included a detailed pel-
vic site-specific vaginal examination at lithotomy 
position with a Sim’s speculum during a maxi-
mal Valsalva maneuver and Pelvic Organ Prolapse 
Quantification (POP-Q) measurements and staging 
according to the standardized International Con-
tinence Society (ICS) scoring system (16). Each 

Figure 1 - Anterior mesh surface area reduction.
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compartment (apical, anterior and posterior) was 
separately evaluated for detection of defects in 
pelvic support.

Patients underwent trans-vaginal mesh 
placement using the partially absorbable mesh 
Gynecare Prolift+M (Ethicon, Summerville, USA), 
minimized by mesh body cutting down of 75% 
of the mesh surface, giving it a skeletonized li-
gamentary harness appearance. Anti-incontinen-
ce surgery was performed when indicated using 
sub-mid-ureteral synthetic tape, according to the 
surgeon’s preference.

All patients were administered first gene-
ration Cephalosporin 1g intravenously, half an 
hour before surgery. An iodine antiseptic wash 
was applied to the area prior to the onset of sur-
gery. All procedures were performed under gene-
ral anesthesia. The detailed surgical technique was 
as published before (17). This included 50 millili-
ter saline hydro-dissection at the mid-line of the 
affected compartment vaginal wall, longitudinal 
incision, sub fascial lateral dissection towards the 
pelvic side wall up to the iliac spine and then to 
the mid-portion of the sacro-spinous ligament, 
through pass of the needle guide and the mesh 
arm thereafter. The other pair of arms was passed 
through the obturator plate for the anterior com-
partment or through the para-anal area for the 
posterior compartment reconstruction. The redu-
ced mesh was placed and flattened, and the vagi-
nal wall was re-sutured by two layers: first fascia 
and then mucosa with running absorbable sutures.

At the end of the 1st and 6th postoperative 
months, all patients were asked to complete the 
same questionnaire they had been given before 
surgery, and patients were re-evaluated with site-
-specific vaginal pelvic examination. Postopera-
tive pain was assessed with the visual analogue 
scale (0-10) where 10 indicate maximal pain.

At the study conclusion, patients were 
interviewed by telephone for possible mesh-re-
lated complications and pelvic floor symptoms. 
The primary outcome measure was the mesh im-
plant adverse effects, and the secondary outco-
me measure was the subjective cure rate, among 
the patient group.

Statistical analysis was performed with 
Vassar Stats Statistical Computation. The Wilco-

xon signed-ranks test was used to evaluate quanti-
tative parameters data distribution among groups.

Point bi-serial correlation coefficient was 
used to calculate P values for changes from base-
line to postoperative parameters. Significance has 
been set for a value of P<05.

RESULTS

Of the 100 women enrolled in this study, 5 
refused participation after having a thorough in-
formed consent presentation, while 95 (95.0%) ac-
cepted participation and underwent surgery using 
the skeletonized non-absorbable mesh implants 
from January 2012 through March 2013 (Figure-2). 
The mean age was 64.5±9.0 year (range 43-83); 
all patients had advanced anterior or posterior 
wall prolapse, and all were admitted for correc-
tive surgery with the skeletonized mesh implants. 
The mean follow-up duration was 9.5±3.8 months 
(6-12 months). Patient’s characteristics are shown 
in Table-1. Only 17 women (17.9%) had previous 
POP surgery and 16 (16.84%) had previous hyster-
ectomy. All patients had anterior mesh, 46 women 
(48.4%) had also posterior pelvic floor reconstruc-
tion (21 with mesh implants) and 33 (34.7%) had a 
concomitant anti-incontinence procedure.

Mesh implementation and placement was 
feasible in all cases. Regarding the primary outco-
me measure, there was not a negative effect of the 
skeletonization or any difference in insertion than 
the original mesh procedure. The perioperative 
complications are summarized in Table-2. No ma-
jor complications were noticed, viscera were not 
injured, blood transfusion was not indicated, pain 
and infection rate and severity were modest. No 
adverse effects related to the dissection or mesh 
implantation were marked.

The postoperative POP-Q measurements 
showed marked statistically significant improve-
ments: the average delta for the POP-Q Ba point 
was 7.51cm, for the Bp point it was 2.69cm, and 
for the C point the delta was 6.72cm. The secon-
dary outcome measures, including the subjective 
and objective cure rates, urinary, sexual and de-
fecation functions are shown in Table-3. Bladder 
over-activity symptoms, namely urgency, fre-
quency and nocturia, were all found to be reduced 
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Figure 2 - Patient flow-chart
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Table 1 - Patients characteristics (N = 95).

Variable Mean±SD

Age 64.5±9.0 (Rang:43-83 Year)

Parity (no.) 2.6±1.6

BMI 24.8±2.4

Previous hysterectomy 16 (16.8%)

Previous POP surgery 17 (17. 9%)

Background chronic illness 35 (36.8%)

Follow-up duration 9.5±3.8 (6-12 Mnt)

Concomitant posterior compartment mesh* 25 (26.3%)

Concomitant posterior compartment colporrhaphy 21 (22.1%)

Concomitant anti USI operation** 33 (34.7%)

POP = Pelvic organ prolapse; USI = Urinary stress incontinence; Mnt = Month
* 12 skeletonized Prolift +M, 12-Prosima, 1-Elevate
** 22-TVTA, 9-TVTS, TVTO-2 

Table 2 - Operative details.

No. (%) Outcome

Successful mesh placement 95 (100%)

Urinary, bowel or ureteral injury 0 (0.0%)

Operative bleeding > 200 ml 4 (4.2%) No blood transfusion

Hematoma 1 (1.0%) Self-resumed

Late post-operative pelvic pain 1 (1.0%) Surgical mesh arm release at OR

Gluteal abscess 1 (1.0%) Antibiotics

Granulation tissue 1 (1.0%) Surgical removal at the outpatient clinic

Cervical elongation 1 (1.0%) Partial cervical amputation
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significantly. Faecal incontinence, pelvic pain and 
constipation rates were reduced as well. The first 
and sixth post-operative month’s follow-up re-
cords as well as the study conclusion interview 
findings were satisfactory in terms of subjective 
and objective cure and adverse effects occur-
rence. There was a statistically significant im-
provement in bladder over-activity symptoms 
and stress urinary incontinence. There were only 
two cases (2.1%) of dyspareunia not significan-
tly different from preoperative rate. The overall 
subjective and objective outcome results of this 
study are promising (Figure-3).

DISCUSSION

Petros previously suggested ligamentary 
sling rather than large mesh implants for rein-
forcement for pelvic floor reconstruction (18). 
This is the first study looking at the possibility 
to minimize an in-use mesh implants surface 
area by skeletonization to a ligamentary har-
ness rather than a large sheath mesh support, 
for potential reduction of mesh related com-
plications, mainly erosion and pain, attributed 
significantly to the left over mesh mass.

The main findings of this study are that 
minimizing this mesh to a skeletonized ligamen-
tary harness model for primarily reinforcement 
of the pelvic floor ligaments is feasible, effecti-
ve and safe as the original mesh implant. These 
findings are attributed probably to the fact that 
a substantial fraction of the implant, affecting 
the pelvic soft tissue negatively and causing pel-
vic pain, might be not necessary for pelvic floor 
reconstruction reinforcement. The native pelvic 
floor supportive tissue architecture is basically li-
gamentary rather than a flattened fascial sheath, 
thus the mesh reinforcing implants should have 
the form of a “ligamentary pelvic harness” rather 
than a sheath. Most of the mesh implants adver-
se effects are likely related to excessive implanted 
mesh mass, thus shifting from large and high sur-
face area implants (17, 19) to small surface area 
sling framework might very well reduce unwanted 
adverse effects.

Pain reduction is crucial when considering 
mesh implantation. It is especially important in 
the sexually active patient who might have dys-
pareunia after POP reconstruction.

We found no inferiority with the 
outcome among women who underwent vaginal 

Table 3 - Patients outcome.

Variable Prior to surgery First Post-Op Mnt Sixth Post-Op Mnt P value

Urgency 54 (56.8) 10 (10.5) 13 (13.7) <0.001*

Frequency 45 (47.4) 6 (6.3) 10 (10.5) <0.001*

Nocturia 47 (49.6) 7 (7.4) 2 (2.1)

SUI 40 (42.1) 9 (9.5) 10 (10.5) <0.001*

Dyspareunia 1 (1.1) 1 (1.1) 2 (2.1) NA

Anatomical objective outcome POP-Q points (Cm)

Ba 4.7±1.1 -2.9±0.4 -2.9±0.4 <0.001*

Bp 0.3±2.5 -2.5±1.2 -2.5±1.2 <0.001*

C 0.6±3.3 -6.3±0.9 -6.3±0.9 <0.001*

* All p values were statistically significant for the difference between status prior to surgery and 1 month following surgery.
No significant differences were found between 1 and 6 months following surgery.
4 patients had asymptomatic grade 2 rectocele (Bp = 1,1,0,0) at sixth follow-up visit.
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reconstructive surgery with skeletonized partially 
absorbable mesh implants for the pelvic fl oor, 
regarding other intra-and post-operative adverse 
effects or pelvic fl oor dysfunction symptoms. The 
postoperative anatomical and subjective fi ndings 
were similar as well.

This technique is not more complicated, 
neither more hazardous to perform than the com-
mon one.

This study strength is limited by being sin-
gle armed and by having rather short-term follow-
-up. Further larger randomized controlled long-
-term studies should be carried out to shed more 
light on this important issue of minimizing the 
augmented mesh surface area and adapting the 
concept of ligamentary rather than a fascial she-
ath correction of pelvic organs prolapse. Althou-
gh the particular mesh used in the present study 
is no longer available, the principal benefi ts and 
drawbacks of the skeletonized, ligamentary mesh 
implant harness are valuable and meaningful.

COnCLusIOns

Given that POP is a herniation process, one 
must acknowledge the importance of replacing the 

weakened fascia that caused the hernia defect with 
an implant to reinforce the reconstructive proce-
dure, for assuring long-term cure. Yet, the surgeon 
must endeavor to reduce the mesh-related compli-
cations. This current study offers a new way for 
mesh implant adverse effects reduction, by adop-
ting the skeletonized mesh concept.

COnfLICT Of InTEREsT

None declared.

REfEREnCEs

1. Olsen AL, Smith VJ, Bergstrom JO, Colling JC, Clark AL. 
Epidemiology of surgically managed pelvic organ prolapse 
and urinary incontinence. Obstet Gynecol. 1997;89:501-6.

2. Nygaard I, Barber MD, Burgio KL, Kenton K, Meikle S, 
Schaffer J, et al. Prevalence of symptomatic pelvic fl oor 
disorders in US women. JAMA. 2008;300:1311-6.

3. Subak LL, Waetjen LE, van den Eeden S, Thom DH, Vittinghoff 
E, Brown JS. Cost of pelvic organ prolapse surgery in the 
United States. Obstet Gynecol. 2001;98:646-51.

4. Boyles SH, Weber AM, Meyn L. Procedures for urinary 
incontinence in the United States, 1979-1997. Am J Obstet 
Gynecol. 2003;189:70-5.

 1 

 
Figure No. 3: Objective and Subjective success rate  
 

 
 

 

 

 

 
u= Urinary Urgency 
f = Urinary Frequency 
n = Nocturia 
SUI: Stress Urinary Incontinence 
BA = B anterior POP-Q point 
C = C POP-Q point 
BP = B posterior POP-Q point 

57%

47% 49%

42%

100%

39% 40%

14%
11%

2%

11%

0% 0% 3%

76%
78%

96%

75%

100% 100%

92%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

u f n SUI BA>0 C>0 BP>0

Before

After (6 m)

Success rate

figure 3 - Objective and subjective success rate

u= Urinary Urgency; f = Urinary Frequency; n = Nocturia; suI = Stress Urinary Incontinence; BA = B anterior POP-Q point; C = C POP-Q 
point; Bp = B posterior POP-Q point



ibju | Skeletonized mesh implant for POP reconstruction

513

5.	 Luber KM, Boero S, Choe JY. The demographics of 
pelvic floor disorders: current observations and future 
projections. Am J Obstet Gynecol. 2001;184:1496-501; 
discussion 1501-3.

6.	 Smith FJ, Holman CD, Moorin RE, Tsokos N. Lifetime risk 
of undergoing surgery for pelvic organ prolapse. Obstet 
Gynecol. 2010;116:1096-100.

7.	 Denman MA, Gregory WT, Boyles SH, Smith V, Edwards 
SR, Clark AL. Reoperation 10 years after surgically 
managed pelvic organ prolapse and urinary incontinence. 
Am J Obstet Gynecol. 2008;198:555.e1-5.

8.	 Chen Y, DeSautel M, Anderson A, Badlani G, Kushner L. 
Collagen synthesis is not altered in women with stress 
urinary incontinence. Neurourol Urodyn. 2004;23:367-73.

9.	 Deprest J, Zheng F, Konstantinovic M, Spelzini F, Claerhout 
F, Steensma A, et al. The biology behind fascial defects 
and the use of implants in pelvic organ prolapse repair. 
Int Urogynecol J Pelvic Floor Dysfunct. 2006;17:S16-25.

10.	 Withagen MI, Milani AL, den Boon J, Vervest HA, Vierhout 
ME. Trocar-guided mesh compared with conventional 
vaginal repair in recurrent prolapse: a randomized 
controlled trial. Obstet Gynecol. 2011;117:242-50.

11.	 Nguyen JN, Burchette RJ. Outcome after anterior vaginal 
prolapse repair: a randomized controlled trial. Obstet 
Gynecol. 2008;111:891-8.

12.	 Jakus SM, Shapiro A, Hall CD. Biologic and synthetic graft 
use in pelvicn surgery: a review. Obstet Gynecol Surv. 
2008;63:253-66.

13.	 Cobb WS, Burns JM, Peindl RD, Carbonell AM, Matthews 
BD, Kercher KW, et al. Textile analysis of heavy weight, mid-
weight, and light weight polypropylene mesh in a porcine 
ventral hernia model. J Surg Res. 2006;136:1-7.

14.	 Schug-Pass C, Tamme C, Sommerer F, Tannapfel A, Lippert H, 
Köckerling F. A lightweight, partially absorbable mesh (Ultrapro) 
for endoscopic hernia repair: experimental biocompatibility 
results obtained with a porcine model. Surg Endosc. 
2008;22:1100-6.

15.	 Ozog Y, Mazza E, De Ridder D, Deprest J. Biomechanical effects of 
polyglecaprone fibers in a polypropylene mesh after abdominal 
and rectovaginal implantation in a rabbit. Int Urogynecol J. 
2012;23:1397-402.

16.	 Bump RC, Mattiasson A, Bø K, Brubaker LP, DeLancey JO, 
Klarskov P, et al. The standardization of terminology of female 
pelvic organ prolapse and pelvic floor dysfunction. Am J Obstet 
Gynecol. 1996;175:10-7.

17.	 Jacquetin B, Fatton B, Rosenthal C, Clavé H, Debodinance P, 
Hinoul P, et al. Total transvaginal mesh (TVM) technique for 
treatment of pelvic organ prolapse: a 3-year prospective follow-
up study. Int Urogynecol J. 2010;21:1455-62.

18.	 Petros PE, Richardson PA. The TFS mini-sling for uterine/vault 
prolapse repair: a three-year follow-up review. Aust N Z J Obstet 
Gynaecol. 2009;49:439-40.

19.	 Rogowski A, Bienkowski P, Tosiak A, Jerzak M, Mierzejewski P, 
Baranowski W. Mesh retraction correlates with vaginal pain and 
overactive bladder symptoms after anterior vaginal mesh repair. 
Int Urogynecol J. 2013;24:2087-92.

_______________________
Correspondence address:

Menahem Neuman, MD
Departments of Obstetrics and Gynecology

Urogynecology Unit, Western Galilee Hospital, Nahariya
7 Te’ena st, Carmei-Yosef, Israel, 99797

Fax: +97 289 287-983
E-mail: mneuman@netvision.net.il



ORIGINAL ARTICLE

514

The outcomes of two different bulking agents (dextranomer 
hyaluronic acid copolymer and polyacrylate-polyalcohol 
copolymer) in the treatment of primary vesico-ureteral reflux
_______________________________________________
Hakan Taşkinlar 1, Dincer Avlan 1, Gokhan Berktug Bahadir 2, Ali Delibaş 1, Ali Nayci 1

1 Department of Pediatric Surgery, Mersin University, School of Medicine, Mersin, Turkey; 2 Department 
of Pediatric Nephrology, Mersin University, School of Medicine, Mersin, Turkey

ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Purpose: Subureteral injection of bulking agents in the endoscopic treatment of ve-
sicoureteral reflux is widely accepted therapy with high success rates. Although the 
grade of vesicoureteric reflux and experience of surgeon is the mainstay of this suc-
cess, the characteristics of augmenting substances may have an effect particularly in 
the long term. In this retrospective study, we aimed to evaluate the clinical outcomes 
of the endoscopic treatment of vesicoureteric reflux (VUR) with two different bulking 
agents: Dextranomer/hyaluronic acid copolymer (Dx/HA) and Polyacrylate polyalco-
hol copolymer (PPC).
Materials and Methods: A total 80 patients (49 girls and 31 boys) aged 1-12 years 
(mean age 5.3 years) underwent endoscopic subureteral injection for correction of VUR 
last six years. The patients were assigned to two groups: subureteral injections of Dx/
HA (45 patients and 57 ureters) and PPC (35 patients and 45 ureters). VUR was grade II 
in 27 ureters, grade III in 35, grade IV in 22 and grade V in 18 ureters.
Results: VUR was resolved in 38 (66.6%) of 57 ureters and this equates to VUR correc-
tion in 33 (73.3%) of the 45 patients in Dx/HA group. In PPC group, overall success 
rate was 88.8% (of 40 in 45 ureters). Thus, Thus, this equates to VUR correction in 31 
(88.5%) of the 35 patients.
Conclusions: Our short term data show that two different bulking agent injections pro-
vide a high level of reflux resolution and this study revealed that success rate of PPC 
was significantly higher than Dx/HA with less material.
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INTRODUCTION

The endoscopic injection technique for 
the treatment of VUR was first described in adults 
by Matouschek in 1981 and the first clinical se-
ries was reported by O’Donnell and Puri in 1984. 
Although the success rates mainly depend on the 
VUR grade, surgeon’s experience, anatomic lo-
calization of ureters, the nature of the bulking 

material may also have an effect on the success 
rates (1-3). Over the past three decades diffe-
rent bulking agents such as collagen, polytetra-
fluoroethylene (Teflon®), polydimethylsiloxane 
(Macroplastique®), calcium hydroxyapatite (Co-
aptite®) have been used (4, 5). Dextranomer/hya-
luronic acid copolymer (Dx/HA, Deflux®, Q-Med, 
Uppsala, Sweden) was introduced into clinical 
use by Stenberg and Lackgren in 1995. After the 
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approval of Dx/HA in Europe and worldwide cli-
nical studies showing high resolution rates of 
VUR, it became widely accepted bulking agent 
in the endoscopic treatment of VUR (6). Dx/HA 
is composed of dextranomer microspheres and 
non-animal hyaluronic acid components that 
forms a viscous gel. Dextranomer microspheres 
are formed by cross-linking dextran polymers 
into porous beads of 80-120µm in diameter. 
A relatively new tissue augmenting material 
polyacrylate polyalcohol copolymer (PPC, Van-
tris®, Promedon, Cordoba, Argentina) is a non-
-biodegradable bulking agent that belongs to 
the family of acrylics: particles of polyacrylate 
polyalcohol copolymer. This copolymer is im-
mersed in glycerol with a physiological solution 
carrier. The average diameter of PPC particles is 
300µm with a higher molecular mass. After the 
implantation of PPC, it induces fibroblastic gro-
wth by high superficial electronegativity to be 
covered by a fibrous capsule. This fibrotic cap-
sule leads to stability and endurance of injected 
material, affects the local and distant migration 
and also the success rate (7).

In this retrospective study, we reported 
the outcomes and success rates of two different 
bulking agents (Dx/HA and PPC) and analyzed 
the factors affecting the results in the endosco-
pic treatment of VUR in children.

PATIENTS, MATERIALS AND METHODS

We retrospectively reviewed the medical 
records of all cases that underwent endosco-
pic treatment for primary grade II-V VUR by 
the same surgeon between 2007 and 2014. The 
surgeon had previous experience with different 
bulking agents such as polytetrafluoroethylene, 
calcium hydroxyapatite and also with Dx/HA. 
Patients with anatomic malformations (ureteral 
duplication, posterior urethral valve, paraurete-
ral diverticula) and neurogenic disorders were 
excluded from the study. A total of eighty pa-
tients (49 females and 31 males) were assigned 
into two groups: subureteral injection of Dx/HA 
and subureteral injection of PPC. The children 
with dysfunctional voiding who were diagnosed 
by history, uroflowmetry or multichannel uro-

dynamics were primarily allocated to conserva-
tive treatment. The radiologic grading of VUR 
was based on the voiding cystourethrogram 
(VCUG) according to the international classifi-
cation system (International Reflux Study Com-
mittee) before and after the surgery or during 
the conservative treatment (8). Dimercaptosuc-
cinic acid (DMSA) renal scan was used to assess 
renal scarring in preoperative and postoperative 
follow-up. All patients received antibiotic pro-
phylaxis until VCUG showed spontaneous reso-
lution or definitive cure of the VUR.

The indications for intervention were 
breakthrough urinary tract infection (UTI) while 
on antibiotic prophylaxis, progression of renal 
scarring and persistent VUR after at least one 
year of non-operative management. Dx/HA was 
used as a bulking agent from January 2007 to 
December 2010, whereas PPC was preferred as 
injection therapy from January 2011 to Decem-
ber 2014. All injections were performed under 
general anesthesia. Briefly, the patients were 
placed in the lithotomy position and the skin 
was prepared. Bladder was filled about to 70% 
of the estimated bladder capacity. 9.5Fr pedia-
tric cystoscope with a 5Fr working channel was 
used for the procedure. The usual technique of 
subureteral injection is: first the ureteral orifice 
is determined and the needle is introduced sub-
mucosally under the ureteral orifice at 6 o’clock 
position. After the injection of the bulking ma-
terial the needle is left in place for 1 minute 
(Figure-1). Patients were maintained on their 
antibiotic prophylaxis until the reflux was do-
cumented to be absent on postoperative VCUG 

Figure 1 - After the injection of bulking material the needle 
was left in place for 1 minute.
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3 months after the injection. Patients who fai-
led initial injection were offered a second in-
jection or open surgery and a new VCUG was 
performed 3 months after the second injection 
or the surgery. Statistical analysis was perfor-
med by using SPSS statistical software, version 
11.0 (SPSS Inc. Chicago, III. USA). Means, stan-
dard deviations and percentages were used for 
descriptive statistics. Group comparisons were 
performed using the independent t test for con-
tinuous data and chi-squared test for the cate-
gorical data. Values of P<0.05 were considered 
statistically significant.

RESULTS

The demographic data and the patient 
characteristics of both groups are presented in 
Table-1. There was no significant difference in 
baseline characteristics between the groups. Dx/
HA group included forty-five patients, 29 girls 
(64%) and 16 boys (36%), with a mean age of 5.3 
years (range 1-12 year). The mean follow-up was 
32 months (18 to 60 months). In this group, VUR 
was unilateral in 33 (73%) and bilateral in 12 

(27%) patients comprising 57 ureters. VUR was 
grade II in 15 (26.5%), grade III in 20 (35%), gra-
de IV in 12 (21%) and grade V in 10 (17.5%) ure-
ters. Eighteen patients who had voiding dysfunc-
tion were properly treated before intervention.

Thirty-five patients, 20 girls (57%) and 15 
boys (43%), with a mean age of 5.4 years (range 
1-11years) and 45 ureters were treated with PPC 
injection. The mean follow-up was 28 months (10 
to 47 months). Twenty-five patients (71%) had 
unilateral and 10 patients (29%) had bilateral 
VUR. There were 12 (27 %) ureters graded as II, 
15 (33%) as III, 10 (22%) as IV and 8 (18%) as V. 
Sixteen patients had voiding dysfunction in PPC 
group.

The comparative success rates betwe-
en both groups and resolution of VUR in both 
groups according to the reflux grades are sho-
wn in Table-2 and Table-3. VUR was resolved in 
30 (52.6 %) of the 57 ureters after a single Dx/
HA injection. The success rate rose to 38 (66.6%) 
in 57 ureters after the second injection and this 
equates to VUR correction in 33 (73.3%) of the 
45 patients. The mean injected volume of Dx/HA 
was 0.9ml (range 0.4-1.5ml) (Table-2). The resi-

Table 1 - Demographic data and patients characteristics of two groups.

Dx/HA
(n=45)

PPC
(n=35)

Mean age (years) 5.3 5.4

Gender

Male 16 (36%) 15 (43%)

Female 29 (64%) 20 (57%)

Number of ureter 57 45

Laterality

Unilateral 33 (73%) 25 (71%)

Bilateral 12 (27%) 10 (29%)

VUR grade

II 15 (26.5%) 12 (27%)

III 20 (35%) 15 (33%)

IV 12 (21%) 10 (22%)

V 10 (17.5%) 8 (18%)

P values were all non-significant for the above mentioned data.
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dual VUR was observed in 19 ureters (grade V in 
9, grade IV in 6 and grade III in 4 ureters). These 
refluxing ureters were corrected by open surgery.

In PPC group, the success rate with a single 
injection was 82% (37 of 45 ureters), while 88.8% 
(40 of 45 ureters) after the second injection. Thus, 
this equates to VUR correction in 31 (88.5%) of the 
35 patients. The mean injected volume of PPC per 
ureter was 0.5ml (range 0.2-1.2ml). Residual VUR 
was observed in 5 ureters (grade V in 3, grade IV 
in 2 ureters) in this group. All residual VUR were 
treated with ureteroneocystostomy.

When the results of the injection therapy 
were compared statistically, a significant diffe-
rence was found for success rates between the 
groups. The success rates of PPC injection were 
significantly higher than the Dx/HA group for 
both single injection and multiple injections 
(p<0.05). Furthermore, there was a significant 
difference for injected volume of bulking agent 
between both groups. The injected volume of 
Dx/HA was much more than the volume of PPC 
(p<0.05). Ureteral obstruction, as a complication, 
did not emerge after injection or surgical therapy 
in both groups. Neither adverse reactions nor any 
signs of toxicity were observed in either group.

After injection, none of cured patients 
had recurrent UTI (febrile or afebrile) during the 

follow-up examination. However, nine (5 afebri-
le, 4 febrile) patients (20%) had UTI after Dx/HA 
injection, and 4 patients (11.5%) had febrile UTI 
after PPC injection. All of them showed persis-
tent high grade VUR in both groups.

DISCUSSION

The concept of the endoscopic correction 
of VUR offers a minimal invasive treatment in the 
management of urinary tract infection or renal 
parenchymal damage associated with reflux. Su-
bureteral injection of bulking agents has recently 
demonstrated good success rates for endoscopic 
treatment of VUR and has become increasingly 
popular for managing VUR. This technique was 
first described by Matouschek in 1981 and la-
ter popularized by Puri and O’Donnell (2). Con-
sequently, many different bulking agents have 
been used in the endoscopic treatment of VUR 
until now (4, 5, 9, 10). Since the Food and Drug 
Administration approved the use of Dx/HA co-
polymer for endoscopic treatment of VUR, it has 
gained popularity in many centers in the USA 
and Europe. It is a biocompatible substance with 
minimal immunogenic properties and a lack of 
distant migration (11). Dx/HA is the most studied 
bulking agent and there is enough long term data 

Table 2 - Comparison of the success rates after injection treatment with two different bulking agents.

Dx/HA
(ureter=57)

PPC
(ureter=45)

P value

Single injection 30 (52.6%) 37 (82%) P<0.05

Multiple injection 38 (66.6%) 40 (88.8%) P<0.05

Mean injected volume (mL) 0.9 0.5 P<0.05

Table 3 - Free of VUR after endoscopic treatment in both groups according to VUR grade.

Dx/HA PPC

VUR Grade RRU (n=57) Resolved (n=38) RRU (n=45) Resolved (n=40)

II 15 15 (100%) 12 12 (100%)

III 20 16 (80%) 15 15 (100%)

IV 12 6 (50%) 10 8 (80%)

V 10 1 (10%) 8 5 (62.5%)
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existing for understanding its effects. Although, 
the overall success rates of Dx/HA injection have 
been reported to be tremendously variable (50-
94%) by different authors (12, 13), meta-analysis 
demonstrated that, on average, 77% of ureters 
injected with Dx/HA were VUR free 3 months af-
ter injection (14, 15). Increasing experience and 
new injection techniques such as Hydrodisten-
tion Implantation Technique (HIT) and double 
HIT could have led to higher results over time, 
making this technique also applicable for high- 
grade VUR (12, 16). On the other hand, many of 
the studies included in meta-analysis had limited 
follow-up, only a single VCUG usually within 
the first 3-6 months postoperatively. Therefore, 
some recent studies with longer follow-up sug-
gest that these results may not be durable. A re-
cent study by Lee et al. reported a success rate of 
only 46% in 1 year and studies by Lackgren et al. 
and Oswald et al. also noted a significant failure 
rate with extended follow-up (17-19). Moreover, 
more recent data from the Swedish reflux trial, 
20% of previously successfully treated children 
recurred after 2 years of follow-up, despite re-
latively high success rates (20). In our study, the 
overall rate was 66.6% (38/57) ureters after Dx/
HA injection and this equates to VUR correction 
in 73.3% (33/45) of the patients. Although our 
results appear relatively low, they actually were 
consistent with other reports.

PPC, the relatively new bulking agent, is 
a non biodegradable synthetic material which le-
ads to the formation a fibrotic capsule, giving 
stability and long term permanence. The avera-
ge diameter of PPC particles is 320µm, thus, it 
causes a bulkiness that remains stable through 
time when injected into the soft tissues and re-
ducing the risk of local and distant migration (7, 
21). This material was tested with several in-vitro 
and in-vivo studies. These tests demonstrated 
that it was non-cytotoxic for cell lines in cultu-
re, didn’t cause sensation in mice and no signs 
of inflammation or necrosis in any organ after 
implantation (7). On the other hand, the clinical 
experience with PPC is still very limited. Firstly, 
in 2010, Ormaecheaet al. reported a multicenter 
trial from South America (22). In this study, 61 
patients with all grades of VUR completed a 1 

year follow-up. The number of injected ureters 
was 88 and the mean injected volume per unit 
was 0.76ml. The overall success rate of this se-
ries was 83.6%. Shortly after this study, Chertin 
et al. published preliminary data on endoscopic 
treatment of vesicoureteric reflux with PPC (21). 
Their series contained thirty-eight children with 
primary or complex VUR, and the results of the 
study were quiet satisfactory. The overall success 
rate was 92.1% in this series. Recently, the results 
of three years of prospective follow up have been 
reported by the same group (23). Their success 
rate was 92.7% after a single injection in all gra-
des of VUR and mean injected volume of PPC per 
ureter was 0, 7ml (range 0.1, 1ml). Moreover, all 
patients in this study have had ultrasound scan 
examination over a 3-year period. The results of 
ultrasound scan showed the proven evidence of 
long-term durability of PPC. Another study from 
Argentina showed 92.3% resolution rate accor-
ding to the renal refluxing unit and 93.82% ac-
cording to the number of patients with less than 
<1ml of material (24). According to our knowled-
ge, there is only one study comparing these two 
different bulking agents in chronic renal failu-
re adult patients indicating similar effectiveness 
with Dx/HA and PPC (79% versus %81) (25). In 
the current study, the overall success rate of PPC 
injection was 88.8% (40/45 ureters) and the mean 
injected volume per ureter was 0.5ml. Our results 
were in concordance with before mentioned stu-
dies.

In our study, when demographic data and 
success rates in both groups were compared, the-
re was not a significant difference in age, gender, 
laterality and reflux grade between both groups. 
The overall success rates of PPC were statistically 
higher than in Dx/HA group. In addition, mean 
injected volume of Dx/HA was statistically hi-
gher than PPC.

One of the most important observations 
to come out of the literature concerning Dx/HA 
is the steep learning curve for materials. Kirsch 
et al. reported a dramatic improvement after the 
first 20-30 cases in their two surgeon experience, 
suggesting a 10-15 case learning curve per sur-
geon (26). Because all injections have been per-
formed in our patients by the same experienced 
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surgeon, the learning curve for Dx/HA injections 
has not been considered to have negative effects 
on the current study. PPC is thought as a novel 
therapy by some authors due to its physiochemi-
cal properties, better bulking effect with lower 
doses and rapid learning curve (24, 27). We also 
believe that the differences between the results 
could be based on the biodegradable nature of 
bulking agents. As mentioned above, the mole-
cular mass of PPC is very high in contrast to Dx/
HA. Once injected, the particles of PPC are cove-
red by a fibrotic capsule causing a bulkiness that 
remains stable through time.

The limitations of our study are that it is 
a retrospective audit and with short term follow-
-up. The populations were studied in different pe-
riods of time which may affect the learning curve 
of the surgeon. We also have a longer follow-up 
period for Dx/HA than PPC that may affect the 
recurrence rate of each material. However, each 
material has more than 2-year follow-up period. 
Another limitation is not having a volume based 
radiologic study to measure the bulking agent 
after implantation which may give information 
about biodegradation or long term stability of 
these materials.

CONCLUSIONS

Subureteral injection of bulking agents is 
a safe, well tolerated, effective minimally inva-
sive outpatient procedure for treatment of chil-
dren with VUR. Although, our short term data 
show that two different bulking agent (Dx/HA 
and PPC) injections provide a high level of reflux 
resolution, this study suggest that PPC success 
rates are significantly higher than Dx/HA suc-
cess rates. However, multicenter studies and/or 
prospective randomized controlled trials with 
long term follow-ups are necessary to definitive-
ly compare bulking agents in their role as endos-
copic therapy for VUR.
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Purpose: The aim of this study was to evaluate the individual change of International 
prostate Symptom Score (IPSS) and Overactive Bladder Symptom Score (OABSS) in 
each patient by temperature conditions.
Materials and Methods: The severity of lower urinary tract symptoms (LUTS) was 
explored using the IPSS and OABSS questionnaires that were completed by 2.486 
subjects (923 males and 1.563 females) aged 60 years and older. Korea Meteorological 
Administration data was used to determine daily average temperature and daily tem-
perature difference on the interview dates at each site.
Results: The mean IPSS and mean age for males was 13.45±8.24 and 75.03±6.20 
years, respectively. The mean OABSS and mean age for females was 4.41±3.10 and 
73.74±6.03years, respectively. Daily average temperature and daily temperature di-
fference ranged from-3.4-28.3oC and 2.2-16.9oC, respectively. Age was a significantly 
risk factor for IPSS, OABSS, and QoL (P<0.001, <0.001, and 0.005, respectively). After 
multiple regression analysis, daily average temperatures did not show a statistically 
significant change in IPSS and OABSS. Only daily temperature differences were asso-
ciated with male LUTS.
Conclusions: While LUTS could be worsened in low temperatures generally, IPSS and 
OABSS were not affected by daily average temperature conditions. Daily temperature 
differences may be more influential than daily average temperatures.
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INTRODUCTION

Variance in environmental temperature 
has been associated with various diseases. The do-
cumented more frequent occurrence of myocar-
dial infarction in cold temperatures is attributed 
to increase in plasma viscosity, serum cholesterol 
levels, blood pressure, sympathetic nervous acti-
vities, and platelet aggregation (1, 2). Concerning 
the association between benign prostate hyperpla-

sia (BPH)/lower urinary tract symptoms (LUTS), 
according to the BPH/LUTS patients-based dataset 
of five-years (2008-2012) of National Health In-
surance in Korea, seasonal variations of visiting 
hospital patients between summer (June to Sep-
tember) and winter (January to March, November, 
December), it was highest in 2011 (29.0%) and lo-
west in 2009 (22.6%) (Figure-1).

Seasonal variations of LUTS were repor-
ted in several small longitudinal studies; cold 
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environmental stress and ambient temperature 
change elicited urinary sensations and frequent 
urination along with increasing heart rate and 
blood pressure (3, 4). However, seasonal changes 
were not observed in the International Prostate 
Symptom Score (IPSS), storage symptom score, 
voiding symptom score, and quality of life (QoL) 
(5, 6). As well, changes in fluid temperature did 
not significantly change the threshold volume of 
bladder sensation or increase the incidence of idio-
pathic detrusor overactivity in urodynamic studies 
(7). There is no general consensus about the effect 
of environmental temperature on LUTS associated 
with BPH and overactive bladder (OAB). Therefo-
re, we focused on ambient temperature as an en-
vironmental factor affecting LUTS associated with 
BPH or OAB, and attempted to explain the tempe-
rature difference changes in BPH or OAB severity.

To date, no large cross-sectional surveys 
have been performed to investigate the associa-
tion between daily temperature and LUTS. The aim 
of this study was to investigate this association by 
community-based survey.

MATERIALS AND METHODS

Methodology
This was a cross-sectional study. One in-

vestigator conducted face-to-face interviews with 
all study participants at senior welfare centers in 
South Korea between August 2010 and November 
2012 using the International prostate Symptom 
Score (IPSS) and Overactive Bladder Symptom 
Score (OABSS) questionnaires. The survey was 
conducted 36 times in 34 cities within seven major 
areas of South Korea: Seoul, Gyeonggi, Incheon, 
Daejeon, Daegu, Gwangju, and Busan (Figure-2).

Study Area
South Korea is located in the southern 

portion of the Korean Peninsula, which extends 
about 1.100km (680mi) from the Asian main-
land. The mountainous peninsula is flanked by 
the Yellow Sea to the west and East Sea to the 
east. The country, including all its islands, lies 
between latitudes 33º and 39º N, and longitudes 
124º and 130ºE. Its total area is 100.188 square 

Figure 1 - Seasonal benign prostatic hyperplasia (international classification of disease code; N40) patient number from 2008 
to 2012. L, low daily average temperature (<10ºC), (Jan. to Mar., Nov., Dec.); H, high daily average temperature (>20ºC) 
(Jun. to Sept.). The data set of National Health Insurance in Korea.
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kilometers (http://www.ngii.go.kr/kor/board/view.
do?rbsIdx=103&idx=66). South Korea tends to 
have a humid continental climate and a humid 
subtropical climate, and is affected by the East 
Asian monsoon. South Korea has four distinct se-
asons: spring, summer, autumn, and winter. Win-
ters can be extremely cold with the minimum tem-
perature dropping below -20ºC (-4ºF) in the inland 
region of the country: in Seoul, the average Ja-
nuary temperature range is -7 to 1ºC (19 to 34ºF), 
and the average August temperature range is 22 to 
30ºC (72 to 86ºF). Summer can be uncomfortably 
hot and humid, with temperatures exceeding 30ºC 
(86ºF) in most parts of the country (http://coun-
trystudies.us/south-korea/31.htm).

Study population
The study used data from a community-

-based interview survey conducted with 2.486 male 
(n=923) and female (n=1.563) subjects 60 years of 
age and older who provided voluntary consent to 
participate in the questionnaire survey. To enhan-
ce the validity of research, exclusion criteria were 
prior urological surgery; prior treatment for BPH, 
prostate cancer or OAB; evidence of a neurologi-
cal condition; history of a malignancy; evidence 
of urinary tract infection; evidence of psychiatric 
illness; and evidence of alcohol or substance abuse.

Temperature data collection
In South Korea, the Korea Meteorological 

Administration maintains a meteorological obser-
vational network of 94 stations that measure daily 
average temperature, daily temperature differen-
ce, daily maximum temperature, daily minimum 
temperature, and daily amount of precipitation 
(http://www.kma.go.kr). This allowed retrieval of 
data concerning daily average temperature and 
daily temperature difference on the interview da-
tes at the specific measurement sites.

QUESTIONNAIRES

IPSS Questionnaire: The severity of LUTS 
associated with BPH for males was measured by 
use of the IPSS questionnaire, which is based on 
the American Urological Association symptom in-
dex, with one additional question regarding QoL. 
The Korean version of the IPSS was verified in 
terms of its relevance and reliability, and it is now 
the most typical diagnostic instrument for LUTS 
in Korea.

The questionnaire consists of eight items, 
which include seven 6-point scale questions about 
symptoms of residual urine sensation, urinary fre-
quency, interrupted stream, urinary urgency, weak 
urinary stream, urinary hesitancy, and nocturia, 

Figure 2 - Location of seven major provinces in this study. The numbers in parentheses refer to population.
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and one 7-point scale question on patient satis-
faction with their urinary condition. Based on the 
previously defined criteria (8), symptom severity 
was divided into three groups: mild (symptom 
score 0-7), moderate (8-19), and severe (20-35). 
QoL in LUTS patients or their level of satisfaction 
was represented by seven grades: “no problem” 
(0 point=very satisfied), “all right” (1 point), “so-
mewhat satisfied” (2 points), “half-satisfied, half-
-dissatisfied” (3 points), “somewhat dissatisfied” 
(4 points), “distressed” (5 points), and “can’t stand 
it” (6 points=very dissatisfied).

OABSS Questionnaire
The severity of LUTS associated with OAB 

for females was measured by use of the OABSS 
questionnaire. The OABSS was developed and va-
lidated in Japanese populations (9). The OABSS 
comprises only four questions regarding daytime 
frequency, nocturia, urgency, and urgency incon-
tinence, and evaluates relevant symptoms from 
the viewpoint of the patient. Performance of the 
OABSS is simple and quick, and a good agree-
ment between OABSS items and the correspon-
ding diary variables was found in a clinical trial 
with anticholinergics (10). The Korean version of 
the OABSS was verified in terms of its relevance 
and reliability.

Age
Age is an important factor that has an 

impact on generation-specific prevalence of 
BPH and OAB. Therefore, this study queried each 
participant’s date of birth.

Classification of temperature and statistical 
analyses

Classification of temperature was based on 
the daily average temperature (low, <10oC; me-
dium, 10-20oC; high>20oC) as previously descri-
bed (6) and daily temperature difference in tertiles 
(low, <8oC; medium 8-10oC; high>10oC). To exa-
mine the influence of topographical characteris-
tics, the population was divided into two groups: 
coastal area (Incheon, Busan) and inland area 
(Seoul, Gyeonggi, Daejeon, Daegu, Gwangju). To 
examine the relationship between BPH/OAB and 
age in the population, an analysis of variance (11) 

and a post hoc analysis were performed to iden-
tify any differences in IPSS/OABSS among each 
age group. Multiple linear regression analysis with 
IPSS/OABSS as the response variable, and daily 
average temperature, daily temperature difference, 
and age as explanatory variables was done. All 
data are presented as mean and standard devia-
tion (SD). Statistical analysis was performed using 
SPSS version 21.0 software (IBM, New York, NY, 
USA) and STATA version 11.2 software (StataCorp 
LP, Texas, USA). All statistics were two-tailed and 
P-values <0.05 were considered to be significant.

RESULTS

The mean IPSS and mean age for the 
923 males was 13.45±8.24 and 75.03±6.20 ye-
ars, respectively. The mean OABSS and mean 
age for the 1.563 females was 4.41±3.10 and 
73.74±6.03 years, respectively (Table-1). Dai-
ly average temperature ranged from-3.4oC to 
28.3oC, with the daily temperature difference 
ranging from 2.2oC to 16.9o C (Table-2).

One-way ANOVA analysis was conduc-
ted to determine the age-related risk of BPH, 
OAB, and QoL. The risk of BPH significantly 
increased with age (12.65±7.96 for those aged 
60-69 years and 15.21±8.86 for those over 80 
years; P=0.002). The risk of OAB significantly 
increased with age (3.93±2.82 and 4.90±3.467 
for the respective age groups; P<0.001). The 
risk of QoL increased significantly with age 
(2.83±1.75 and 3.21±1.53 for the respective age 
groups; P=0.001) (Table-3). To evaluate the in-
fluence of topographical characteristics, there 
was no difference of IPSS, QoL, and OABSS be-
tween coastal and inland area (Table-4). And 
also there was no statistical significance for 
identifying which individual item of IPSS and 
OABSS was related to the daily average tempe-
rature except for QoL item (Table-5).

Figure-3 displays values with 95% 
confidence intervals after adjustment of 
age concerning the relationship between 
temperature factors and IPSS/OABSS. There 
was a weak negative correlation between IPSS 
and daily temperature difference. To examine 
this correlation in more detail, a multiple linear 
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Table 1 - Characteristics of participants and temperature.

Male (n = 923) Female (n = 1,563)

Age 75.03±6.20 73.74±6.03

IPSS 13.45±8.24 OABSS 4.41±3.10

QOL 2.84±1.68

Age groups

60 - 69 172 (18.6) 392 (25.1)

70 - 79 539 (58.4) 911 (58.3)

Over 80 212 (23.0) 260 (16.6)

IPSS severity groups OABSS severity groups

Mild 284 (30.8) 1,117 (71.5)

Moderate 454 (49.2) 378 (24.2)

Severe 185 (20.0) 68 (4.4)

Daily average temperature groups

Low 267 (28.9) 452 (28.9)

Medium 296 (32.1) 590 (37.7)

High 360 (39.0) 521 (33.3)

Daily temperature difference groups

Low 349 (37.8) 475 (30.4)

Medium 226 (24.5) 519 (33.2)

High 348 (37.7) 569 (36.4)

Figures are means ± SD or numbers with percentages in parentheses. 
IPSS, international prostate symptom score. OABSS, overactive bladder symptom score. QOL, quality of life.
IPSS severity groups – mild group (≤7 of IPSS), moderate group (8 - 19 of IPSS), severe group (≥20 of IPSS). OABSS severity groups – mild group (≤ 5 of OABSS), 
moderate group (6 - 11 of OABSS), severe group (≥ 12 of OABSS). Daily average temperature groups – low (<10.00C), medium (10.0 - 20.00C), high (>20.00C). Daily 
temperature difference groups - low (<8.00C), medium (8.0 - 10.00C), high (>10.00C).

regression analysis was performed to assess the 
change in IPSS, OABSS, and QoL during one year 
with respect to risk factors for BPH and OAB. 
In the analysis, independent variables included 
age, daily average temperature, and daily 
temperature difference, and dependent variables 
included IPSS, OABSS, and QoL. Age was a 
significantly risk factor for IPSS, OABSS, and 
QoL (P<0.001, <0.001, and 0.005, respectively). 
Regression analysis found that a one-degree 
Celsius increase in daily temperature difference 
decreased the IPSS by-0.216 points (P=0.02) and 
a one-degree Celsius increase in daily average 
temperature increased the QoL by 0.021 points 
(P=0.001). Daily average temperatures did not 
show a statistically significant change in IPSS 
and OABSS (Table-6). The variance inflation 

factor among the explanatory variables ranged 
from 1.005 (lowest) to 1.017 (highest) in IPSS 
and from 1.016 (lowest) to 1.032 (highest) in 
OABSS. Multicollinearity was not significantly 
observed.

DISCUSSION

Temperature has been linked with myo-
cardial infarction (2), ischemic heart disease 
(12), brain-blood vessel obstruction (13), and 
respiratory infection (14). For urinary voiding 
symptoms, it is necessary to consider how am-
bient temperature changes affect IPSS in me-
dicated patients (4). However, in Japan seaso-
nal changes were found not to be associated 
with IPSS (6). Also, the report of an average 
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Table 2 - Daily average temperature and daily temperature difference by interview date at measurement sites.

Male (n = 923) Female (n = 1,563)

DAT*(oC) n % DTD†(oC) n % DAT*(oC) n % DTD†(oC) n %

-3.4 27 2.9 2.2 21 2.3 -3.4 22 1.4 2.2 31 2.0

-0.7 27 2.9 4.4 17 1.8 -0.7 55 3.5 4.4 15 1.0

2.2 22 2.4 6.0 29 3.1 2.2 46 2.9 6.0 36 2.3

2.6 27 2.9 6.2 23 2.5 2.6 25 1.6 6.2 43 2.8

3.7 17 1.8 6.5 59 6.4 3.7 15 1.0 6.5 70 4.5

4.8 22 2.4 7.0 64 6.9 4.8 61 3.9 7.0 91 5.8

5.4 36 3.9 7.3 24 2.6 5.4 33 2.1 7.3 12 0.8

6.0 25 2.7 7.5 25 2.7 6.0 63 4.0 7.5 37 2.4

7.9 39 4.2 7.6 25 2.7 7.9 71 4.5 7.6 63 4.0

9.5 4 0.4 7.8 34 3.7 9.5 30 1.9 7.8 42 2.7

9.6 21 2.3 8.0 28 3.0 9.6 31 2.0 8.0 35 2.2

10.2 4 0.4 8.1 3 0.3 10.2 71 4.5 8.1 48 3.1

10.8 34 3.7 8.2 4 0.4 10.8 42 2.7 8.2 30 1.9

11.4 14 1.5 8.5 18 2.0 11.4 40 2.6 8.5 108 6.9

11.6 13 1.4 8.5 22 2.4 11.6 29 1.9 8.5 61 3.9

13.0 63 6.8 8.9 42 4.6 13.0 94 6.0 8.9 77 4.9

13.3 61 6.6 9.0 42 4.6 13.3 89 5.7 9.0 43 2.8

15.1 53 5.7 9.3 6 0.7 15.1 28 1.8 9.3 38 2.4

15.4 3 0.3 9.5 22 2.4 15.4 34 2.2 9.5 46 2.9

18.0 3 0.3 9.9 67 7.3 18.0 48 3.1 9.9 68 4.4

19.1 42 4.6 10.0 98 10.6 19.1 77 4.9 10.0 8 0.5

19.4 6 0.7 10.4 75 8.1 19.4 38 2.4 10.4 104 6.7

20.2 22 2.4 10.6 4 0.4 20.2 35 2.2 10.6 71 4.5

20.5 19 2.1 10.7 27 2.9 20.5 13 0.8 10.7 103 6.6

22.2 24 2.6 11.0 13 1.4 22.2 12 0.8 10.7 25 1.6

24.2 23 2.5 11.5 30 3.3 24.2 43 2.8 11.0 29 1.9

25.4 123 13.3 11.6 19 2.1 25.4 45 2.9 11.5 89 5.7

25.7 29 3.1 14.4 21 2.3 25.7 36 2.3 11.6 13 0.8

25.8 28 3.0 16.9 61 6.6 25.8 35 2.2 14.4 38 2.4

26.1 42 4.6 26.1 43 2.8 16.9 89 5.7

26.3 32 3.5 26.3 48 3.1 

28.3 18 2.0 27.4 103 6.6 

28.3 108 6.9 

* Daily average temperature † Daily temperature difference.
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Table 3 - Age-specific severity of IPSS, OABSS and QoL.

IPSS OABSS QoL

Age group n (923) Mean SD P n (1.563) Mean SD P n (923) Mean SD P

60- 69 172 12.65* 7.959 0.002 392 3.93 2.820 0.000 172 2.83* 1.754 0.001

70 – 79 539 13.01* 7.981 911 4.47* 3.082 538 2.70* 1.688

Over 80 212 15.21 8.860 260 4.90* 3.459 212 3.21 1.525

IPSS = International prostate symptom score; OABSS = Overactive bladder symptom score; QoL = Quality of life; IPSS & QoL are for male and OABSS is for female. 
P-value, one-way analysis of variances; * Same letters indicate no statistical significance based on Duncan multiple comparison.

Table 4 - Comparison of topographical groups of IPSS, OABSS and QoL.

IPSS OABSS QoL
Area n (923) Mean SD P n (1,563) Mean SD P n (923) Mean SD P
Coastal area 207 13.78 8.241 0.767 433 4.65 3.193 0.056 207 2.94 1.704 0.864

Inland area 716 13.35 8.238 1130 4.31 3.059 716 2.81 1.667

IPSS = International prostate symptom score; OABSS = Overactive bladder symptom score; QoL = Quality of Life; IPSS & QoL are for male and OABSS is for female; 
P-value = Student t-test. Coastal area (Incheon, Busan). Inland area (Seoul, Gyeonggi, Daejeon, Daegu, Gwangju).

temperature odds ratio of chronic prostatitis-
-like symptoms of 0.99 (range 0.98 to 1.00) was 
indicative of only a weak clinical significan-
ce in Korea (5). In this present study, avera-
ge temperature was not a risk factor for LUTS 
for adjusted age in multiple regression analysis 
(P=0.322). Among the variables, only QoL re-
vealed significant association, which was only 
prominent among male populations. Moreover, 
the significant level was marginal, which could 
be interpreted as temporary phenomenon and 
needs more validation.

Concerning urinary storage symptoms, 
patients without neurological diseases have a 
heightened perception of cold in the bladder 
during the ice water test than patients with 
neurological diseases (15). Storage symptoms, 
frequency, urgency, and nocturia are conside-
rably affected by seasonal changes (16). Howe-
ver, changes in the temperature of fluid did not 
significantly change the threshold volume of 
bladder sensation or increase the incidence of 
idiopathic detrusor overactivity in urodynamic 
studies (7). In the present study, the average 
temperature did not demonstrate a risk of LUTS 
for adjusted age in multiple regression analysis 
(P=0.433).

There are several reasons for the varying 
results. First, several previous studies reported 
that cold stress induces detrusor overactivity in 
conscious rats, a finding that occurred with a 
high temperature change between the treatment 
group and the control group (△24oC=room tem-
perature 28oC-low temperature 4ºC) (15, 17, 
18). However, in the present study, the maxi-
mum daily temperature difference was 16.9oC, 
which was lower than in previous studies. Also, 
in general, elderly people have shorter exposure 
times and well-controlled body temperatures in 
the winter season due to their typically limited 
physical activity, which could lead to a smaller 
exposure to extreme temperature changes.

Second, the same previous studies 
measured outcomes during a short exposure 
time (20-40 min) (15, 17-19). However, in 
general, the human body’s activity changes 
with the seasons and gradually adapts to the 
exposure temperature throughout the season. 
This phenomenon may account for our finding 
that the temperature effect on the risk of BPH/
OAB may not affect urinary symptoms in the 
general population. For instance, in a cold 
stress-induced detrusor overactivity model, 
when skin temperature stabilized after 20 min 



ibju | Ambient temperature and voiding symptoms

528

Table 5 - Comparison of daily average temperature groups in each item of IPSS, OABSS and QoL.

 IPSS QOL OABSS

DAT* 
group

n (923) Mean SD P
DAT*
group

n (923) Mean SD P
DAT*
group

n
(1,563)

Mean SD P

Incomplete 
emptying 
(IPSS 1)

L 267 1.88 1.737 0.652 L 267 2.65 1.709 0.001 Frequency 
(OABSS 1)

L 452 0.40 0.622 0.723

M 296 1.75 1.591 M 295 2.70 1.614 M 590 0.41 0.621

H 360 1.84 1.622 H 360 3.09 1.673 H 521 0.43 0.595

Frequency 
(IPSS 2)

L 267 1.86 1.617 0.501 Nocturia 
(OABSS 2)

L 452 1.94 0.898 0.774

M 296 1.95 1.511 M 590 1.90 0.908

H 360 2.01 1.603 H 521 1.90 0.938

Intermittency 
(IPSS 3) 

L 267 1.83 1.739 0.925 Urgency 
(OABSS 3) 

L 452 1.09 1.480 0.101

M 295 1.78 1.655 M 590 1.28 1.572

H 360 1.82 1.576 H 521 1.24 1.505

Urgency 
(IPSS 4)

L 267 1.49 1.600 0.708 Urgency 
incontinence 
(OABSS 4)

L 450 0.77 1.278 0.064

M 296 1.53 1.638 M 590 0.96 1.407

H 360 1.60 1.678 H 521 0.85 1.265

Weak stream 
(IPSS 5)

L 267 2.36 1.736 0.927

M 296 2.42 1.705

H 360 2.38 1.721

Straining 
(IPSS 6)

L 267 1.50 1.616 0.209

M 296 1.59 1.634

H 360 1.73 1.691

Nocturia 
(IPSS 7)

L 267 2.40 1.259 0.657

M 296 2.31 1.291

H 360 2.39 1.308

Total symptom 
score

L 267 13.24 8.347 0.702 Total 
symptom 

score

L 452 4.19 2.960 0.175

M 296 13.29 7.865 M 590 4.55 3.293

H 360 13.73 8.463 H 521 4.43 2.986

Daily average temperature groups – L (<10.0oC), M (10.0 - 20.0oC), H (>20.0oC). IPSS, international prostate symptom score. OABSS, overactive bladder symptom score. QOL, quality of life. 
IPSS & QOL are for male and OABSS is for female. P-value, one-way analysis of variances.

of low temperature (4±2ºC) exposure and was 
maintained for the duration of exposure (19), 
demonstrated that a momentary cold stimulus 
can act as a trigger for the urinary responses. 
Also, the results of this model were associated 
with a sudden decrease in skin temperature 
(19). This present study also supports previous 
results that the time-dependent reductions of 
low temperature stimulated responses represent 
an adaptive response that is universal in normal 
healthy humans. Moreover, individual efforts to 
maintain warmth through the wearing of heavy 
clothes and heating the environment could 
diminish the trigger effect of low temperature 
on LUTS.

It has generally been thought that more 
LUTS patients are associated with BPH/OAB-rela-

ted need for hospital examination with regard to 
their urinary symptoms in low temperature cir-
cumstances. However, the present results indicate 
that this does not mean that the urinary severity 
of patients in low temperature environments is hi-
gher than high temperature exposure.

The guideline by the Japanese Urologi-
cal Association recommends one of the conser-
vative treatments that males with LUTS avoid 
exposing the lower body to cold temperature 
(20). However, the American Urological Asso-
ciation and European Association of Urology 
have not provided high-quality and reliable 
evidence about the influence of ambient tem-
perature on LUTS (21, 22). Only the American 
Urological Association guideline on the mana-
gement of BPH recommended future study of 
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Table 6 - Multiple linear regression analysis of IPSS, OABSS and QoL.

IPSS OABSS QOL
B* SE P B* SE P B* SE P

Age (years) 0.177 0.043 0.000 0.059 0.013 0.000 0.025 0.009 0.005

Daily average temperature (oC) 0.030 0.030 0.322 0.007 0.009 0.433 0.021 0.006 0.001

Daily temperature difference (oC) -0.216 0.093 0.020 -0.034 0.029 0.246 -0.015 0.019 0.423

IPSS = international prostate symptom score. OABSS = Overactive bladder symptom score. QOL = quality of life; IPSS & QOL are for male and OABSS is for female. 
* Unstandardized coefficients.

life style interventions (21). The present data 
address this recommendation.

There are several limitations to this stu-
dy. In view of the imprecision of some geogra-
phical data, coupled with the fact that we used 
spatially-derived ambient temperature as a sur-
rogate for personal temperature, the risk estima-
tes presented here are clearly misclassified. Thus, 
our results may underestimate the true risk of 
LUTS associated with exposure to temperature 
in this population. However, as in most epide-
miological surveys, there will be some errors in 
exposure classification. In this study, which was 
performed as a large-scale research project that 
covered seven major areas of South Korea, the 
collected data were judged to be sufficiently ho-
mogeneous. As a result, the misclassification of 
this study would most likely be non-differential 
with regard to temperature status. This would 
tend to bias the regression parameter toward 
null. Second, this study does not include the de-
tailed biological data of each population, which 
means we could not determine clinical BPH or 
OAB. This is mainly due to the nature of this 
cross-sectional survey.

Topographical characteristics were taken 
into consideration with regard to variations in 
LUTS severity among areas. Since coastal and 
inland communities are evenly distributed in in-
terview surveys areas 36 times in 34 cities in 
seven major areas of South Korea, there is no 
difference of IPSS, QoL, and OABSS between co-
astal and inland area. Thus, the topographical 
difference is also thought to be unrelated.

Lastly, we could not describe the longitu-
dinal data to consider potential seasonal varia-

tion effects. The variance of daily temperature 
could not substitute for seasonal variation. Hen-
ce, this type of cross sectional study has to be 
repeated by seasonal sequence.

CONCLUSIONS
Our findings did not demonstrate an in-

creased clinically significant risk of BPH or OAB 
severity in connection with daily average tempe-
rature. Only daily temperature differences were as-
sociated with male LUTS. Daily temperature diffe-
rences may be more influential than daily average 
temperatures. A large prospective study set will be 
needed to validate this association in the future.
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Argus T® versus Advance® Sling for postprostatectomy 
urinary incontinence: A randomized clinical trial
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Objective: To compare the results of two slings, Argus T® and Advance®, for the treat-
ment of postprostatectomy urinary incontinence (PPUI). Material and Methods: From 
December 2010 to December 2011, 22 patients with PPUI were randomized as follows: 
11 (mean age 62.09(±5.30)) underwent treatment with Advance® and 11 (mean age 
62.55(±8.54)) with Argus T®. All patients were evaluated preoperatively with urodyna-
mic testing, quality of life questionnaire (ICIQ-SF), voiding diary and 24-hour pad test. 
Exclusion criteria were: neurological diseases, severe detrusor overactivity and urethral 
stenosis. Evaluation was performed at 6, 12 and 18 months after the surgery. After 
implantation of the Argus T® sling, patients who experienced urine leakage equal to or 
greater than the initial volume underwent adjustment of the sling tension. Results were 
statistically analyzed using the Fisher’s test, Kolmogorov-Smirnov test, Friedman’s 
non-parametric test or the Mann-Whitney test.
Results: Significant improvement of the 24-hour pad test was observed with the Ar-
gus T® sling (p=0.038) , With regard to the other parameters, there was no significant 
difference between the two groups. Removal of the Argus T® device due to perineal 
pain was performed in one patient (9%). Despite non uniform results, both devices 
were considered useful to improve quality of life (ICIQ-SF): Argus T® (p=0.018) and 
Advance® (p=0.017).
Conclusions: Better results were observed in the 24h pad test and in levels of satisfac-
tion with the Argus T® device. Both slings contributed to improve quality of life (ICIQ-
-SF), with acceptable side effects.
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INTRODUCTION

Post-prostatectomy urinary incontinence 
(PPUI) is a common complication of surgical treat-
ment in patients with prostate cancer or benign 
prostatic hyperplasia. It’s occurrence has a negative 
impact on quality of life (QoL) and decrease the ben-
efit of the treatment of primary disease (1, 2).

PPUI prevalence varies from 2.5% to 67%. 
This is due to the wide variation in studies, such 

as non-standardized definition, type of surgical 
technique, diagnostic assessment, patient selec-
tion and outcome measures (3).

Over the last years, suburethral slings (SUS) 
have been re-designed and attracted particular in-
terest due to its promising and durable results (3), 
even in face of the higher good results of the Arti-
ficial Urinary Sphincter-AUS 800® (USA).

Two SUSs were available in the Brazilian 
market at the time of recruiting for this research: 
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Argus T®-(Promedon–Cordoba, Argentina) (4, 5) 
and Advance® (American Medical Systems-Min-
netonka, United States) (6).

Both devices are transobturatory slings 
used to treat mild to moderate PPUI. Their techni-
cal configurations are different, as well as their 
mechanism of action, but both manufacturers 
claim that their products are effective and safe 
(4-6). There are no comparative studies analyzing 
their effectiveness and rates of complications. We 
present a randomized clinical trial comparing the 
results of these two devices at intermediate (18 
months) follow-up.

OBJECTIVE

The objective of this study was to compare 
the results of the surgical treatment of PPUI with 
Argus T® and Advance® slings.

MATERIALS AND METHODS

This study was designed to be a randomized 
clinical trial. Randomization was made by compu-
ter-generated table of random numbers at www.
random.org, and patients were assigned to one of 
the two treatment arms: Argus T® or Advance®.

From December 2010 to December 2011, 
patients with PPUI were recruited from the outpa-
tient services at two institutions (one public and 
one private).

Inclusion criteria: patients with 50 to 80 
years of age with PPUI for at least the past six 
months, regardless of the level of incontinence. 
Exclusion criteria: patients with urethral stricture 
untreated or treated for less than 6 months, severe 
detrusor overactivity (when involuntary bladder 
contractions, as identified by urodynamic evalua-
tion, where thought to be the primary cause of in-
continence), and neurological disorders associated 
with neurogenic bladder.

Clinical evaluation consisted of history 
taking, interview to collect data such as results of 
prior pathological examinations, classification of 
risk of prostate cancer progression, as proposed by 
D’amico (7), and adjuvant treatments.

To better determine the level and impact 
of incontinence, patients were also submitted to: 

urodynamic evaluation (conducted following the 
recommendations of the International Continence 
Society (ICS) (8);

QoL questionnaire (assessed using the Bra-
zilian Portuguese version of the “International 
Consultation on Incontinence Questionnaire-Short 
Form”-ICIQ-SF) (9);

voiding diary completed for three days in 
order to determine functional capacity (median voi-
ded volume), number of episodes of urine leakage, 
number of urinations and volumes of fluid intake 
and voiding;

24 hours pad test, done as recommended by 
ICS: all pads used in 24 hours were stored in a bag 
under refrigeration and weighted; total weight in 
grams was recorded to estimate total urine leak.

Surgical techniques were applied as propo-
sed by original authors and are described, in sum-
mary, below (4-6). All procedures were performed 
by the same surgeon: patients were submitted to 
regional anesthesia, in the lithotomy position and 
legs flexed at close to 90 degrees at the thigh le-
vel. Skin preparation was made by applying topical 
polvidone-iodine or chlorhexidine to the perineum, 
thighs, scrotum, penis and lower abdomen. Foley 
16F urethral catheter was inserted. Prophylactic an-
tibiotic therapy was started no more than two hours 
before surgery with 2g of intravenous cefazolin and 
continued for 24 hours, with 1g every eight hours. 
After patient dismissal, 500mg of cephalexin was 
prescribed to be taken orally, every six hours, for 
seven days (10).

For the Advance® sling, the tape was placed 
over the spongious body of the bulbar urethra and 
under the bulbospongious muscle through a perine-
al incision and transobturator route. A cystoscopy 
was performed to verify the presence of any urethral 
lesions and to certify that the bulbar urethral lumen 
had collapsed due to compression from the mesh 
tape. Bladder was drained with a Foley catheter for 
24 hours and patient was instructed to restrain from 
any physical activity for the next 45 days.

The Argus T® sling was placed through a 
longitudinal perineal incision and a transobturatory 
route. The sling was positioned over the bulbospon-
giosus muscle. The tension applied was sufficient 
to interrupt a retrograde infusion of saline solution 
through a Foley catheter, in a column with 35-40cm 



IBJu | ARGUs t ® VeRsUs ADVAnce ® sLInG FoR PostPRostAtectoMY URInARY IncontInence

533

of H2O, with occlusion of the urethral meatus. Blad-
der was drained with a Foley catheter for 24 hours 
and patients were instructed to restrain from any 
physical activity for 45 days. In case of readjust-
ment, the same retrograde occlusion pressure was 
the goal with re-tensioning.

Patients were dismissed after removal of the 
Foley catheter and after fi rst normal void; revalu-
ation was scheduled for the 7th and 30th days after 
surgery. Follow-up visits at 6, 12 and 18 months 
were programed; they underwent the 24-hour pad 
test, and completed the quality of life questionnaire 
(ICIQ-SF) and voiding diary at each visit. We present 
here the results after 18 months.

Post operatively, patients in the Argus T® 
sling group, who experienced urine leakage equal 
to or higher than the baseline, underwent sling ad-
justment to reinforce urethral compression.

Additionally, in order to further compare 
both Groups, we established the following criteria 
to consider the patient cured:

a) Average number of incontinence episo-
des over 24 hours lower than two.
b) Average number of pads per day, up 
to one.
c) 24-hour pad test with urine leakage less 
or equal to 50g.
d) Assessment of quality of life (ICIQ-SF), 
with score reduction of 80% or more.
Finally, at the end of 18 months, the follo-

wing questions were made to the patient to assess 
the degree of satisfaction: a) If you could return in 
time, would you undergo the same surgery again? 
b) How satisfi ed are you with the results obtained? 
c) Would you recommend to a friend, the same 
surgery you did? The questions were answered by 
the patients using a visual scale of 1 to 10, where 
10 was certainly yes or satisfi ed and 1 certainly 
no or dissatisfi ed. To aggregate data, we used the 
following criteria: 1 to 3 meant no, 4 to 7, uncer-
tain, and 8 to 10, yes.

Study protocol was approved by Institutio-
nal Review Board (Research Ethical Committee).

REsuLTs

Figure-1 shows the patient recruitment 
and randomization fl owchart.

Randomization lead to homogenous groups 
regarding age, comorbidities, previous radiation 
therapy, previous treatment of urethral stricture, 
risk of recurrence as per the D’Amico classifi ca-
tion system, number of urinations, number of 
pads used, number of urgency episodes, number 
of incontinence episodes, 24-hour pad test, incon-
tinence questionnaire–short form ICIQ-SF, time 
interval between primary surgery and sling place-
ment and urodynamic parameters (Table-1).

The length of surgery, 30 to 90 minutes, 
was similar in both groups.

During the postoperative follow-up, two 
patients in the Advance® group experienced pain, 
which was relieved with analgesics; one had 
dehiscence of the surgical incision, and one had 
urinary retention due to sclerosis of the bladder 
neck after 12 months.

Complications were more frequent in the 
Argus T® group. Two patients died of acute myo-
cardial infarction: one, six months after the sur-
gery, and one, 12 months afterwards. Both deaths 
were not related to immediate surgical compli-
cations, although they were clinically evaluated 
before sling surgery and had low cardiovascular 
risk. Three patients experienced urinary retention 

 
 

22 PATIENTS RANDOMIZED 
- 21 radical prostatectomy 
- 1 endoscopic resection of the prostate 

11 ADVANCE SLING 

42 PATIENTS ENROLLED 

20 REMOVED FROM STUDY DUE TO 
- 2 detrusor overactivity 
- 2 urethral stenosis 
- 1 did not understand the procedure 
- 5 lack of slings at the institution 
- 10 decided to undergo other 

treatment 

11 ARGUS T SLING 

2 DEATHS 
- cardiovascular cause 

figure 1 - study design.
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during 10 days and were dismissed with a Foley 
catheter in bladder. Four patients experienced pro-
longed pain: two improved with common analge-
sics, one is still taking medication with addition of 
a tryciclic antidepressant, and one had to remove 
the sling. Crural extrusion of the silicone column 
occurred in three patients. All cases were treated 
with antibiotics and removal of the extruded por-
tion, with resolution of the problem without addi-
tional treatment.

Three patients underwent sling tension 
adjustment due to persistent leakage. Two were 
improved after 18 months and one remained with 
incontinence.

Clinical Efficacy
Table-2 presents results regarding efficacy. 

No improvement on functional capacity, number 
of urinations, number of urgency episodes and in-
continence episodes were observed in either group.

Better quality of life was observed in both 
groups. The Argus T® group experienced a significant 
improvement in the 24-hour pad test, but the Ad-
vance® group did not. Neither group had a signifi-
cant improvement in the number of pad changes 
over 24 hours. However, results with the Argus T® 
sling were very close to the level of significance.

The number of patients cured, based on 
the impact on incontinence episodes, pad changes, 
pad tests and quality of life scores was similar in 
the two groups (Table-3). The results of the quali-
ty of life questionnaire are shown in Table-4. The 
patients who underwent surgery with the Argus T® 
sling had higher satisfaction rates than patients in 
the Advance® group.

DISCUSSION

There is still no optimal treatment for PPIU. 
Treatment within the first 12 months after surgery 

Table 1 - Distribution of patients as per preoperative characteristics and group.

Group

p (1)Total Advance® Argus T®

n=22 n=11 n=11

Comorbidities 0.361

High blood pressure 15 9 6

Other 7 2 5

Radiotherapy 0.586

Yes 4 3 1

No 18 8 10

Urethral stenosis 0.311

Yes 5 1 4

No 17 10 7

Risk per D’amico classification 0.750

Low 7 3 4

Moderate 9 4 5

High 6 4 2

24-hour pad test - preoperative 0.658

< 100 g 1 1 0

< 100-400 g 8 3 5

< 400 g 13 7 6

( 1 ) = Descriptive level of probability of the Fisher’s exact test
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should be conservative since there is possibility 
of spontaneous restoration of urinary continen-
ce (11).

In regard to assessment of incontinent pa-
tients, many studies report the rates of improve-
ment in the number of pads per day, but we know 
that pad changing is a personal decision and it 
varies too much from patient to patient. Therefore, 
this is not an accurate parameter to determine se-
verity of incontinence (12, 13). For this reason, we 
assessed our patients with three major outcome 

measures: number of pads, voiding diary and QoL 
questionnaire. We expected to have more confi-
dent results with such broad evaluation.

When choosing a surgical technique, many 
authors prefer to use SUS in mild and moderate 
incontinence, reserving AUS for the most severe 
cases (14, 15). In our study, we decided to include 
patients with all degrees of severity because we 
believed that SUSs could be effective even in the 
most severe cases. In fact, if the patient wishes, 
there is no reason to not try a SUS, since an AUS 

Table 2 - Descriptive values of the variables analyzed, according to surgery and time point of evaluation (*).

Variance
Argus T® Advance®

Baseline 18 months p Baseline 18 months p

Functional capacity 118.33 147.78
0.407

134.09 162.27
0.726

(±82.92) (±105.57) (±84.11) (±11.31)

QoL 17.44 7.44
0.018

19.18 11.73
0.017

(±3.40) (±6.98) (±1.89) (±8.36)

24 hours pad test 674.44 97.00
0.038

620.91 561.45
0.386

(±763.78) (±218.60) (±422.64) (±890,09)

No. of micturitions 6.34 5.28
0.325

5.57 7.55
0.421

(±4.92) (±4.14) (±3.94) (±4.93)

No. of pad changes 4.19 1.48
0.066

3.92 3.41
0.167

(±2.52) (±2.79) (±2.59) (±4.22)

Urgency episodes 1.61 1.07
0.416

1.86 0.90
0.400

(±1.98) (±2.25) (±3.02) (±1.96)

Incontinence 
episodes

4.56 2.67
0.159

3.62 8.51
0.202

(±3.61) (±6.58) (±3.13) (±8.98)

(*) Descriptive level of probability of the non-parametric Wilcoxon test

Group

Criteria Advance®

(n=11)
Argus T®

(n=9)

n (%) n (%) p*

Incontinence ≤ 2 5 (55.6%) 7 (77.8%) 0.620

Pads ≤ 1 5 (45.5%) 7 (77.8%) 0.197

Score QV ≥ 80% 3 (27.3%) 2 (22.2%) 1.000

PAD test 24 hours ≤ 50g 5 (45.5%) 7 (77.8%) 0.197

Table 3 - Cure criteria assessment.
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still can be effective in the case of failed previous 
sling procedure. Nevertheless, patients should be 
advised not to expect the same results in severe 
cases, as in mild to moderate incontinence.

The basic difference between the Argus 
T® and the Advance® slings is that the first one 
is completely made of silicon and is adjustable, 
whereas the second one is a polypropylene mesh 
that is not adjustable. Moreover, the authors claim 
different mechanisms of action: the Argus T® 

sling would correct PPUI by compressing the bul-
bar urethra (16, 17), whereas the Advance® sling 
would act by repositioning the membranous ure-
thra in the retropubic space which would increase 
its functional length and strengthen the sphincte-
ric mechanism (3, 6, 15). Additionally, the authors 
who developed the Advance® sling suggest that it 
is necessary to release the central tendon of the 
perineum and open the bulbospongiosus muscle 
to place the polypropylene mesh directly over the 
urethra. This action permits the elevation of the 
bulbar urethra and, consequently, the membra-
nous urethra what leads to improvement of any 
residual continence mechanism.

On the other hand, the authors who deve-
loped the Argus T® sling report that the silicone 
sling should be placed over the bulbar urethra, 
without opening the bulbospongiosus muscle. 
This provides better compression and lower risk of 
erosion. The effectiveness of the compression was 
determined by elevation of the closure pressure, 
measured by retrograde filling pressure (18, 19).

Unfortunately, observations from urody-
namic examination after sling revealed that the 

only alteration detected in the parameters of the 
exam was the increase in VLPP with the Advance® 

(20) sling. We really don’t know if any male sling 
led to elevation of voiding detrusor pressure.

The analysis of the efficacy parameters in 
our study revealed that, if we keep our focus on the 
quality of life criterion, both SUSs provide similar 
and significant improvement. However, if we direct 
our focus to more objective criteria, the Argus T® 

sling had better results than the Advance® (as ob-
served by the pad tests results). From the patient’s 
point of view, this difference may or may not be 
important. For this reason, we looked at patient’s 
satisfaction rates in an additional questionnaire 
with a visual analog scale to assess their level of 
satisfaction with the results obtained. We then ob-
served that most patients who underwent surgery 
with the Argus T® sling are clearly satisfied with the 
treatment, whereas only a few satisfied patients in 
the Advance® group. From a more technical point 
of view, using more strict criteria of cure, we no-
tice that both slings are equally low effective. The 
sum up is that any analysis of effectiveness of the 
SUSs should be based on wide evaluation parame-
ters, objective and subjective, in order to provide a 
better idea of the effects of the surgery. We notice 
that the literature does not follow this trend. Thus 
we think that our research adds new information 
by providing both patient subjective point of view 
and objective outcome measures.

In their early studies on Argus®, Romano 
et al. (5) reported: 73% of the patients were cured 
(no pads); 10% improved (one to two pads/day) 
and 17% failed and needed to use more than two 

Table 4 - Patient's  impressions about the results after 18 months.

Advance :10 Patients Yes Doubt No

Would undergo same surgery again 6 1 3

Degree of satisfaction (VAS) 4 2 4

Would indicate surgery to another person 7 0 3

Argus: 9 patients Yes Doubt No

Would undergo same surgery again 9 0 0

Degree of satisfaction (VAS) 9 0 0

Would indicate surgery to another person 9 0 0

VAS=Visual analog scale
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pads/day (even after sling tension adjustment). 
In the follow-up on these patients, Romano et 
al. (16) reevaluated 47 of them, three years after 
sling implantation, observing that 66% (31 pa-
tients) were still cured, five needed to have the 
sling tension adjusted, 12.8% (6 patients) impro-
ved and 21% (10 patients) failed, showing that the 
results were long-lasting at the 36-month follow-
-up. In our study, three patients underwent sling 
tension adjustment, which allowed the restoration 
of continence and increased the success rates. We 
observed that the average number of pads/day de-
creased from 4.19 before the surgery to 1.48 after 
surgery, at 18 months. Despite being similar to the 
results reported by Romano et al. (16), these fin-
dings were not statistically significant. It should 
be stressed that the p value almost reached the 
level of significance (p=0.066), suggesting a trend. 
Or, it could only be devoid to our small sample 
size. This observation deserves continuing follow-
-up and augmentation of sample size to correct 
clarification. Additionally, we observed that 77.8% 
of our patients used a maximum of one pad per 
day after 18 months, similar to what was reported 
by these authors.

With regard to the complications asso-
ciated with SUS implantation, Rehder et al. (15) 
monitored 156 patients who had undergone sur-
gery with the Advance® sling for 36 months and 
reported 109 complications: 50% cases of perine-
al pain, 9.6% temporary urinary retention, 4.4% 
dysuria, 5% perineal hematoma, 0.6% urinary in-
fection, 0.6% surgical wound infection and one 
late complication (0.6%) from sling extrusion due 
to symphysite. In a study with 230 patients who 
underwent surgery with the Advance® sling, Bauer 
et al. (14) also reported 23.9% of complications, 
21.3% of which were transitory urinary retention, 
and only two patients, one with ileal neobladder 
and another with urethral lesion, continued to 
use intermittent clean self-catheterization. Other 
complications totaled 2.5% (0.4% surgical wound 
infection, 0.4% urinary infection, 0.4% persistent 
perineal pain) and only 1.3% of the cases needed 
to undergo new surgery (0.9% extrusion and 0.4% 
urethral perforation). We observed that rates of 
complications in both groups were similarly low 
and not very severe.

In our study, the following complications 
were recorded: two patients experienced transitory 
perineal pain which was resolved with painkillers, 
one had dehiscence of the surgical incision which 
was satisfactorily resolved and one patient, after 
12 months, experienced urinary retention due to 
sclerosis of the bladder, treated with endoscopic 
internal urethrotomy, developing severe urinary 
incontinence.

With regard to the complications resulting 
from implantation of the Argus T® SUS, in their 
initial results with 48 patients, Romano et al.(5) 
reported that 15% had transitory urinary infec-
tion, 21% had perineal pain that improved after 
six months, and 6% needed to have the sling re-
moved (two due to urethral erosion and one due 
to infection). In the follow-up of these patients 
after three years, Romano et al. (16) reported that 
it was necessary to remove nine slings (19.1%), six 
of them due to erosion and three due to infection. 
Hubner et al. (21), in their experience with 101 
patients who underwent surgery with an Argus T® 
sling (retropubic approach), reported that after 2.1 
years of follow-up there were 16 cases (15.8%) of 
sling removal due to erosion or infection. Addi-
tionally, they also observed that 15 patients (15%) 
experienced perineal pain which was resolved 
three months later with the use of regular painkil-
lers. During the intraoperative period, there were 5 
cases (5%) of minor bladder perforations.

An analysis of these studies reveals that 
complications arising from the surgery with the 
Argus T® device are more frequent and severe than 
complications resulting from surgery with the 
Advance® sling, requiring removal of the device 
in 6% to 35% of the cases. This could be due to 
the action mechanism of the Argus T® sling, which 
probably exerts more pressure against the urethra 
and the surrounding tissues. Other factors, such as 
previous RT and urethral stricture, as well as prior 
treatment of PPUI, require further studies with lar-
ger samples to assess the relationship between risk 
factors and complications.

Our study has limitations and potential for 
bias. Our sample size was limited to the few slin-
gs provided to do this research. This significantly 
affects the power of data. We wait for funding to 
continue including patients to this series or star-
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ting another trial with new slings, once the Ad-
vance sling will be replaced by a new generation 
from the manufacturer. We cannot be sure if the 
differences found in results of each sling are real 
or occurred only by chance.

In summary, after comparing our results 
with the literature, we concluded that slings pre-
sent promising success rates, with improved pa-
tient quality of life and satisfaction. Our study 
compared both slings, in similar populations and 
with fewer restrictions on inclusion, observing 
worse results with the Advance® sling and more 
complications with Argus T®.

The new data we provide with this report is 
that the possibility of readjustment may be a con-
siderable advantage for patients choosing sling 
for treatment of PPUI. The limitation of our study 
is the initial small sample size. We look forward to 
continue to recruit patients to enlarge our series 
and provide strongest evidence in the field.

CONCLUSIONS

Better results were observed in the 24h pad 
test and in levels of satisfaction with the Argus T® 
device. Both slings contributed to improve quality 
of life (ICIQ-SF), with acceptable side effects.
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This prospective analysis assessed the effect of histological prostatitis on lower urinary 
tract functions and sexual function. The patients were separated into two groups as 
histologically observed prostatitis (Group A) and no prostatitis (Group B) according to 
the biopsy outcomes. International prostate symptom score, international index of erec-
tile function-5 scores, maximal and average flow rate, and residual urine volumes were 
compared statistically between groups. There was no significant difference (P>0.05) in 
baseline age (t=0.64), body mass index value (t=0.51), prostate volume (t=0.87), pros-
tate-specific antigen levels (t=0.43), maximal (t=0.84) and average flow rate (t=0.59), 
and post-void residual urine volume (t=0.71). Mean international prostate symptom 
score in patients with prostatitis was numerically but not significantly higher than that 
in those without prostatitis (t=0.794, P=0.066). Mean international index of erectile 
function-5 score in the prostatitis group was significantly lower than that in those 
without prostatitis (t=1.854, P=0.013). Histological prostatitis notably affected sexual 
function of patients and may serve as a major risk factor for sexual dysfunction while 
having little effect on lower urinary tract symptoms.
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INTRODUCTION

Histological prostatitis corresponds to 
prostatic inflammation confirmed by microsco-
pic examination. The typical histologic finding of 
prostatitis is characterised by infiltration of the 
prostatic ductus and periprostatic tissue, espe-
cially with polymorphic nuclear leukocytes (1, 2).

Histological prostatitis is frequently detec-
ted in biopsy of prostate specimens during surgery 
or autopsy. A prostate autopsy study found in-
flammation in 40 of 91 adults patients (3).

Maksem et al. have reported evidence 
of prostatic inflammation in 45% of aspiration 

biopsy specimens taken because of suspicion of 
carcinoma (4).

Even though inflammatory cells in prosta-
te tissue are a well-reported observation, there is 
no precise information about the origin of inflam-
mation, which is thought to be multifactorial (5).

A number of factors, such as bacterial in-
fection; chemical inflammation caused by urinary 
reflux, dietary factors, and hormones; and au-
toimmune responses, have been implicated in the 
development of prostatitis (6-8). Further, prostatic 
inflammation has an apparent correlation with 
symptomatic progression, risk of urinary reten-
tion, and need for surgery (9).
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Recent studies have introduced data that 
prostatic inflammation plays an important role in 
the development and progression of benign pros-
tatic hyperplasia (BPH) (10, 11).

Lower urinary tract symptoms (LUTS) cau-
sed by BPH impair quality of life and are frequently 
accompanied by sexual function disorders in these 
patients (12). Even though the mechanism under-
lying the relationship between BPH and erectile 
dysfunction (ED) is not exactly known, decrease in 
nitric oxide, metabolic syndrome, atherosclerosis, 
and the increase in Rho-kinase activity have been 
suggested as causes (13).

While prostatic inflammation is thought 
to play an active role in the progression of LUTS 
caused by BPH, no precise information exists on 
the relationship of this condition and sexual func-
tion disorders. The purpose of this study was to 
assess the effect of histological prostatitis on LUTS 
and sexual dysfunction.

PATIENTS AND METHODS

In total, 138 patients with serum PSA (ng/
mL) above 4 with a normal digital rectal exam 
(DRE), and who were scheduled for transrectal 
prostate biopsy were included in the study. To 
evaluate lower urinary tract and sexual functions, 
international prostate symptom score (IPSS) and 
international index of erectile function-5 (IIEF-5) 
questionnaires were completed by patients before 
biopsy, respectively. Pre-biopsy uroflowmetry re-
sults (maximal flow rate [Qmax] and average flow 
rate [Qavg]) and post-void residual urine volume 
(PVR), as well as body mass index (BMI) and pros-
tate volumes measured through transrectal ultra-
sonography, were recorded. Patients who received 
BPH or prostatitis treatment; those who were diag-
nosed with prostate cancer or atypia according to 
pathologic result; and those who had serious neu-
rologic, cardiac, or pulmonary disorders, liver or re-
nal failure, diabetes, or hypertension were excluded 
from the study. Prostatitis was diagnosed after his-
tological observation of inflammatory cellular in-
filtration within the prostatic glandular tissue. En-
rolled patients were divided into two groups: those 
with histological findings of prostatitis (Group A) 
(Figure-1) and those without prostatitis (Group B) 

(Figure-2) findings in their biopsy samples. IPSS 
and IIEF scores, as well as their uroflowmetry 
and residual urine volumes were compared sta-
tistically.

Figure 1 - H&Ex400: This is the microscopic appearance of 
chronic prostatitis. Numerous small dark blue lymphocytes 
are seen in the stroma between the glands.

Figure 2 - H&E: The normal histologic appearance of 
prostate glands and surrounding fibromuscular stroma is 
shown here at high magnification.

Statistical analysis

SPSS software (Statistical Package for the 
Social Sciences; Version 15.0, SPSS Inc., Chicago, 
IL, USA) was used to analyse the data. The Kolmo-
gorov–Smirnov test was used to evaluate whether 
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the obtained data had a normal distribution. Nor-
mally distributed variables were described using 
means and standard deviations. Paired t-test was 
used to compare groups, and a P value<0.05 indi-
cated statistical significance.

Independent (unpaired) samples t-test was 
used to determine whether there was any diffe-
rence between groups in age, BMI, PSA, prostate 
volume, uroflowmetry parameters, and mean IPSS 
and IIEF scores, which are continuous variables. 
A chi-square test was used to compare smoking 
status, IPSS and IIEF severity.

A multivariate regression analysis was 
used to calculate the adjusted means of IPSS and 
IIEF score. Age, BMI, smoking status, PSA value, 
and prostate volume were used as continuous va-
riables and as covariates in the model.

RESULTS

Among the 138 patients in whom transrec-
tal prostate needle biopsy was performed due to 
high PSA levels, 34 were excluded from the study: 
28 had prostatic adenocarcinoma, and 6 had pros-
tatic intraepithelial neoplasia (PIN). Of patients 
included in the study (n=104), 34.6% had histo-
logical prostatitis (Group A) and 65.4% had none 
(Group B).

There was no significant difference in age, 
BMI, prostate volume, PSA, Qmax, Qavg and PVR 
(Table-1). There was also no significant difference 
in prevalence of smoking (χ2=2.21).

In Group A, 15.6% had mild, 43.1% had 
moderate, and 41.3% had severe symptoms accor-
ding to the IPSS. In contrast, in Group B, 17.6% 
had mild, 35.3% had moderate, and 47.1% had 
severe symptoms. There was no significant diffe-
rence between groups according to IPSS severity 
(Table-2). Mean IPSS scores were 19±7.4 in Group 
A and 17.6±8.5 in Group B. Even though mean 
IPSS in Group A was numerically higher than that 
in Group B, this result was not statistically signi-
ficant (t=0.794, P=0.066) (Table-1).

ED was mild in 33.3%, moderate in 16.7%, 
and severe in 19.4% patients and 30.6% did not 
have ED in Group A according to the IIEF scores. 
In Group B, ED was reported as mild in 35.3% 
and moderate in 23.5% patients and 41.2% did not 
have ED. According to these results, severe ED was 
significantly high in group A (Table-3).

Mean IIEF scores were 16.5±6.6 in Group A 
and 19.6±3.9 in Group B. The mean IIEF score was 
significantly high in Group A (t=1.854, P=0.013) 
(Table-1). The multivariate regression analysis 
found that age, PSA, prostate volume, BMI, and 
smoking had no effect on IIEF scores. Age, PSA, 
BMI, and smoking had no effect on IPSS; howe-
ver, prostate volume correlated with IPSS.

DISCUSSION

Our study found that patients diagnosed 
with histological prostatitis had more serious erec-
tile dysfunction than those without prostatitis.

Table 1 - Comparison of the demographic characteristics of groups

Group A Group B t value P value

Age 63.9±5.9 64.1±6.8 0.643 0.080

BMI 26.0±2.5 26.5±3.4 0.512 0.320

Prostate volume 40.1±13.4 44.1±12.7 0.876 0.145

PSA 7.9±3.5 7.3±3.6 0.431 0.413

IPSS 19±7.4 17.6±8.5 0.794 0.066

IIEF 16.5±6.6 19.6±3.9 1.854 0.013

Qmax 11.3±5.2 10.1±4.8 0.841 0.236

Qavg 5.9±2.6 5.6±2.6 0.595 0.676

PVR 43.6±30.9 48.6±31.2 0.710 0.431

Group A = Histological prostatitis group; Group B = Without prostatitis group; P < 0.05; t-test for paired sample
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Recent studies have frequently focused on 
the effects of histologic inflammation of prostate 
tissue on progression of BPH, LUTS, and sexual 
function. With an extensive and extended follow-
-up, the Medical Treatment of Prostate Symptoms 
(MTOPS) study found prostatic inflammation in 
544 of 1197 patients with BPH. A correlation was 
observed between histological prostatitis and cli-
nical progression of BPH. Patients in all groups 
(placebo, finasteride, doxazosin, and combined 
finasteride and doxazosin) with inflammation 
were more likely to progress clinically in terms 
of symptoms, acute urinary retention (AUR), or 
BPH-related surgery (14).

Another study on the pathophysiology be-
tween BPH and prostatitis theorised that cytokines 
released from the inflammatory cells in prostate 
tissue and growth factors stimulated epithelial 
and stromal hyperproliferation (11).

In addition, cellular proliferation repaired 
the tissue damage caused by the free oxygen ra-
dicals arising from the released cytokines caused 
hypoxia (15).

The Reduction by Dutasteride of Prosta-
te Cancer Event (REDUCE) study observed chro-
nic inflammation on histological analysis in 78% 

men. Statistically significant but clinically small 
increases in IPSS were noted in patients with 
inflammation compared with those without in-
flammation. Similarly, statistically significant 
correlations were found between average chronic 
inflammation score and the IPSS variables (16).

In a cohort study of 282 patients, Robert 
et al. observed a significant correlation between 
the degree of prostatic inflammation, prostate vo-
lume, and urinary system symptoms. Mean IPSS 
was 12 in patients with lower inflammation and 
21 in patients with higher inflammation (17).

In contrast, our study grouped patients by 
the existence of prostatitis; 34.6% patients had 
prostatic inflammation. Mean IPSS was 19 in pa-
tients with prostatitis and 17.6 in patients without 
prostatitis. The difference was not statistically sig-
nificant. Similarly, Edlin et al. in their study eva-
luating the prevalence of prostatic inflammation 
in BPH and prostatic adenocarcinoma, reported 
histological prostatitis in 61% patients with BPH 
and that histological prostatitis showed a minor 
correlation with LUTS (18).

Sexual function disorders are frequently en-
countered in patients with chronic prostatitis. Liang 
et al. observed 2000 patients with chronic prostatitis 

Table 2 - Comparison of IPSS severity between the two groups (chi-square test).

IPSS severety Group A (%) Group B (%) P value

Mild 15.6 17.6 0.085

Moderate 43.1 35.3 0.135

Severe 41.3 47.1 0.068

Group A = Histological prostatitis group; Group B = Without prostatitis group

Table 3 - Comparison of IIEF severity between the two groups (chi-square test).

IIEF severety Group A (%) Group B (%) P value

No ED 30.6 41.2 0.126

Mild 33.3 35.3 0.085

Moderate 16.7 23.5 0.062

Severe 19.4 0 <0.001

Group A: Histological prostatitis group; Group B: Without prostatitis group
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and found that 49% of patients had comorbid sexual 
dysfunction. Moreover, 26.4% of these patients had 
premature ejaculation, 14.9% erectile dysfunction, 
and 7.7% both conditions (19).

The effect of histological prostatic inflam-
mation on ED is gaining importance recently. Ab-
dullah et al. showed that upon reduction of post-
surgical inflammation in patients with prostatitis 
and BPH, sexual function improved (20).

Wang et al. revealed that the presence of 
prostatitis in tissues of patients with BPH under-
going a transurethral prostate resection had a 
serious effect on the sexual function and a less 
effect on LUTS (21).

CONCLUSIONS

In our study, among patients in whom biop-
sy was performed, IIEF scores were significantly lo-
wer in those with inflammation at the tissue level 
than in those without prostatitis. We suggest that the 
mechanism underlying advances in tissue damage 
caused by inflammation and BPH may also affect 
sexual function with similar mechanisms. Additional 
clinically relevant study is needed.
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Dipstick Spot urine pH does not accurately represent 24 
hour urine PH measured by an electrode
_______________________________________________
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Objectives: To determine whether spot urine pH measured by dipstick is an accurate 
representation of 24 hours urine pH measured by an electrode.
Materials and Methods: We retrospectively reviewed urine pH results of patients who 
presented to the urology stone clinic. For each patient we recorded the most recent 
pH result measured by dipstick from a spot urine sample that preceded the result of 
a 24-hour urine pH measured by the use of a pH electrode. Patients were excluded if 
there was a change in medications or dietary recommendations or if the two samples 
were more than 4 months apart. A difference of more than 0.5 pH was considered an 
inaccurate result.
Results: A total 600 patients were retrospectively reviewed for the pH results. The 
mean difference in pH between spot urine value and the 24 hours collection values was 
0.52±0.45 pH. Higher pH was associated with lower accuracy (p<0.001). The accuracy 
of spot urine samples to predict 24-hour pH values of <5.5 was 68.9%, 68.2% for 5.5 
to 6.5 and 35% for >6.5. Samples taken more than 75 days apart had only 49% the 
accuracy of more recent samples (p<0.002). The overall accuracy is lower than 80% 
(p<0.001). Influence of diurnal variation was not significant (p=0.588).
Conclusions: Spot urine pH by dipstick is not an accurate method for evaluation of 
the patients with urolithiasis. Patients with alkaline urine are more prone to error with 
reliance on spot urine pH.
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INTRODUCTION

The urinary pH is an integral part of the 
metabolic workup of patients with nephrolithiasis, 
and can help direct management approaches to 
stone prevention.

The value of urine pH may vary according 
to the type of urine sample and the method of 
measurement. Urine pH may be measured by va-
rious ways. In the outpatient setting, two common 
approaches are dipstick testing and the use of a 
pH electrode. The pH electrode is regarded as the 
gold standard method of spot-urine assessment of 

pH (1) however, dipstick measurements offer the 
advantages of point-of-care assessments, home-
-monitoring, easy handling, and convenient cost.

To date, 24-hour urine collections are the 
“gold standard” for metabolic evaluation in uri-
nary stone disease (2). However, it is time con-
suming and inconvenient, especially for working 
patients who constitute a big proportion of sto-
ne-formers. Such inconvenience may also impact 
patient motivation for completing repeat 24-
hour collections that are believed to be necessary 
for accurate monitoring of response to dietary or 
medical interventions (3).
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Our aim was to determine whether spot 
urine pH values measured by a dipstick are accu-
rate to represent the 24 hours urine pH measured 
by an electrode, for evaluation and monitoring of 
patients with urolithiasis.

MATERIALS AND METHODS

We retrospectively identified patients who 
presented to the urology stone clinic and had spot 
urine that was taken when the patient presented 
for a scheduled clinic visit. The 24 hour urine was 
collected at home by the patient, within 4 months 
from the spot urine date (Litholink Corp, Chicago, 
Il). Patients with a documented UTI at time of uri-
ne collections or those receiving urine acidifier or 
alkalizer medications were excluded.

To evaluate effects of spot urine results on 
clinical management, the accuracy of spot urine 
pH for predicting 24 hours pH was defined as such 
that a difference of more than 0.5 pH was consi-
dered a non-matching result, as dipsticks are only 
precise to the nearest 0.5 pH interval. For each 
patient, an accuracy score of a ‘yes’ or a ‘no’ was 
calculated by determining if the difference betwe-
en the two urine samples was within 0.5 pH. To 
assess influence of pH values on matching accu-
racy, 24  hours urine pH were also grouped into 
clinical relevant categories, <5.5, 5.5-6.5, and 
>6.5 for analysis. Time interval between spot and 
24 hours pH urine samples and time of day (am 
versus pm) the spot samples were taken were also 
included in the analysis.

Results were presented as means and stan-
dard deviations (SD), medians and inter quarter 
ranges (IQR), proportions or percentages. Group 
comparisons for continuous variables were done 
using Wilcoxon rank sum test. For categorical va-
riables and matching rate, chi-squared test was 
used. Bonferroni correction was used for multiple 
comparisons.

In order to evaluate factors influencing 
rate of matching between the two pH measures, 
logistic regression analysis was used to model the 
accuracy score as defined above. Odd ratio and 
its 95% CI were also estimated for a variable’s 
influence on accuracy. All analyses and graphics 
were done using the statistical software package R 

version 3.02 (R Development Core Team, www.r-
-project.org). All statistics were considered signi-
ficant at the level of α=0.05.

RESULTS

A total of 600 patients were retrospecti-
vely identified who had a spot urine sample wi-
thin 4 months of a 4-hour urine evaluation; the 
median time period between spot pH evaluation 
and 24-hour urine collection was 31 days (IQR 
15-61). 63% (377/600) spot pH samples were 
taken before noon with both AM and PM sam-
ples had a mean of 6.1 pH. The average (SD) spot 
pH was 6.1 (0.67) compared to 6.1 (0.58) for 24 
hours samples. The mean difference in pH be-
tween individual spot urine values and 24 hours 
collections was 0.52±0.45 pH.

The accuracy of spot urine samples to pre-
dict 24 hours pH values of <5.5 was 68.9% (71/103). 
The accuracy of spot urine samples to predict 24 
hours pH values of 5.5-6.5 was 68.2% (232/340), 
while the accuracy of spot urines to detect 24 
hours pH values >6.5 was only 35% (55/157). The 
>6.5 pH group had accuracy significantly lower 
than both the <5.5 pH and the 5.5-6.5 pH groups 
(both p’s <0.001) (Figure-1). The overall accuracy 
was 59.7% (358/600), which is significantly lower 
than an adequate accuracy of 80% (p<0.001).

Multivariable logistic regression analysis 
revealed that higher 24 hours urine pH was not 
matched by higher spot urine pH. pH >6.5 was 
only 19% as likely to be matched than for pH <5.5 
(OR=0.19; 95% CI: 0.11-0.33; p<0.001). 24 hours 
urine samples and spot urine samples taken close 
to one day (shorter time interval) were more likely 
to match. Samples taken more than 75 days apart 
only matched 49% of the time compared to those 
taken in shorter intervals (OR=0.49; 95% CI: 0.32-
0.77; p<0.001). Evaluating an AM or PM spot uri-
ne had no impact on the accuracy of the measure-
ment compared to the 24-hour urine pH (OR=1.1; 
95% CI: 0.78-1.57; p=0.588).

DISCUSSION

Variations in urine pH are considered one 
of the well-known risk factors for urolithiasis. 
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Monitoring urine pH has become an essential 
tool in the prevention and treatment protocols 
for stone formers. Simplifying the method of pH 
measurement and urine collection would make 
the follow-up easier and likely increase patient 
compliance by providing the opportunity for 
continuous home monitoring.

The 24 hour urine pH has been proposed to 
be more representative of a patient’s stone risk, avoi-
ding the possibility of diurnal variation or circadian 
rhythm in urinary acidity occurring with spot urine 
pH (4). Urinary acid–base parameters follow diurnal 
patterns and it is thought these changes are due to 
periodic surges in gastric acid secretion.

Our goal was to evaluate the accuracy of 
using spot urine pH as an alternative to 24 hour 
urine pH, which is considered the gold standard 
for metabolic evaluation of stone disease.

The most clinically relevant pH values for 
stone formers are between 2 categories: <5.5 whi-
ch is usually present with uric acid stone patients, 
to whom point alkalinization therapy might be 
initiated to decrease the risk of uric acid and cal-
cium oxalate supersaturation, and >6.5 where ei-
ther citrate supplementation may be decreased or 
concerns for calcium phosphate or struvite super-
saturation may arise (5). We therefore focused on 
these cut-off points of pH to evaluate the accuracy 
in these ranges.

Our results suggest that the accuracy of a 
spot urine pH varies depending on the value of the 
pH a patient had at the time of measurement. Gre-
ater accuracy was noted for pH values <5.5 and 
5.5-6.5 than those >6.5. One might conclude that 
spot urine values may be of benefit to help pa-
tients tailor their citrate intake to raise their urine 
pH above the 5.5 threshold, however greater re-
liance on 24-hour urine evaluations is warranted 
to avoid over-alkalinization once the pH has been 
increased above 6.5.

The timing of spot urine pH evaluation had 
no impact on the accuracy of the evaluation. Fu-
ture investigation will focus on the accuracy of 
daily home pH monitoring with weekly averaging 
of the values.

The measurement tools for determining pH 
(dipstick versus electrode) as well as the urine col-
lection method (one-time spot urine sample versus 
24 hours collection) and the average days between 
spot urine samples versus 24 hours collection are 
likely to affect the outcome of the pH value.

A similar study by Tsong et al. (2013) re-
ported that urine dipstick measurement had an 
approximately 1 in 4 (25%) risk of producing cli-
nically significant difference (pH differences >0.5 
pH unit) from meter values (6). The accuracy of pH 
electrode over the dipstick is well established by 
many researchers (7), but the difference between 
24 hour and spot urine sample pH was, to our best 
knowledge, never been evaluated.

Though the timing of the spot pH did not 
coincide specifically with the date of 24-hour 
urine collection, we believe timing of evaluation 
mimics the common clinical practice of patient 
self-monitoring of pH levels at home in between 
24-hour urine collections.

 Figure 1 - 24 hours Urine pH.
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One limitation of our study is that the ti-
ming of the spot urine samples was linked to the 
patient’s outpatient clinic visit; as such we were 
unable to evaluate the utility of a first AM void or 
an evening sample as a screening of therapeutic 
pH level.

CONCLUSIONS

We suggest that the spot urine pH by dips-
tick is not an accurate and dependable method 
for evaluation of the patients with urolithiasis. 
Spot pH urine evaluations are most accurate in 
patients with acidic urine. Its credibility should 

be reinforced periodically with the 24 hour elec-
trode measured pH to avoid the high risk of er-
rors, related to both the method of measuring 
and the sample used.
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Purpose: The aim of this study was to examine whether the duration of breastfeeding 
during infancy was associated with the time of spontaneous resolution of monosymp-
tomatic enuresis (SRME).
Materials and Methods: A total of 1500 people were surveyed at four centers. One 
hundred and eighty-one people with a history of monosymptomatic enuresis (ME) who 
received no treatment and had no day time symptoms were included in the study. The 
relationship between the duration of breastfeeding and SRME was assessed by consi-
dering the duration of breastfeeding as both continuous and categorical (cut-off value 
5 months) variable. The multivariate general linear model was used to identify inde-
pendent predictors such as gender, family history, and educational status of parents.
Results: Pearson correlation analysis of the age of SRME and duration of breastfeeding 
found no statistically significant relationship. However, there was a significant diffe-
rence in the age of SRME of those who were breastfed for 5 months or less compared 
to those who were breastfed for more than 5 months. According to the multivariate 
analysis, gender and educational status of parents were not effective on the age of 
SRME. Stepwise linear regression model showed that breastfeeding for five months 
or less and family history could affect the age of SRME. The regression formula was: 
age of SRME=9.599 + (3.807×five months or less of breastfeeding) + (1.258×positive 
family history).
Conclusions: It was found that when breastfeeding lasted for more than 5 months, 
there was a positive contribution to SRME.
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INTRODUCTION

Enuresis is an important and frequently 
seen health problem during childhood throughout 
the world and it is predicted that there are over 50 
million children with enuresis worldwide (1). Accor-
ding to the definition of the International Children’s 
Continence Society, in the absence of attendant 

symptoms of the lower urinary tract, such as dayti-
me urinary frequency, urgency, hesitancy, straining, 
daytime incontinence etc., any wetting during sleep 
above the age of 5 years is defined as monosymp-
tomatic enuresis (ME) (1-3). The overall prevalence 
of ME declines by about 15% each year with increa-
sing age, occurring in 15% of children aged 5 years, 
and 7% aged 7 (2, 4). Although ME is less common-
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ly seen after the age of 7 years, 1-2% of adults are 
still enuretic (3, 5, 6).

ME has been accepted as a common bio-
-behavioral problem in early childhood (4). The 
etiology seems to be multifactorial and several 
etiologies have been asserted for ME, including 
developmental delay, immature bladder function, 
immature sleep pattern and insufficient nocturnal 
antidiuretic hormone (7, 8). Most of these etiologies 
for ME are related to delayed development because 
they are normally seen in younger children and in-
fants. The developmental theory is supported by cli-
nical studies that report more developmental delays 
in children with ME compared with controls (8, 9). 
Other causes of ME include psychosocial and fami-
lial factors. The effects of psychosocial factors such 
as stress are ambiguous but have been stated to be 
associated with ME (7, 10, 11). Also, genetic factors 
have been recognized in ME and familial clustering 
has been observed in several studies (7-9, 12).

Although the high rate of spontaneous re-
solution is obvious, there are no articles investiga-
ting the effect of the factors that contribute to the 
time of spontaneous resolution of monosymptoma-
tic enuresis (SRME). We examined the relationship 
between ME and breastfeeding because both have 
been reported to be strongly associated with chil-
dhood development. For example, there is a lot of 
clinical evidence that breastfeeding may provide 
neurodevelopmental advantages to children (13-
16). Neurodevelopmental delays have been iden-
tified in children with ME (9, 12). In addition to 
this, it was determined that psychogenic factors 
similar to stress play a role in the etiology of ME, 
but breastfeeding has been shown to have positive 
contributions to self-esteem and some psychologi-
cal diseases (17). According to numerous studies, 
it is clear that both breastfeeding and ME are as-
sociated with child development, so the objective 
of this study was to examine whether duration of 
breastfeeding during infancy was associated with 
the time of SRME.

MATERIALS AND METHODS

Patient Population
After receiving permission from the ins-

titutional ethics committee, about 1500 people 

were surveyed. The questionnaires were obtained 
by talking to individuals face to face in four refer-
ral hospitals which were located in different cities 
in Turkey. Only patient relatives, not the patients, 
were asked to answer the questionnaire in different 
out-patient clinics of the centers (outpatient clinics 
of urology, dermatology and family medicine). If 
the answer to the question of whether there was 
bed-wetting after the age of five (the 60th month 
after birth) was yes, the other questions were asked. 
To evaluate the spontaneous resolution correctly, 
patients who were given any treatment for bed-
-wetting were excluded. In those whose bed-wet-
ting resolved spontaneously, the duration of breas-
tfeeding, educational status of parents and family 
history of enuresis were questioned. The presence 
of ME in first degree relative was evaluated as posi-
tive family history. We excluded patients with diur-
nal enuresis or with any day-time symptoms such 
as pollakiuria, frequency, and urgency during any 
part of their life. Patients with illnesses which could 
affect micturition habits such as diabetes mellitus 
or neurological diseases were also excluded. Be-
cause the basis of the study is information about 
infancy, those over the age of 35 were excluded 
from the study. If the participating children were 
aged 16 and below, information provided by the 
parents of children were taken into consideration. 
The information given by participants who were ol-
der than 16 was confirmed by another member of 
the family. At the end of the questionnaire, patients 
and parents were all asked if they were extreme-
ly sure about the information they provided. If the 
answer was no, they were excluded from the study. 
If the double checks were inconsistent, participants 
were also excluded from the study. As a result, the 
clinical data from 181 people were evaluated.

Statistical analysis
 

All statistical analyses were performed 
using SPSS, version 20.0. All values are shown as 
mean ± standard deviation. The normal distribu-
tion of the sample data was checked with the Kol-
mogorov-Smirnov and Shapiro-Wilk tests (18). The 
comparison of duration of breastfeeding and age of 
resolution of ME was completed using the Pearson 
correlation analysis. The effect on SRME of gender, 
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family history and five months and less or longer 
duration of breastfeeding were evaluated with the 
Mann-Whitney U test. The Kruskal-Wallis tests 
were conducted to compare the age of SRME and 
the educational status of mother and father (each 
had 3 subgroups). The multivariate general linear 
model and stepwise linear regression were used to 
identify independent predictors such as gender, fa-
mily history, educational status of parents, and five 
months or less duration of breastfeeding. The mo-
del fit was assessed using appropriate residual and 
goodness-of-fit statistics. A p value of <0.05 was 
accepted as significant.

RESULTS

The study consisted of 103 male patients 
(56.9%) and 78 female patients (43.1%); 181 pa-

tients in total. The average age was 25.7±6.2 
(between 7-35 years), 90% were over the age of 
14. The average age of SRME was 11.0±3.5 ye-
ars (range 5-30 years) and the average duration 
of breastfeeding was 16.5±9.8 months (range 0-60 
months) (Table-1).

Pearson correlation analysis of the age of 
SRME and duration of breastfeeding found no sta-
tistically significant relationship (p=0.250) (Figu-
re-1). However, there was a significant difference 
in the age of SRME of those who were breastfed 
for 5 months or less compared to those who were 
breastfed for more than 5 months (average age of 
resolution for those breastfed ≤5 months 14.35±5.0 
years; for those breastfed >5 months 10.58±2.9; 
p<0.001). There were no statistically significant re-
lationships between the age of SRME and gender or 
presence of family history (Table-2). There was no 

Table 1 - The demographic characteristics of patients.

n Mean ± ss Median Minimum Maximum

Age 181 25.7 ± 6.2 27.0 7.0 35.0

Age of spontan resolution of MNE 181 11.0 ± 3.5 11.0 5.0 30.0

Duration of breatfeeding (month) 181 16.5 ± 9.8 13.0 0.0 60.0

Figure 1 - The relationship between breastfeeding and mean age of spontaneous resolution of monosymptomatic enuresis is 
demonstrated.
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significant correlation found between the age 
of SRME and educational status of parents (Ta-
ble-3). A multivariate linear model was used to 
evaluate the independent predictors for the age 
of SRME. According to this analysis, the age of 
SRME was not affected by gender, or the edu-
cational status of mother and father (p=0.483, 
p=0.488, p=0.396, respectively). Stepwise linear 
regression showed that breastfeeding for five 
months or less and family history could affect 

the age of SRME (Table-4). The regression for-
mula was: age of SRME=9.599 + (3.807×five 
months or less of breastfeeding) + (1.258×posi-
tive family history).

DISCUSSION

This is the first study to investigate the 
relationship between the age of SRME in chil-
dren and breastfeeding. ME is regarded as a 

Table 2 - Gender, breastfeeding, family history and SRMNE.

Age of spontaneous resolution Mann-Whitney U Test

n Mean ± ss Med Min Max Mean Rank U p

Gender

Female 78 10.99 ± 3.80 10.0 6.0 30.0 88.00

3783 0.501Male 103 11.01 ± 3.23 11.0 5.0 18.0 93.27

All 181 11.00 ± 3.48 11.0 5.0 30.0

Duration of 
breastfeeding

≤ 5 month 20 14.35 ± 5.08 13.0 8.0 30.0 129.63

837.5 0.0001> 5 month 161 10.58 ± 2.99 10.0 5.0 22.0 86.20

All 181 11.00 ± 3.48 11.0 5.0 30.0

MNE in family history
Apsent 40 10.08 ± 3.16 10.0 5.0 17.0 77.80

2292 0.07Existent 141 11.26 ± 3.53 11.0 5.0 30.0 94.74

All 181 11.00 ± 3.48 11.0 5.0 30.0

Table 3 - Education status of parents and SRMNE.

Age of spontaneous resolution Kruskal-Wallis H Test

n Mean ± ss Med Min Max Mean Rank H p

Education 
status of 
mother

Primary school and less 122 10.97 ± 3.28 11.0 5.0 22.0 89.82

0.05 0.975
High school 34 11.26 ± 4.43 11.0 6.0 30.0 89.69

University 25 10.80 ± 3.07 10.0 5.0 17.0 91.61

Total 181 11.00 ± 3.48 11.0 5.0 30.0

Education 
status of 
father

Primary school and less 110 10.91 ± 3.00 11.0 5.0 21.0 91.77

High school 46 11.24 ± 4.61 10.0 6.0 30.0 88.23

University 25 10.96 ± 3.13 11.0 5.0 18.0 92.70

Total 181 11.00 ± 3.48 11.0 5.0 30.0 0.18 0.914
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self-limiting condition and expected to resol-
ve spontaneously at a rate of 15% per year (5, 
19, 20). Alarm therapy and desmopressin, whi-
ch are evidence-based first-line treatments, are 
recommended for current treatment of ME (3, 
21). Some parents who have children with ME 
choose an observational approach instead of 
the treatment option. However, in spite of this 
high rate of spontaneous resolution, there is no 
study researching the factors that could affect 
this rate found in the literature.

There may be various factors, such as 
severity of symptoms, which influence the age 
of spontaneous resolution. Although many fac-
tors such as behavior abnormalities, immature 
bladder function, imamture sleep pattern, insu-
fficient nocturnal antidiuretic hormone and he-
reditary factors can be coupled with ME, there 
is a traditional opinion that developmental im-
maturity of voiding control is the main reason 
(7, 8). The role of stress and psychological fac-
tors in the pathogenesis of ME has been shown 
in a variety of studies (7, 10, 11, 21). Recently 
many studies have identified a delay in neu-
romotor development in children with ME (8, 
9, 12, 22). These studies assert a maturational 
deficit of the brainstem as the possible central 
dysfunction of the disorder.

It is known that breastfeeding has a po-
sitive effect on behavior problems. Breastfee-
ding forms a bond between mother and baby 
and a variety of studies have shown many po-
sitive psychological effects like increasing self-
-esteem and preventing depression (17, 23, 24). 
According to a study by Kwok et al. durations of 
breastfeeding of less than 3 months were linked 

to worse behavior and lower self-esteem (17). 
Additionally, a range of studies have investiga-
ted the effects of breastfeeding on cognitive de-
velopment and neurodevelopment (13, 15, 16, 
25). The central nervous system has the second 
highest concentration of lipids in the body after 
adipose tissue, which contains predominantly 
triglycerides. The lipids in the brain are present 
as the structural phospholipid components of 
cell membranes (25). Docosahexaenoic acid and 
arachidonic acid, which are present in breast 
milk, are examples of the most important and 
basic long chain polyunsaturated fatty acids. 
Babies only have a limited capability to synthe-
size such fats from precursors (14). It has been 
shown that especially the higher n-3 and n-6 
long-chain polyunsaturated fatty acids in bre-
ast milk have important effects on neural and 
visual development (14, 16, 25). Vestergaard et 
al. determined that the duration of breastfee-
ding was a specific milestone for motor skills 
and early language development (16).

In the literature there were few studies 
investigating the relationship between breastfe-
eding and ME; however, none investigated the 
relationship between spontaneous resolution 
and breastfeeding. In a cross-sectional study by 
Gumus et al., different clinical factors in chil-
dhood bed-wetting were evaluated and, taking 
rates of breastfeeding in the first four months 
after birth as reference, there was no differen-
ce found between cases with enuresis and tho-
se without (26). Singh et al. investigated the 
relationship between bed-wetting and several 
different clinical features of 100 children. Al-
though there was no control group in the study, 

Table 4 - Results of the multivariate general linear model analysis.

B Beta p CI 95%

Constant 9.599 0.0001 8.568-10.630

Duration of breatfeeding
(0: five month or less 1: longer than five month)

3.807 0.344 0.0001 2.288-5.327

Family history
(0: absent – 1 present)

1.258 0.151 0.032 0.110-2.406



ibju | breastfeeding and monosymptomatic enuresis

555

the authors found higher enuresis prevalence in 
children fed using a bottle compared with those 
who were breastfeed (27).

A study by Barone et al. compared enure-
tic children with a control group and showed that 
duration of breastfeeding longer than 3 months 
had a protective effect against bed-wetting (28). 
In a recent observational case-control study in-
volving 200 children and adolescents from 6 to 
14 years old, Oliviera et al. indicated that the 
duration of breastfeeding of less than 4 months 
is strongly associated with primary enuresis (29). 
In our study while there was no significant di-
fference found between the age of spontaneous 
resolution and breastfeeding of children with 
ME, comparing the group who were breastfed 
for 5 months or less with those fed for longer, 
breastfeeding had a significant positive contri-
bution to age of SRME (p<0.001). With regard 
to multivariate analysis, gender and educational 
status of mother and father were not effective 
on the age of SRME. Stepwise linear regression 
model showed that five months or less of bre-
astfeeding and family history could affect the 
age of SRME. There was very weak correlation 
between the family history and the age of SRME. 
Accordingly, breastfeeding for at least 5 months 
can be expected to provide a contribution to the 
age of SRME in children. This conclusion corre-
lates with the results of previous studies and is 
in accordance with our expectations due to the 
positive contribution on neurodevelopment and 
childhood psychology of breastfeeding.

None of the patients included in the 
study after the survey had treatment of ME in 
their history. However, due to the psychological 
effects of bed-wetting on the child and family, 
especially in school-going children, treatment is 
recommended (30). As a result, when designing 
prospective studies about SRME in children, it 
may not be ethical not to give treatment. As a 
result, a survey questionnaire was used for the 
study design. It may be considered that a case 
control approach would have been more ap-
propriate. However, we investigated the factors 
affecting the time of SRME and it is impossible 
to evaluate the time of SRME in patients who 

were not bedwetting which is why we did not 
design a case control study.

The major limitation of the current study 
was the long time between breastfeeding, enuresis 
and application of the questionnaire. Neverthe-
less, in order to increase the reliability of data, 
those over the age of 35 were excluded from the 
study, information given only by the family in 
children under the age of 16 were taken into con-
sideration, and information given by participants 
over the age of 16 were double-checked. Another 
limitation of the study was that enuresis-related 
diseases such as adenoid hyperplasia and obstruc-
tive sleep apnea-hypopnea syndrome were not 
considered in the study design.

CONCLUSIONS

One of the frequently observed disor-
ders in childhood is ME, generally evaluated 
as a benign situation due to the high rate of 
spontaneous resolution. If it continues into the 
school-going period, treatment is recommended 
due to negative effects on the child and family, 
but this topic is still debated. In our study leng-
thening the duration of breastfeeding to more 
than 5 months was found to have an effect on 
spontaneous resolution. Before planning medi-
cation or other treatments for children with ME, 
the factors that can affect spontaneous resolu-
tion should be evaluated to reduce the cost of 
medications or other treatments and to protect 
children from the side effects of medication 
treatment. Breastfeeding, with no costs, has a 
positive effect on the age of SRME, similar to 
its effects on many aspects of childhood deve-
lopment. This under-researched topic requires 
more prospective randomized studies.
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Is there a trans-abdominal testicular descent during the 
second gestational trimester? Study in human fetuses 
between 13 and 23 weeks post conception
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________
Objectives: To confirm if a real inner descend of testis occurs, correlating the testicular 
position with fetal parameters and analyzing the position of the testes relative to the 
internal ring.
Material and Methods: Twenty nine human fetuses between 13 and 23 weeks post 
conception (WPC) were studied. The fetuses were carefully dissected with the aid of a 
stereoscopic lens with 16/25X magnification and testicular position observed. With the 
aid of a digital pachymeter the distance between the lower pole of the kidney and the 
upper extremity of the testis (DK-T) was measured to show the position of the testis. 
During the dissection we also indicated the position of the testes relative to the internal 
ring. Means were statistically compared using simple linear regression and the paired 
T-test.
Results: The 58 testes had abdominal position. The DK-T in the right side measured 
between 0.17 and 1.82cm (mean=0.79cm) and in the left side it was between 0.12 and 
1.84cm (mean=0.87cm), without statistically differences (p=0.0557). The linear regres-
sion analysis indicated that DK-T in both sides correlated significantly and positively 
with fetal age. All fetuses with more than 20 WPC, heavier than 350g and with CRL 
over 22cm had a greater distance than the average DK-T. We xobserved that the 58 
testis remains adjacent to the internal ring throughout the period studied.
Conclusions: The testes remains adjacent to the internal ring throughout the period 
studied, indicating that there is no real trans-abdominal testicular descent during the 
second gestational trimester.
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INTRODUCTION

Testicular descent is a process that depends 
on anatomic modifications and hormonal stimu-
lus (1, 2). During the human fetal period, the testes 
migrate from the abdomen to the scrotum, traver-
sing the abdominal wall and the inguinal canal 
between the 15th and the 28th week post-concep-
tion (WPC) (1-4). Some authors suggest that tes-
ticular descent has two separate stages: the first 

phase corresponds to the testicular descent from 
the abdomen to the internal inguinal ring, and the 
second phase corresponds to the transition of the 
testes through the inguinal canal until their defi-
nitive arrival in the scrotum (1-3).

Various factors have been proposed as cau-
sing testicular descent in humans, including the 
increase in the intra-abdominal pressure (5, 6), the 
development of the epididymis, spermatic vases, 
deferent ducts and inguinal canal (7); stimuli from 
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the genito-femoral nerve (8); hormonal stimulus 
originating in the placental gonadotrophin and 
the testosterone produced by the fetal testes (9); 
propulsion by the smooth muscle that surrounds 
the processus vaginalis (10) and gubernaculum 
development (7).

The moment when testicular descent be-
gins is controversial. Backhouse (2) reports that 
this process starts at about the 24th week post-con-
ception, while Heyns (3) and Sampaio&Favorito 
(4) relate cases where the descent process started 
as early as the 17th week.

There are only a few reports in the lite-
rature about the chronology of testicular descent 
in human fetuses (11). The process of descent of 
the testis from the abdomen to the inguinal canal 
during the first phase of testicular descent is not 
totally understood in humans. This inner testicular 
descent was dependent of the gonad growth, invo-
lution of mesonephros and the descending septum 
transversum of the anlage of the diaphragm (12).

The objective of this paper is to confirm 
if a real inner descend of testis occurs, analyzing 
the abdominal testicular descent by correlating 
the testicular position with fetal age, weight, 
crown-rump length (CRL), total length of the fe-
tus and the position of the testes relative to the 
internal ring.

MATERIAL AND METHODS

This study received institutional review com-
mittee approval and was carried out in accordance 
with the ethical standards of the hospital’s institutio-
nal committee on human experimentation.

During the period from January 2014 
through March 2015, 29 male human fetuses (58 
testes) ranging in age from 13 to 23 weeks post-
-conception (WPC) were studied. The fetuses were 
macroscopically well preserved, showed no signs 
of malformations and came to our laboratory as 
a donation of the obstetric section of our hospital 
and the demise was hypoxia. The gestational age 
of the fetuses was determined in WPC, according 
to the foot-length criterion. This criterion is cur-
rently considered the most acceptable parameter 
to calculate gestational age (13-15). The fetuses 
were also evaluated regarding total length (TL), 

crown-rump length (CRL) and body weight imme-
diately before dissection. The same observer made 
all the measurements.

After the measurements, the fetuses were 
carefully dissected with the aid of a stereoscopic 
lens with 16/25X magnification. The abdomen, 
pelvis and inguinal canal were opened to identify 
and expose the urogenital organs.

Testicular position was classified after dis-
section into: a) Abdominal, when the testis was 
proximal to the internal ring; b) Inguinal, when 
the testis was found between the internal and ex-
ternal inguinal rings; and c) Scrotal, when the tes-
tis had passed beyond the external inguinal ring 
and was inside the scrotum.

With the aid of a digital pachymeter, the 
distance between the lower pole of the kidney and 
the upper pole of the testis (DK-T) was measured 
to show the descent of the testis during migration. 
The same observer made these measurements (Fi-
gure-1). During the dissection we also indicated the 
position of the testes relative to the internal ring.

Statistical analysis

Mean values of the distance between the lo-
wer pole of the kidney and the upper extremity of 
the testis for each side were statistically compared 
using the unpaired T-test. We also performed simple 
linear regression to assess the association between 
the variables analyzed with fetal age. In addition, 
the correlation coefficient (r) and the p-value were 
obtained for each regression analysis, and p≤0.05 
was considered to indicate statistical significance. 
The Graph pad Prism 5.0 software was used.

RESULTS

The fetuses weighed between 30 and 793.4g; 
had crown-rump length between 7 and 24.5cm 
and had total length between 10 and 34.5cm. The 
58 testes all had abdominal position. The DK-T in 
the right side measured between 0.17 and 1.82cm 
(mean=0.79cm; SD=0.3868 and SE=0.07183) and in 
the left side between 0.12 and 1.84cm (mean=0.87; 
SD=0.4296 and SE=0.07978), without statistically 
significant difference (p=0.0557). Table-1 reports the 
fetal parameters and the measurements of DK-T in 
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the right and in the left side of all fetuses studied.
Considering the average of DK-T in the right 

and in the left side, all fetuses with more than 20 
WPC had a greater distance than the average DK-T 
value. All fetuses heavier than 350g and with CRL 
greater than 22cm had the high or very near average 
DK-T values.

The linear regression analysis indicated that 
DK-T in the right and left sides correlated signifi -
cantly and positively with fetal age and weight, du-
ring the fetal period studied (13 to 23 WPC). When 
comparing the DK-T with TL and CRL, we observed 

a weak correlation in the right and in the left side. 
Figure-2 shows the correlations graphs, the linear 
regression values (r2) and the p-values of all fetal 
parameters studied.

We observed that the 58 testis remained ad-
jacent to the internal ring throughout the period stu-
died (Figure-3).

DIsCussIOn

Previous studies show that in the fi rst pha-
se of testicular descent, the testis descends from 

figure 1 - Correlation of the distance between the lower pole of the kidney and the upper extremity of the testis (DK-T) in 
the left and right side with fetal age, total fetal length, crown-rump length and weight during the fetal period studied (13 
to 23 weeks post-conception-wpC). The points plotted represent the mean values obtained for each week studied. A) AgE 
(wpC). Linear regression indicated that DK-T is correlated signifi cantly and positively with fetal age (right side: r2 = 0.4128, 
p=0.0002 and left side: r2 = 0.4452, p<0.0001). B) fetal weight (g). Linear regression indicated that DK-T is correlated 
signifi cantly and positively with fetal weight (right side: r2 = 0.2987, p=0.0022 and left side: r2 = 0.3094, p=0.0017). C) 
Crown-rump length (cm). Linear regression indicated that DK-T is correlated signifi cantly and positively with fetal crown-
rump length (right side: r2 = 0.2235, p=0.0096 and left side: r2 = 0.2995, p=0.0021). D) Total length (cm). Linear regression 
indicated that DK-T is correlated signifi cantly and positively with fetal weight (right side: r2 = 0.2729, p=0.0036 and left side: 
r2 = 0.3324, p=0.0011).
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the lower pole of the kidney to the pelvic cavity 
near the bladder neck (16). In this phase, the gu-
bernaculum enlarges to hold the testis near the 
internal ring, regulated by insulin-like-3-hormone 
(INLS-3) (17, 18). INSL-3 is secreted by the Leydig 
cells and controls gubernaculum swelling via 
its receptor, a process resulting in thickening of 
the gubernaculum because of increases in water, 
glycosaminoglycan and hyaluronic acid content 
(17-21).

The first phase of testicular descent in hu-
man fetuses begins around the 8th WPC and lasts 
until the 15th WPC (22) and the second phase, or 
the inguino-scrotal phase, begins around the 25th 
WPC and lasts until the 35th WPC (23). Previous 
papers studying large numbers of testes show that 
some fetuses with 17 WPC already had the testis 
situated in the inguinal canal and all the fetuses 
older than 30 weeks already had the testes in the 
scrotum (4). Other authors, however, have repor-

ted that the testicular descent is only completed 
after the 32nd week post-conception (1-3). So the 
chronology of testicular descent during the second 
and the third trimesters of gestation are still con-
troversial in the literature.

Previous studies in human fetuses have sho-
wn that until 21 WPC, the majority of the testes are 
located in the abdomen (4, 11). Sampaio&Favorito 
(4) studied 71 human fetuses (142 testes) and 88% 
of the testes in fetuses with less than 21 WPC were 
in the abdomen. Favorito (11) recently studied the 
asymmetry during testicular migration in 164 hu-
man fetuses and observed that 99% of the testes 
were abdominal in fetuses with less than 20 WPC. 
These two previous papers only report observa-
tions, without any measurements of the testicular 
descent in the abdomen.

In our sample, formed only of fetuses with 
23 WPC or less, all the testes were abdominal, 
showing that the passage of the testis through 

Figure 2 - Measurement of the distance between the 
lower pole of the kidney and the upper extremity of the 
testis. A) Male fetus with 22 weeks post-conception. The 
abdominal wall and the intra-peritoneal organs were 
removed, revealing the left kidney (LK) and the left testis 
(LT). B=bladder. B) The same fetus, where the distance 
between the lower pole of the left kidney (LK) and the 
upper extremity of the left testis (LT) was measured with 
a digital pachymeter (P).

Figure 3 - Position of the testes relative to the internal ring. 
A) Male fetus with 13 weeks post-conception. The abdominal 
wall and the intra-peritoneal organs were removed, showing 
that the right (RT) and the left testis (LT) remains adjacent 
to the internal ring (IR). B) Male fetus with 23 weeks post-
conception. The abdominal wall and the intra-peritoneal 
organs were removed, showing that the right (RT) and the 
left testis (LT) remains adjacent to the internal ring (IR). 
LK=left kidney; RK=Right Kidney; B=bladder and P=Penis.
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the inguinal canal rarely occurs before the 20th 
WPC. Heyns (3) found only 2.6% of the testes 
examined in his sample located in the inguinal 
canal, while Sampaio&Favorito (4), in a sample 
of 71 human fetuses, found 20.5% of the testes 
located there. Furthermore, 73.3% of these tes-
tes were in fetuses with ages between 21 and 25 
WPC, indicating that in this period the migration 
through the inguinal canal intensifies.

Various parameters have been proposed 
to determine the gestational age of human fe-
tuses, and crown-rump length and fetal weight 
are some of the most important (24, 25). Studies 
correlating fetal parameters with testicular mi-
gration during human fetal period are rare in 
literature. A previous study of fetal weight and 
testicular descent in human fetuses showed that 
almost 7% of the testes in fetuses with weight up 
to 500g had the testes positioned in the inguinal 
canal (26). In our sample, we observed that the 
distance between the kidney and the testis was 
greater in fetuses weighing more than 350g. This 
information indicated a progressive increase in 
abdominal length during gestation, and therefo-
re do not convincingly show that the testis has 
progressive descent during the second trimester.

The only study that correlates the crown-
-rump length with testicular descent in human 
fetuses showed that more than 80% of the fetuses 
with CRL between 6.4 and 20.5cm had testes in 
the abdominal position and in the fetuses with 
CRL between 21 and 25.5cm, 45% of the testes 
were in the abdomen, 45% in the inguinal canal 
and more than 9% in the scrotum (4). In our sam-
ple, all the fetuses had the testes in abdominal 
position, but we observed that the fetuses with 
CRL longer than 22cm had high or near average 
DK-T values, suggesting also a progressive incre-
ase in abdominal length during gestation.

In the present study we measured the dis-
tance between the lower pole of the kidney and the 
testis, a very easy way to show the testicular posi-
tion during the abdominal phase of testicular mi-
gration. This measurement can be easily correlated 
with the fetal parameters too. We observed that the 
DK-T correlated significantly and positively with 
fetal age and weight, in the right and left side.

We observed that all the 58 testes of our 
sample remains adjacent to the internal ring 
throughout the period studied (13 to 23 WPC), 
indicating that there is no real trans-abdominal 
descent of the testis during the second trimes-
ter. Previous studies indicated that the testis has 
progressive descent until the 15th WPC and not 
during the second gestational trimester, which 
could be confirmed by our findings (22, 23).

We should mention some limitations of 
this study: 1) Small sample size–access to human 
fetuses is limited, so observations of this sam-
ple of 29 fetuses may be important although the 
small number is a weakness, mainly regarding 
statistical results. 2) Unequal WPC distribution in 
the period studied–we did not have fetuses with 
less than 13 WPC and at some ages we had 4 fe-
tuses and at others only 1 or 2 fetuses. Neverthe-
less, the sample distribution during this impor-
tant period of testicular migration was adequate 
in our opinion.

CONCLUSION

The distance between the kidney and the 
testis in both sides had a strong positive correla-
tion with fetal age and weight in human fetuses. 
The testes remains adjacent to the internal ring 
throughout the period studied (13 to 23 WPC), 
indicating that there is no real trans-abdominal 
testicular descent during the second trimester.

Abbreviations

WPC = week post-conception
TL = total length
CRL = crown-rump length
DK-T = distance between the lower pole of the 
kidney and the upper extremity of the testis
INLS-3 = insulin-like 3 hormone
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Single stage: dorsolateral onlay buccal mucosal urethroplasty 
for long anterior urethral strictures using perineal route
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Objective: To assess the outcome of single stage dorsolateral onlay buccal mucosal 
urethroplasty for long anterior urethral strictures (>4cm long) using a perineal incision.
Materials and Methods: From August 2010 to August 2013, 20 patients underwent 
BMG urethroplasty. The cause of stricture was Lichen sclerosis in 12 cases (60%), 
Instrumentation in 5 cases (25%), and unknown in 3 cases (15%). Strictures were ap-
proached through a perineal skin incision and penis was invaginated into it to access 
the entire urethra. All the grafts were placed dorsolaterally, preserving the bulbospon-
giosus muscle, central tendon of perineum and one-sided attachement of corpus spon-
giosum. Procedure was considered to be failure if the patient required instrumentation 
postoperatively.
Results: Mean stricture length was 8.5cm (range 4 to 12cm). Mean follow-up was 22.7 
months (range 12 to 36 months). Overall success rate was 85%. There were 3 failures 
(meatal stenosis in 1, proximal stricture in 1 and whole length recurrent stricture in 
1). Other complications included wound infection, urethrocutaneous fistula, brownish 
discharge per urethra and scrotal oedema.
Conclusion: Dorsolateral buccal mucosal urethroplasty for long anterior urethral stric-
tures using a single perineal incision is simple, safe and easily reproducible by urolo-
gists with a good outcome.
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INTRODUCTION

Urethral stricture is a common disease en-
countered by urologist. Exact incidence in Indian 
population has not been reported. Reconstruction 
of long and complex anterior urethral strictures 
is technically demanding. Long anterior strictures 
with dense focal narrowing and scarred, extre-
mely narrow urethral plates, fistula or infection 
are best managed with staged procedures (1, 2). 
Those with a salvageable urethral plate are being 
increasingly managed with a single stage repair 
using genital or non-genital tissues grafts/flaps (3, 

4). Since Suprechko’s first description of buccal 
mucosa used as a graft in 1886, it has become 
the tissue of choice for urethral reconstruction (5). 
Its popularity can be credited to extensive work 
by Braca and Barbagli. It is readily available and 
easily harvested with minimal donor site morbi-
dity. Buccal mucosa is hairless, has a thin, elastin 
rich epithelium giving it excellent handling cha-
racteristics and a highly vascular lamina propria, 
which facilitates harvesting and imbibition. The 
ideal location for BMG onlay has been debated for 
quite some time. There is now adequate eviden-
ce that dorsal onlay has an edge over the ventral 
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onlay technique, especially in the penile urethra 
(5-7). Recently Barbagli and Kulkarni have pro-
posed one-sided mobilization of the urethra with 
sparing of central tendon of perineum and dor-
sal anterior/lateral placement of the BMG in order 
to preserve the blood supply to the urethra and 
neuro-vascular integrity of the bulbospongiosus 
muscle respectively (8, 9).

We present our experience single stage 
urethroplasty with dorso-lateral onlay of BMG 
for long strictures of anterior urethra approached 
through a perineal incision.

MATERIALS AND METHODS

The study was conducted between Au-
gust 2010 and August 2013. Approval was taken 
from the hospital ethical committee. Patients 
who presented to us with anterior urethral stric-
tures (>4cm measured on RGU) were included in 
the study. Each patient was evaluated by detailed 
history, physical examination, uroflow with post 
void residual urine, RGU and VCUG, and other 
routine investigations necessary for surgery. A 
suprapubic catheter was placed pre-operatively 
in those presenting with acute retention of urine 
and/or with altered renal parameters. The cause of 
stricture was Lichen sclerosis in 12 cases (60%), 
instrumentation in 5 cases (25%), and unknown 
in 3 cases (15%).

Exclusion criteria were previous failed ure-
throplasty, urethral abscess, urethral fistulas and a 
scarred and unsalvageable urethral plate.

Uroflowmetry and measurement of post-
-void residue was done at 1 month, 3 months and 
6 months after surgery and every 6 months for the 
first 3 years thereafter. Those who had a recur-
rence of voiding symptoms with an objective evi-
dence on uroflow study underwent imaging and/
or cystoscopy to identify the site of re-stricture. 
These cases were considered as treatment failures.

Operation was performed under gene-
ral anesthesia with nasal intubation. Two teams 
worked simultaneously, one at the donor site and 
other at the recipient site. Urethroscopy was per-
formed using a 6-7.5Fr semi rigid (Karl Storz) ure-
teroscope and a hydrophilic (Terumo) guide wire 
was passed into the bladder. A 5fr ureteric catheter 

was guided over it and the ureteric catheter was 
secured with a stich on the glans. A midline pe-
rineal skin incision is made; the bulbar urethra 
is exposed, preserving the midline tendon of the 
perineum and bulbospongiosus muscle (Figure-1). 
The involved bulbar urethra is dissected off the 
corpora cavernosa on the left side, so as to leave 
the right half attached and preservation of its la-
teral blood supply.

The penis is invaginated into the perineal 
incision and the involved segment of penile urethra 
is similarly dissected of corpora cavernosa along 
the left side. On the left side urethra is partially ro-
tated and the dorso-lateral surface is incised expo-
sing the lumen (Figure-2). The incision is extended 
for about 1cm beyond the stricture segment at both 
ends. The proximal and distal lumen is calibrated 
to ensure adequate patency. In case of strictures ex-

Figure 1 - Dissection up to level of bulbo spongeosis with 
long stricure in penile and bulbar urethra.
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tending up to the external urethral meatus, a dorsal 
meatotomy is performed from the meatus, through 
the urethra inside the glans, connecting it to the 
dorso-lateral incision in the distal penile urethra.

The buccal mucosa is harvested from the 
inner cheek (one or both sides, depending on the 
length required). The inner cheek from just inside 
the labial angle up to the retromolar trigone is ma-
rked, keeping 0.5cm away from the opening of the 
Stensen duct, to obtain a buccal graft of 2.5-3cm 
width and 6-7cm length. We use a 26 gauge needle 
to infiltrate dilute (1:200000) adrenaline under the 
marked portion of the mucosa. The edges are inci-
sed, 2 stay sutures are placed at the distal corners 
of the graft using 3-0 chromic catgut, for traction. 
Once the graft is harvested, the raw area is allo-
wed to epithelize secondarily. The graft is defatted, 
trimmed to an appropriate shape and used as an 
onlay. We do not perform a primary closure of the 
mucosal defect.

Figure 2 - Dissection of right half of copus spongiosum off 
the copora cavernosa dorsally and opening of the stricture 
segment Note: Bulbo spongiosus muscle being retracted 
down to facilitate exposure.

Figure 3a - Buccal mucosa graft placed in position by 
quilting over the tunica of corpora cavernosa.

The buccal mucosal graft is trimmed to an 
appropriate size and is spread and fixed (quilted) 
over the exposed half of the corpora. The edges of 
the graft are sutured to the corresponding edges of 
the opened urethral lumen using 4-0 polygalactin 
sutures (Figures 3a, 3b and 3c) over a 14Fr silicone 
Foley’s catheter. In those cases with external ure-
thral involvement, the dorsal meatotomy incision 
allowed us to widen the narrow meatus/fossa na-
vicularis region and draw the graft in through the 
glans from the distal urethrotomy and place it right 
up to the tip of the external meatus (Figures 4a and 
4b). After completion of anastomosis, the wound is 
closed in layers (Figure-5). The periurethral catheter 
is left in-situ for 3-4 weeks.

RESULTS

Twenty patients were included in the study 
(Table-1). Mean age of patients was 39±7.867 year 
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Figure 3b - Intra operative image showing placement of 
buccal mucosal graft.

Figure 4a - Dorsal meatotomy and graft placement at the 
external urethral meatus.

Figure 3c - Intra operative image showing completed graft 
placement. Note: Partial mobilization of corpus spongiosum.

Figure 4b - Graft placement covering entire length of 
stricture and extending into fossa navicularis.
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(range 18 to 56 years). Mean stricture length was 
8.5±1.395cm (range 4 to 12cm). Mean operative 
time was 140±11.337 min (range 120-180 min). 
The mean postoperative Qmax at the 12-month 
follow-up was 24±3.162mL/sec (range 18-32mL/
sec). None of these patients had any significant 
post void residual urine. The mean hospital stay 

was 6.25±1.070 days (range 5-9 days). None of 
the patients required peri-operative blood trans-
fusions.

Mean follow-up was 22.7±4.105 months 
(range 12 to 36 months). Treatment was successful 
in 17 (85%) and failed in 3 (15%). These 3 patients 
presented with decreased flow rates of<9mL/sec 
after 1-3 months. VCUG revealed a stricture at the 
proximal end of the graft in 1 (confirmed by ure-
throscopy), meatal stenosis in 1, and 1 had recur-
rent stricture along the whole length of the graft.

Recurrent stricture was treated by DVIU. 
Meatal stenosis was managed by a meatotomy. 
The patient who had recurrent stricture of the 
whole length was planned for revision urethro-
plasty but he lost follow-up.

Other complications included scrotal oede-
ma in 3 (17.6%), 3 patients (17.6%) had brownish 
discharge through external meatus and 2 (10%) 
patients had wound infection (Figure-3). One of 
these patients of wound infection had an urethro-
cutaneous fistula, which presented to us 3 weeks 
after catheter removal. None of the patients in our 
study had postoperative chordee, diverticulum 
formation or post void dribble.

DISCUSSION

BMG augmentation urethroplasty has 
become the standard of care for long urethral 
strictures. Whether to place the graft dorsally, 
ventrally or laterally is controversial. Dorsal pla-
cement of graft has advantage of using corporal 
bodies to provide a secure well vascularized graft 
bed that helps to prevent protrusion of the graft 

Table 1 - Patient demographics, operative and follow up data.

Total no of patients, n =20 Range Mean ± standard deviation

Age, in years 18-56 39±7.867

Stricture length, in cm 4-12 8.5±1.395

Operative time, in min 120-180 140±11.337

Hospital stay, in days 5-9 6.25±1.070

Post-operative Qmax (12 month), in mL/sec 18-32 24±3.162

Follow-up, in months 12-36 22.7±4.105

Figure 5 - Completed graft anastomosis.
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with resulting pseudo-diverticulum formation. In 
addition, this spread BMG fixation preserves graft 
width and hence urethral caliber (10). On the other 
hand ventral location provides the advantage of 
ease of exposure and good vascular supply by 
avoiding circumferential rotation of urethra. Ven-
tral urethrotomy allows the lumen to be clearly 
delineated, thus enabling the surgeon to identify 
mucosal edges, measure the size of the plate, car-
ry out water tight anastomosis and if necessary, 
excise a portion of the stricture and perform dor-
sal re-anastomosis (3, 11). Barbagli et al., in 2005 
published a retrospective study of 50 cases with 
bulbar urethral stricture where buccal mucosa 
graft urethroplasty was done. Grafts were placed 
as ventral, dorsal and lateral onlay in 17, 27 and 
6 patients respectively. After a mean follow-up of 
42 months, placement of graft into ventral, dorsal 
or lateral surface of the bulbar urethra showed si-
milar results (12).

Later in 2008, Barbagli et al. showed that 
the dorsal urethral surface could be easily appro-
ached leaving the bulbospongiosum muscle and 
central tendon of the perineum intact, thus preser-
ving the branches of perineal nerves from surgical 
injury. The bulbospongiosum muscle is primarily 
responsible for ejaculation because of its rhythmic 
contractions with other perineal muscles to expel 
semen from the urethra. It may also have an im-
portant role in expelling urine (8).

Kulkarni et al. published their series of 24 
patients in 2009, wherein they described a new tech-
nique of one-sided anterior dorsal oral mucosal graft 
urethroplasty while preserving the lateral vascular 
supply to the urethra, the central tendon of the peri-
neum, the bulbospongiosum muscle and its perineal 
innervation and showed a success rate of 92%. They 
also reported that the factors such as age, cause of 
stricture, length and prior instrumentation previou-
sly said to have influence on any kind of urethro-
plasty have no effect on the success rate, suggesting 
that other factors (possibly vascular and neurogenic 
injury) may play an important role in determining 
stricture recurrence (9).

In our series of 20 patients overall success 
was 85%, in a mean follow-up of 22.7 months. We 
feel that with a single perineal incision and inva-
gination of the penis, adequate exposure of the 

whole anterior urethra is possible. This approach 
avoids a separate penile skin incision, making it 
more cosmetic and also reduces the chances of de-
velopment of urethrocutaneous fistulas. One-sided 
dissection of the anterior urethra from the corpora 
cavernosa allowed us to visualize the urethral lu-
men with minimal rotation of the urethra. Also, 
placement of a guide wire/urethral catheter in the 
urethral lumen acts as a valuable guide while in-
cising the urethra. We were able to avoid crea-
ting false passages, especially in very narrow or 
scarred portions of the stricture by this maneuver. 
None of the patients on our series had post void 
dribble following the procedure.

All 3 failures occurred in the early days of 
the study period. The patient who developed mea-
tal stenosis had a Lichen sclerosus stricture invol-
ving the external meatus. The dorsal meatotomy 
incision that we used in such cases for laying the 
buccal mucosa on the glans portion of the distal 
urethra was probably of insufficient depth/width. 
He was treated by a simple meatotomy, which was 
sufficient. The cause for stricture at the proximal 
anastomotic site was similarly due to a failure to 
achieve mucosa-to-mucosa approximation of the 
graft and healthy urethra. This was managed by 
DVIU and the patient remained symptom free till 
the end of follow-up period. The patient with re-
current pan-urethral stricture was a chronic to-
bacco chewer and had to quit only 2 months prior 
to surgery. This could have resulted in a sub-opti-
mal buccal mucosa graft.

Scrotal oedema in 3 (17.6%) was mana-
ged conservatively with scrotal support, and oral 
serratiopeptidase twice a day for 3 days. Three 
patients (17.6%) had brownish discharge throu-
gh external meatus that was managed by gen-
tly squeezing the shaft from penoscrotal region 
till the meatus, which subsided in 3 days. This 
discharge was probably the collected blood that 
was retained in urethra during dissection. Two 
patients (10%) had wound infection and they 
were managed by regular dressings. One of these 
patients of wound infection had an urethrocu-
taneous fistula, which presented to us 3 weeks 
after catheter removal. He underwent reinsertion 
of suprapubic catheter & regular dressings. A 
VCUG done 3 weeks later showed resolution of 
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the fistula tract, so the suprapubic catheter was 
removed. These patients of wound infection had 
prolonged hospital stay.

Our results are comparable with those pu-
blished by Kulkarni et al. in 2009, using the same 
technique (9). Limitations of our study are small 
number of patients and a short follow-up period 
of 22.7 months.

CONCLUSIONS

Dorsolateral placement of buccal mucosa 
graft for long anterior strictures is minimally in-
vasive, safe and has good outcomes with short to 
intermediate length of follow-up. Further studies 
on larger series of patients are necessary to con-
firm that preservation of the one-sided lateral vas-
cular supply to the urethra and its entire muscular 
and neurogenic support reduces the incidence of 
stricture recurrence, post void dribble and ejacu-
latory dysfunction.
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Purpose: to investigate whether patients with lichen planus (LP) are really prone to 
urolithiasis or not.
Patients and Methods: We performed a prospective analysis of 40 patients diagnosed 
with lichen planus (LP) (group I), and 40 volunteers did not have LP before (group 
II). Participants were all checked for urolithiasis by radiological investigations. Blood 
samples were analyzed for biochemistry parameters including calcium and uric acid. 
24-h urine samples were analyzed to investigate oxalate, citrate calcium, uric acid, 
magnesium, sodium and creatinine.
Results: Men/women ratio and mean age were similar between group I and II (p>0.05). 
A presence or history of urolithiasis was detected in 8 (20%) and 2 (%5) patients in 
group I and II, respectively (p<0.05). Hypocitraturia was the most common anomaly 
with 35% (n:14) in group I. The rate of hypocitraturia in group II was 12.5% (n:5) and 
the difference was statistically significantly different (p=0.036). In group I, hyperuri-
cosuria and hyperoxaluria followed with rates of 27.5% (n:11) and 25% (n:10), respec-
tively. The rate of hyperuricosuria and hyperoxaluria were both 5% (n:2) in group II 
and the differences were significant (p<0.05). Hyperuricemia was another important 
finding in the patients with LP. It was detected in 13 (32.5%) patients in group I and in 
1 (2.5%) participant in group II (p=0.001).
Conclusion: According to our results, metabolic disorders of urolithiasis were highly 
detected in the patients with LP. However, similar to the etiology of LP, the exact rea-
sons for these metabolic abnormalities in LP remain a mystery.
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INTRODUCTION

Lichen planus (LP) is a common papulos-
quamous inflammatory skin disease, the etiology 
of which is unclear. It is estimated that the disease 
affects 0.5% to 2.0% of the general population. 
The disease is more common in females than males 

and is mostly detected in middle-aged patients 
30-60 years of age (1). The cutaneous lesions are 
flat-topped, polygonal, shiny pinkish-purple pa-
pules and plaques and are faintly erythematous to 
violaceous. The disease is defined as unpredicta-
ble and continues approximately for 1 to 2 years. 
However, it is a chronic disease. It may present 
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with exacerbations or be quiescenct for many ye-
ars. The duration and response to therapy varies 
according to the subtype of the LP (2).

Importantly, some diseases, such as hepa-
titis, anxiety, hypertension, diabetes mellitus or 
urolithiasis, can accompany LP (3-8). According 
to the results of a limited number of articles, uro-
lithiasis is a common disease in patients with LP, 
although its cause and etiology are unknown. It 
was shown that some metabolic disorders asso-
ciated with urolithiasis are more common in LP. 
However, on the other hand, it is not known if 
the LP is the causative factor or result of uroli-
thiasis. Because there is limited literature about 
the association of urolithiasis and LP, we aimed to 
investigate if patients with LP are really prone to 
urolithiasis and if urolithiasis is a concern in this 
population.

MATERIAL AND METHODS

Patients
After obtaining approval of the Institutio-

nal Ethics Committee, we performed a prospective 
analysis of 40 patients diagnosed with LP and 40 
participants without any prior skin disease such as 
LP. We created two groups for our study. Group-I 
was 40 patients with LP. Group-II was the control 
group of 40 volunteers without LP.

Patients with anatomic predisposing fac-
tors to urolithiasis, such as a horseshoe kidney, 
polycystic renal disease, malrotated or ectopic 
kidney, ureteropelvic junction obstruction were 
excluded. Patients with proteinuria, glomerular or 
tubular renal disease, chronic renal insufficiency 
and uncontrolled diabetes mellitus were also ex-
cluded. Volunteers in the control group were re-
cruited from the patients who visited the urology 
or dermatology outpatient clinic for any reason 
and did not exhibit LP or any skin disease at the 
time of enrollment or before.

All the patients gave a detailed history 
including family history of urolithiasis, prior 
urolithiasis history, medications, additional co-
morbidities and dietary habits. The patients were 
all routinely evaluated using a plain abdominal 
X-ray and ultrasonography. Computed tomogra-
phy (CT) or intravenous urography was used for 

patients with non-opaque stones. LP was easily 
diagnosed by clinically visualizing the lesions in 
35 (87.5%) patients. Five (12.5%) patients required 
punch biopsies for the diagnosis.

One (2.5%) individual in the control group 
had a history of urolithiasis, and 1 (2.5%) indivi-
dual had a kidney stone detected that was 2mm 
in diameter. The 24-h urine analysis results of the 
patient and control groups were compared in the 
present study. Spot urine samples were analyzed 
to detect an infection. A metabolic evaluation 
was postponed when a urinary system infection 
or hematuria was detected. Blood samples were 
analyzed for biochemistry parameters including 
calcium and uric acid. Oxalate, citrate, calcium, 
uric acid, magnesium, sodium and creatinine were 
analyzed in the 24-h urine samples.

The normal constituent values of a 24-h 
sample are <300mg/day for calcium; <750mg/
day for uric acid; <44mg/day (man) and <31mg/
day (woman) for oxalate; >320mg/day for citra-
te; <73mg/day for magnesium; <220mg/day for 
sodium; between 600-1600mg/day for creatinine; 
and >1200mL/day for urine volume.

Before the metabolic evaluation, partici-
pants were asked not to change their dietary habits. 
Medications that could affect the urinary excretion 
rates of stone forming substances were stopped at 
least 1 week prior to metabolic evaluation.

Statistical analysis

All statistical analyses were performed 
using SPSS, version 20.0. Statistical significance 
was considered at p<0.05. As a supplementary 
statistic, frequency (percent) for the variables ob-
tained by counting and mean±standard deviation 
and median (minimum and maximum) values for 
the variables obtained by measuring were used. 
A Chi-square analysis was used for the variables 
obtained by counting.

RESULTS

The men/women ratio was approximately 
3/2 in both groups I and II (p>0.05). The mean ages 
were 46.2 years (22-77 years) and 40.8 years (21-71 
years) for groups I and II, respectively (p>0.05).
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Dietary habbits that could affect the results 
(vegetarian, meat-based, too salty, etc.) were not 
detected in the individuals. The presence or his-
tory of urolithiasis was detected in 8 (20%) pa-
tients with LP. A renal calculus smaller than 3mm 
was detected in 2 (5%) of the patients at the time 
of LP presentation. Six (15%) of the patients had a 
history of previous spontaneous calculus passage. 
In the control group (group-II), 1 (2.5%) indivi-
dual had a history of urolithiasis, and a kidney 
stone 2mm in diameter was detected in 1 (2.5%) 
individual. We could not assess any results of the 
patient’s calculus analyses.

A family history of urolithiasis was highly 
detected in group-I. Thirteen (32.5%) individuals 
in group-I and 3 (7.5%) individuals in group-II 
had a family history of urolithiasis (p<0.05).

The additional comorbidities detected in 
groups I and II were hypertension (4 versus 4), 
diabetes mellitus (4 versus 2) and malignancy (0 
versus 1). One patient in group-II had a history of 
a partial nephrectomy due to an exophytic right 
renal mass 2cm in diameter approximately 10 ye-
ars ago. After a curative treatment, no recurrence 
was detected, and his renal function was comple-
tely normal (Table-1).

Hypocitraturia was the most common ano-
maly with 35% (n: 14) in group-I. The rate of hy-
pocitraturia in group-II was 12.5% (n: 5). The di-
fference between the two groups was statistically 
significantly different (p=0.036) (Table-2).

In group-I hyperuricosuria and hyperoxa-
luria followed with rates of 27.5% (n: 11) and 25% 
(n: 10), respectively. The rates of hyperuricosuria 
and hyperoxaluria were both 5% (n: 2) in group-
-II. The differences between the groups were sig-
nificant (p<0.05) (Table-2).

Hypercalciuria was detected in 6 (15%) 
and 7 (17.5%), hypernatriuria in 12 (30%) and 
10 (25%), hypomagnesiuria in 11 (27.5%) and 6 
(15%), and low urine volume in 5 (12.5%) and 6 
(15%) of the individuals in groups I and II, res-
pectively. These findings were statistically similar 
between the patient and control groups (p>0.05).

Hyperuricemia was another important 
finding in patients with LP. It was detected in 13 
(32.5%) patients in group I and in 1 (2.5%) partici-
pant in group-II (p=0.001). Three (7.5%) patient’s 

in group-I and 1 (2.5%) participant in group-II 
had hypercalcemia, which was not significant 
(p>0.05). The metabolic analysis results of the 
groups are detailed in Table-2.

DISCUSSION

Lichen planus (LP) is an inflammatory di-
sease that can occur on the skin, nails, hair or 
mucosal membranes. The incidence of the disease 
is unclear, but it is thought that approximately 1% 
of the general population are effected by the dise-
ase (9, 10). The cutaneous lesions are flat-topped, 
polygonal and shiny pinkish-purple papules and 
plaques. Reticulated whitish punctate networks 
called Wickham striae that can typically be seen 
over most of the papules is a characteristic finding 
of the disease (9, 11). While LP can be diagnosed 
by easily visualizing the lesions, a punch biopsy 
can be required to diagnose LP in some patients.

Although the etiology is unknown, immu-
nologic mechanisms are known to be responsible 
for the formation of the lesions. When the pheno-
type of inflammatory infiltration was investigated, 
increased CD4+ and particularly CD8+ T-cells were 
observed within the epithelium and around the 
damaged basal keratinocytes. Following the anti-
gen recognition that activates the T-cells, cytoki-
nes and chemokines, such as interferon-γ, tumor 
necrosis factor-α, transforming growth factor-β1, 
interleukin-2, interleukin-4 and interleukin-10, 
are released. Severity of the disease is based on the 
balance between the two extremes of lymphocytic 
activation and down regulation (9, 12).

LP can accompany some different illnesses. 
Gavic et al. (8) showed that LP is associated with 
anxiety and depression. However, in contrast, Hi-
rota et al. (13) presented that there was no corre-
lation between anxiety and LP. Some articles have 
investigated the coexistence of LP and hepatitis, 
hypertension, diabetes mellitus and urolithiasis. 
However, the relationship of these diseases were 
not identified (3-7).

Urolithiasis is a common disease that 
effects approximately 11% of the adult popula-
tion. To date, a limited number of studies have 
evaluated the association of urolithiasis and LP (6, 
14-16). Halevy et al. reported the coexistence of 
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Table 1 - The distribution of comorbid conditions, family history of urolithiasis and prior stone history.

Group I Group II All Chi-square test

n % n % n % Chi-square p

Family history of urolithiasis

absent 27 67.5 37 92.5 64 80.0

6.328 0.012existence 13 32.5 3 7.5 16 20.0

all 40 100.0 40 100.0 80 100.0

Prior stone history

absent 34 85.0 39 97.5 73 91.2

Fisher’s Exact 0.108existence 6 15.0 1 2.5 7 8.8

all 40 100.0 40 100.0 80 100.0

The presence or history of 
urolithiasis

absent 32 80.0 38 95.0 70 87.5

2.857 0.091existence 8 20.0 2 5.0 10 12.5

all 40 100.0 40 100.0 80 100.0

Comorbidities

Hypertension

absent 36 90.0 36 90.0 72 90.0

Fisher’s Exact 1existence 4 10.0 4 10.0 8 10.0

all 40 100.0 40 100.0 76 100.0

Diabetes 
Mellitus

absent 36 90.0 38 95.0 74 92.5

Fisher’s Exact 0.675existence 4 10.0 2 5.0 6 7.5

all 40 100.0 40 100.0 76 100.0

Malignancy

absent 40 100.0 39 97.5 79 98.8

Fisher’s Exact 1existence 0 0.0 1 2.5 1 1.2

all 40 100.0 40 100.0 80 100.0

LP and urolithiasis for the first time in 1983 (15) 
From medical records and anamnesis, they found 
that 14.6% of 130 patients with LP had a history 
of urolithiasis. They claimed that this incidence 
was higher than the population of their commu-
nity. In 1990, Halevy and Feuerman evaluated 42 
patients with lichen planus with a biochemical 
analysis and 24-h urine results (16). At least one 
of the abnormalities, including hyperuricemia, 
hyperuricosuria or hypercalciuria, was detected 
in 9 (21%) patients. According to their results, 
they concluded that there could be involvement 
of metabolic disorders in LP. The last article on 
this topic was published by Kumar et al. in 1999 
(6) and included 75 patients with LP and 62 he-
althy individuals. Nine (12%) of those patients 
had a history of urolithiasis. They checked the 
patients for urinary system stones with ultraso-

nography. Three (4%) of the patients had kidney 
stones detected at the time of presentation. They 
used blood samples to analyze biochemical pa-
rameters, including calcium and uric acid, and a 
24 hours urine collection to analyze calcium, uric 
acid, phosphorus, urea and creatinine. Unlike 
previous literature (16), their results were similar 
between the patient and control groups. The au-
thors concluded that the only noticeable result of 
their study was that the serum uric acid and uri-
ne calcium levels and prior history of urolithiasis 
were significantly higher in the patients with LP 
compared to the control group (6). We think an 
important limitation of their study was that they 
did not investigate other lithogenic factors, such 
as urine oxalate, citrate, magnesium or sodium 
levels, which can be considered important risk 
factors for urolithiasis (17).



ibju | Lichen planus and urolithiasis

575

Table 2 - The distribution of metabolic analysis results.

Group I Group II All Chi-square test

n % n % n % Chi-square p

Hypercalciuria

absent 34 85 33 82.5 67 83.75

0.000 1.000existence 6 15 7 17.5 13 16.25

all 40 100.0 40 100.0 80 100.0

Hyperuricosuria

absent 29 72.5 38 95 67 83.75

5.878 0.015existence 11 27.5 2 5 13 16.25

all 40 100.0 40 100.0 80 100.0

Hyperoxaluria

absent 30 75 38 95 68 85

4.804 0.028existence 10 25 2 5 12 15

all 40 100.0 40 100.0 80 100.0

Hypocitraturia

absent 26 65 35 87.5 61 76.25

4.418 0.036existence 14 35 5 12.5 19 23.75

all 40 100.0 40 100.0 76 100.0

Hypomagnesiuria

absent 29 72.5 34 85 63 78.75

1.195 0.274existence 11 27.5 6 15 17 21.25

all 40 100.0 40 100.0 76 100.0

Hypernatriuria

absent 28 70 30 75 58 72.5

0.063 0.802existence 12 30 10 25 22 27.5

all 40 100.0 40 100.0 80 100.0

Low urine volume

absent 35 87.5 34 85 69 86.25

0.000 1.000existence 5 12.5 6 15 11 13.75

all 40 100.0 40 100.0 80 100.0

Hypercalcemia

absent 37 92.5 39 97.5 76 95

Fisher's Exact 0.615existence 3 7.5 1 2.5 4 5

all 40 100.0 40 100.0 80 100.0

Hyperuricemia

absent 27 67.5 39 97.5 66 82.5

10.476 0.001existence 13 32.5 1 2.5 14 17.5

all 40 100 40 100 80 100
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Our results demonstrated a 20% prevalen-
ce of urolithiasis in patients with LP, which can 
be considered similar to previous studies (6, 15). 
In 5% of the patients, a renal calculus at the time 
of presentation was detected. Fifteen percent of 
the patients had a previous history of spontaneous 
calculus passage. In the control group, 5% of the 
participants had urolithiasis or a history of uroli-
thiasis. Although it seems to be high in the patient 
group, it was not statistically significant, perhaps 
due to the low number of the patients (p: 0.09). 
None of the patients had the results of their cal-
culus analyzed.

Hyperuricemia was detected in 32.5%, 
hyperuricosuria in 27.5%, hyperoxaluria in 25%, 
hypocitraturia in 35% of the patients. These fin-
dings were significantly higher than the control 
group (p<0.05).

We hypothesize that the turn-over around 
the lesions could be mainly associated with the 
increased rate of hyperuricosuria and hyperuri-
cemia. The high incidence of hyperoxaluria and 
hypocitraturia was revealed for the first time by 
our study. However, it is unclear why these meta-
bolic abnormalities occur in LP. Although patients 
with LP seem to be prone to urolithiasis due to the 
metabolic disorders mentioned above and have a 
high incidence of a history of urolithiasis, none 
of the patients had a history of staghorn calculus 
or stone surgeries. The 3mm diameter calculuses 
diagnosed at the time of presentation in 2 patients 
were clinically insignificant. On the other hand, 
a history of urolithiasis was mostly experienced 
before the LP disease, which is similar to the lite-
rature (6, 15).

In addition, our results demonstrated a 
high rate of family history of urolithiasis in pa-
tients with LP (32.5% group-I versus 7.5% group-
-II). This finding led us to uncertainty about which 
was the reason and which was the result.

According to our results, the metabolic di-
sorders of urolithiasis were highly detected in the 
patients with LP. However, the main reason for the 
metabolic abnormalities remains a mystery in LP, 
similar to the etiology of LP.

We acknowledge that CT was not routinely 
used to avoid radiation exposure when detecting 
the urinary system stones and was an important 

limitation within our study. However, the study 
was designed as a prospective study. The patients 
were all evaluated using plain abdominal X-ray 
and ultrasonography to avoid radiation exposure. 
A CT was required only in the patients with a his-
tory of non-opaque stones. In addition, we did not 
routinely use punch biopsies to diagnose the dise-
ase. LP is diagnosed by visualizing typical lesions, 
and a punch biopsy is required only in patient’s 
with a suspicious diagnosis. The low number of 
patients could also be considered another limita-
tion of the study. Despite these shortcomings, this 
is an important study because there are limited 
numbers of studies about this topic.

CONCLUSIONS

According to our results, metabolic disor-
ders of urolithiasis were highly detected in the 
patient’s with LP. However, there were no morta-
lity or morbidity consequences of the urolithiasis 
disease to the patient’s. Similar to the etiology of 
LP, the exact reasons for these metabolic abnor-
malities in LP remain a mystery. Further studies 
are necessary to clarify this mystery.
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Purpose: Postoperative urinary retention (POUR) is one of the most common compli-
cations after surgical procedures under spinal anaesthesia. Recent studies have shown 
the beneficial effects of alpha-adrenergic blockers in preventing POUR. The aim of this 
prospective study was to investigate and compare the prophylactic effects of tamsulo-
sin and alfuzosin on POUR after urologic surgical procedures under spinal anaesthesia.
Materials and Methods: A total of 180 males who underwent elective urologic surgery 
were included in this study. The patients were randomly allocated into three Groups. 
The Group I received placebo. Patients in Group II were given 0.4mg of tamsulosin 
orally 14 and 2 hours before surgery. Patients in Group III were given 10mg of alfuzo-
sin ER orally 10 and 2 hours before surgery. All patients were closely followed for 24 
hours postoperatively and their episodes of urinary retentions were recorded.
Results: There were 60 patients in each Group. Their mean age was 35.95±15.16 years. 
Fifteen patients in Group I (25%), 3 patients in Group II (5%) and 4 patients in Group 
III (6.7%) required catheterization because of urinary retention. In tamsulosin group 
and alfuzosin group, there were a significantly lower proportion of patients with POUR 
compared with the placebo Group (p=0.002 and p=0.006). The beneficial effects of ta-
msulosin and alfuzosin on POUR were similar between both Groups (p=0.697).
Conclusion: This study suggests that the use of prophylactic tamsulosin or alfuzosin 
can reduce the incidence of urinary retention and the need for catheterization after 
urologic surgical procedures under spinal anaesthesia.
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INTRODUCTION

Spinal anaesthesia is a common regional 
anaesthesia technique performed by anaesthesiolo-
gists since 1898 (1). It has some complications such 
as hypotension, bradycardia, cardiac arrest, nausea-

-vomiting, transient neurologic problems, headache, 
pruritus and urinary retention (2).

Postoperative urinary retention (POUR) has 
generally been defined as the inability to pass any 
urine in the presence of a percussible or palpa-
ble bladder after surgery, but the definition varies 
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widely. POUR is common and represents betwe-
en 5% to 70% of all surgeries (3). It occurs more 
frequently in lower urinary tract, perineal, in-
guinal, orthopaedic, gynecologic, and anorectal 
surgeries after spinal anaesthesia.

Urethral catheterization, a mainstay of ini-
tial management for patients with POUR, is asso-
ciated with some complications and increases in 
cost of care (3, 4). Both the health and financial 
costs of retention are considerable, because it can 
cause urinary tract infections and necessitate ca-
theterization, which can in turn result in urethral 
strictures, prolonged hospital stays, and additional 
operations. Therefore, pharmacological therapy is 
viewed as an interesting option for patients deve-
loping urinary retention following surgery.

Urinary retention in the postoperative pe-
riod has two main causes. The first is mechanical 
obstruction of lower urinary tract and the second 
is altered neural control of the bladder and detru-
sor mechanism, most commonly due to analgesic 
drugs (5). Additionally, high sympathetic activity 
increases the risk of urinary retention. Therefore, 
inhibition of alpha-adrenergic receptors located 
on the bladder neck and proximal urethra may 
prevent POUR (3). Tamsulosin and alfuzosin are 
safe selective alpha1-adrenergic receptor blockers 
characterized by their favorable side effect profiles 
(6, 7). There is currently little published data on 
the incidence and treatment of urinary retention 
after spinal anaesthesia in urologic surgery proce-
dures. We think that prophylactic effects of alpha-
-blockers on POUR after urologic surgical pro-
cedures under spinal anaesthesia have not been 
investigated adequately.

The aim of the present study was to inves-
tigate the prophylactic effects of tamsulosin and 
alfuzosin on the prevention of urinary retention in 
male patients after spinal anaesthesia in urologic 
surgery procedures.

MATERIALS AND METHODS

From January 2010 through October 2014, 
a total of 180 male patients aged 18 to 69 years 
who underwent elective inguinal, penile, scrotal 
and perineal surgery under spinal anesthesia were 
included in this study. The study was performed 

in accordance with the Declaration of Helsinki 
and approved by the local ethics committee of 
Diyarbakir Training and Research Hospital. All 
patients provided informed consent.

The exclusion criteria were patients who 
had severe lower urinary tract symptoms before 
surgery (according to AUA-American Urological 
Association-symptom score), active urinary tract 
infection, medications that could affect voiding 
function such as alpha-agonists/antagonists and 
cholinergic/anti-cholinergic drugs, urinary incon-
tinency, previous history of lower urinary tract sur-
gery and history of neurological, urological or sys-
temic disease (such as multiple sclerosis, prostate 
cancer, diabetes mellitus).

The patients were submitted to physical 
examination, blood analysis, electrocardiogram, 
chest X-ray, urinalysis, uroflowmetry and ultraso-
nographic investigation (measurement of prostatic 
volume and postvoid residual urine volume). The 
patients were randomly allocated into three Groups. 
In Group I (placebo), the patients were given two 
doses of placebo orally 2 and 12 hours before sur-
gery. The patients in Group II (Tamsulosin) were 
given 0.4mg of tamsulosin orally 14 and 2 hours 
before surgery. The patients in Group III (Alfuzo-
sin) were given 10mg of alfuzosin ER (extended 
release) orally 10 and 2 hours before surgery. The 
whole patients voided before transfer to the ope-
rating area. Ringer’s lactate solution was infused 
at a rate of 10mL/kg/h during surgery and 30mL/
kg/24h after operation. Surgery was performed un-
der spinal anesthesia using 14-20mg bupivacaine. 
The patients were followed for 24 hours postopera-
tively. Nonsteroidal anti-inflammatory drugs were 
ordered for postoperative analgesia. Opioid analge-
sics were not applied to any patient in the posto-
perative period. The diagnosis of POUR was proved 
when the patient had a painful and palpable mass 
in suprapubic area, and was unable to void during 
the first 12 hours after surgery. It was confirmed by 
emptying of more than 500mL of urine by cathe-
terization. A 14-French Foley catheter was placed 
to decompress the bladder of patients who could 
not urinate after surgery. Operation times, patient’s 
age, urinary symptom scores of patients and urina-
ry retentions were recorded and parameters were 
compared among three Groups.
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All statistical evaluations were perfor-
med by the Statistical Package for Social Scien-
ces (SPSS) software for Windows, version 15.0 
(SPSS Inc., Chicago, IL, USA). Statistical analy-
sis was accomplished by use of ANOVA (Analy-
sis of variance), chi-square and Mann-Whitney 
U tests with a p-value of less than 0.05 conside-
red significant.

RESULTS

A total of 180 patients who were assig-
ned to placebo Group (Group I, n=60), tamsulo-
sine Group (Group II, n=60) and alfuzosin Group 
(Group III, n=60) were included in the analysis. In-
guinal surgery (especially varicocelectomy, n=89) 
was the most frequent surgery in all Groups. The 
other types of surgical procedures were hydroce-
lectomy (n=29), spermatocelectomy (n=8), epidi-
dymal cyst excision (n=6), scrotal orchiectomy 
(n=14), inguinal orchiectomy (n=7), orchiopexy 
(n=8), peyronie’s disease and congenital penile 
curvature surgery (n=15), perineal ectopic tes-
tis surgery (n=1), perineal mass surgery (n=1), 
lymphangioma circumscriptum surgery (inguinal 
and perineal, n=2). The mean age of patients was 
35.95±15.16. No statistically significant differen-
ces were found among three Groups in terms of 
age (p=0.819), duration of surgery (p=0.10) and 
severity of preoperative urinary symptom scores 
(p=0.995). In Group one, 15 patients required ca-
theterization with a mean urine volume of 670mL 
at catheterization. In Group two, 3 patients re-
quired catheterization with a 650mL mean urine 
volume. In Group three, 4 patients required ca-
theterization with a 720mL mean urine volume. 
Thus, 25% of patients in Group I, 5% of patients 
in Group II and 6.7% of patients in Group III had 
urinary retention. In tamsulosin Group, there 
was a significantly lower proportion of patients 
with POUR compared with the placebo Group 
(p=0.002). In alfuzosin Group, there was a signi-
ficantly lower proportion of patients with POUR 
compared with the placebo Group, too (p=0.006). 
The beneficial effects of tamsulosin and alfuzosin 
on POUR were similar in both Groups (p=0.697) 
(Table-1). Two patients in tamsulosin Group and 
one patient in alfuzosin Group showed some side 

effects at 24 hours follow-up. All three patient’s 
experienced vomiting and dizziness. Side effects 
were mild and did not lead to exclusion of pa-
tients from the study.

There was no statistically significant di-
fference in age, IPSS (International Prostate 
Symptom Score) and operation time between pa-
tients who developed urinary retention and those 
who did not (Table-2).

DISCUSSION

POUR is a common complication after 
spinal anaesthesia in urologic and other surgical 
procedures. It is a medical emergency requiring 
prompt action. The incidence of urinary reten-
tion after spinal anaesthesia ranges from 0% to 
69% (8). The data on regional anesthesia and its 
effect on POUR is more consistent in other fields. 
Spinal anesthesia has been shown to increase ra-
tes of urinary retention in orthopaedic, podiatric, 
and hernia surgery (9). POUR causes pain and 
discomfort after surgery and catheterization for 
resolving it, may lead to urethral injury or stric-
ture or urinary tract infection and increase cost 
and work load and hospitalization period (10).

Three methods have been used to diag-
nose POUR: History and physical examination, 
ultrasonographic imaging of bladder and blad-
der catheterization (11). We used two practical 
methods for diagnose of POUR: 1-History and 
physical examination (lower abdominal pain and 
discomfort and palpation or percussion of blad-
der in suprapubic area); 2-Bladder catheteriza-
tion. Many studies indicate that urine retention 
can be diagnosed when the patient cannot urina-
te at bladder volumes above 400–600mL (12, 13). 
The average urine volumes were above 500mL 
in all of our patients with POUR. We think that 
diagnosis of POUR by history and physical exa-
mination instead of ultrasonography was one of 
the limitation of this study.

Disturbances of micturition are common 
in the first 24 hours after spinal anesthesia. There 
is a higher frequency of these disturbances after 
bupivacaine than lidocaine spinal anesthesia (2, 
14). After administration of spinal anesthesia 
with bupivacaine or tetracaine, the micturition 
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Table 1 - Clinical features and demographic characteristics of patients in three groups and comparison of all groups 
in term of POUR.

Group I
(Placebo)

Group II
(Tamsulosin)

Group III
(Alfuzosin)

ANOVA F Test (F) or chi-
square test (X2)

p value

Number of patients 60 60 60

Mean age±SD (year) 34.95±15.21
(18-67)

36.30±15.22
(18-69)

36.60±15.26
(18-68)

F=0.200 0.819

Pre-operative urinary X2=0.196 0.995

Symptoms* 37 (61.6%) 38 (63.3%) 39 (65%)

No 16 (26.7%) 15 ( 25%) 15 (25%)

Mild Moderate 7 (11.7%) 7 (11.7%) 6 (10%)

Region of surgery

Inguinal 34 (56.7%) 36 (60%) 34 (56.7%)

Penile 6 (10%) 4 (6.7%) 5 (8.3%)

Scrotal 18 (30%) 19 (31.6%) 20 (33.3%)

Perineal 2 (3.3%) 1 (1.7%) 1 (1.7%)

Mean operation time±SD 
(minute)

48.58±12.69 
(27-78)

52.28±13.34 (29-
85)

53.63±13.72 
(28-84)

F=2.333 0.100

Number of patients with POUR 15(25%) 3(5%) 4(6.7%)

Comparison of Group I and Group II in term of POUR X2=9.412 0.002

Comparison of Group I and Group III in term of POUR X2=7.566 0.006

Comparison of Group II and Group III in term of POUR X2=1.52 0.694

*According to AUA (American Urological Association) symptom score.

Table 2 - Demographic data and clinical features of the all patients who developed POUR and those who did not.

POUR (+) (n=22) POUR (-) (n=158) Z Score p Value

Mean Age±SD (years) 38.86±14.558 35.54±15.243 -1.137 0.256

Mean IPSS±SD 3.23±3.161 2.80±4.638 -1.499 0.134

Mean Operation Time±SD (minute) 49.23±11.467 51.82±13±597 -0.798 0.425

reflex is very rapidly eliminated. Detrusor muscle 
contraction is restored to normal 7-8 hours 
after the spinal injection. On average, patients 
recover enough motor function to be mobilized 
1–2 hours before the micturition reflex returns 
(2). Kamphius et al. found that motor blockade 
following bupivicaine spinals lasted 148±76 
minutes compared to detrusor blockade of 
462±61 minutes (15).

Many factors contribute to the develop-
ment of POUR. These include history of under-
lying disease, the direct effects of anesthetic 
agents on the bladder, excessive perioperative 
fluid intake, traumatic instrumentation, pelvic 
dissection, diminished awareness of bladder sen-
sation, increased outlet resistance, immobilization 
after the surgery, postoperative pain and use of 
narcotics, type of anesthesia, duration of surgery, 
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gender and age (3, 11). The stress response to sur-
gery and especially postoperative pain increase 
sympathetic tone. When ephinephrine is injected 
intraperitoneally in rats, the intravesical pressure 
increases without raising urine output, sugges-
ting that ephinephrine increases internal urethral 
sphincter tone by acting on alpha receptors in 
the bladder neck (16). So, the sympathetic sti-
mulation influence the relaxation of the detru-
sor and close the internal urethral sphincter. The 
resultant stimulation of the alpha receptors in 
the internal urethral sphincter leads to increased 
pressure on the bladder neck and potentially to 
POUR (3). Micturition reflex might be inhibited 
by the high sympathetic activity after surgery. 
Alpha-blocker premedication might have inhibi-
tory effect on the elevated sympathetic activity 
and therefore, prevent acute urinary retention 
after surgery.

Petros and colleagues reviewed 295 in-
guinal herniorrhaphies in men. They found use 
of spinal anesthesia, age less than 53 years, and 
perioperative fluid less than 1200mL all signifi-
cantly reduced the incidence of POUR (17). Lee 
and colleagues declared that POUR increases 
with age, with the risk increasing by 2.4 to 2.8 
times in patients over 50 years of age (18). Al-
though some studies have reported higher inci-
dence of POUR in men compared with women, 
some studies have reported that there isn’t sig-
nificant difference between men and women (3, 
19). In our study, only men were included due to 
type of surgeries and limited number of female 
patients. The other limitation of our study was 
that we did not record perioperative fluid intakes 
of the patient’s.

There are various methods for prevention 
of POUR, such as induction of local instead of 
regional or general anesthesia, restriction of pre-
operative fluid intake, use of short acting anes-
thesia agent, early ambulation of patient’s after 
surgery, use of warm compress in suprapubic area 
and use of parasympathomimetic or α-adrenergic 
blockers (3, 4). In a review article published in 
2010 to investigate the most effective drug for 
the treatment of POUR in adults, the authors 
concluded that no statistically significant asso-
ciations were reported between successful treat-

ment or any other outcome and alpha-blockers, 
cholinergic agents and sedatives as monothera-
pies. A statistically significant association betwe-
en intravesically administered prostaglandin and 
successful voiding was detected. A statistically 
significant association was detected between 
cholinergic agents combined with sedative and 
an improved likelihood of spontaneous voiding 
compared with placebo (20).

The purpose of pharmacologic preven-
tion of POUR is the increase of detrusor con-
tractility or bladder neck and proximal ure-
thral relaxation. Alpha-adrenergic receptors are 
found in trigone, prostatic urethra and ureters. 
These receptors cause contraction of the smooth 
muscles in these regions (21). Alpha-adrenergic 
blockers decrease bladder outlet resistance and 
facilitate micturation. Several studies found 
that prophylactic administration of alpha-blo-
ckers such as phenoxybenzamine and prazosin 
significantly decreases the incidence of POUR 
(10). Although all alpha-blocking compounds 
show similar levels of efficacy for lower urina-
ry tract symptoms treatment, third generation 
alpha-blockers such as alfuzosin and tamsulosin 
tend to demonstrate improved selectivity for the 
prostate and bladder (22). Another advantage of 
tamsulosin and alfuzosin in the management of 
acute urinary retention is that a therapeutic dose 
can be administered at the onset of acute urina-
ry retention (23). The mean time to peak serum 
concentration (Tmax) of alfuzosin and tamsulo-
sin are 8 hours and 4-5 hours after an oral dose, 
respectively. Alfuzosin and tamsulosin have a 
serum half-life (T1/2) of 5 hours and 14-15 hours 
after oral administration, respectively (24). Ma-
dani et al. assessed preventive effect of tamsu-
losin on POUR after spinal anesthesia. In this 
randomized study, 118 patients received 0.4mg 
tamsulosin 14 and 2 hours before and 10 hours 
after surgery and 114 patients received placebo. 
They concluded perioperative administration 
of tamsulosin reduced the risk of POUR from 
21.1% to 5.9% (10). In our study, tamsulosin 
0.4mg were given orally 14 and 2 hours before 
surgery and alfuzosin 10mg were given orally 
10 and 2 hours before surgery. The effectiveness 
of both of them on POUR had equal degree.
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In the present study, 15 of 60 patients 
(25%) in the placebo Group had urinary retention. 
3 of 60 patients (5%) in the tamsulosin Group and 
4 of 60 patients (6.7%) in the alfuzosin Group had 
urinary retention and required catheterization. 
The incidence of POUR was significantly greater 
in men who did not receive tamsulosin or 
alfuzosin before surgery. The beneficial effects of 
tamsulosin and alfuzosin on POUR were similar.

CONCLUSIONS

This study suggests that preoperative ta-
msulosin or alfuzosin administration reduces the 
incidence of postoperative urinary retention and 
the need for catheterization after surgeries under 
spinal anaesthesia. Therefore, the use of preope-
rative tamsulosin or alfuzosin can be recommen-
ded in adult male patients who will undergo uro-
logic surgery under spinal anaesthesia.
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Host inflammatory response to polypropylene implants: 
insights from a quantitative immunohistochemical and 
birefringence analysis in a rat subcutaneous model
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Objectives: To describe acute and sub acute aspects of histological and immunohistoche-
mical response to PP implant in a rat subcutaneous model based on objective methods.
Materials and Methods: Thirty rats had a PP mesh subcutaneously implanted and the 
same dissection on the other side of abdomen but without mesh (sham). The animals 
were euthanized after 4 and 30 days. Six slides were prepared using the tissue remo-
ved: one stained with hematoxylin-eosin (inflammation assessment); one unstained 
(birefringence evaluation) and four slides for immunohistochemical processing: IL-1 
and TNF-α (pro-inflammatory cytokines), MMP-2 (collagen metabolism) and CD-31 
(angiogenesis). The area of inflammation, the birefringence index, the area of immu-
noreactivity and the number of vessels were objectively measured.
Results: A larger area of inflammatory reaction was observed in PP compared to sham 
on the 4th and on the 30th day (p=0.0002). After 4 days, PP presented higher TNF 
(p=0.0001) immunoreactivity than sham and no differences were observed in MMP-
2 (p=0.06) and IL-1 (p=0.08). After 30 days, a reduction of IL-1 (p=0.010) and TNF 
(p=0.016) for PP and of IL-1 (p=0.010) for sham were observed. Moreover, area of 
MMP-2 immunoreactivity decreased over time for PP group (p=0.018). Birefringence 
index and vessel counting showed no differences between PP and sham (p=0.27 and 
p=0.58, respectively).
Conclusions: The implantation of monofilament and macroporous polypropylene in 
the subcutaneous of rats resulted in increased inflammatory activity and higher TNF 
production in the early post implant phase. After 30 days, PP has similar cytokines 
immunoreactivity, vessel density and extracellular matrix organization.
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graft versus host reaction, 
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INTRODUCTION

Since the introduction of synthetic mesh im-
plants for tissue reinforcement, surgical treatment 
of urinary incontinence pelvic floor prolapse has 
changed. Success rates have increased and became 

long lasting, however, harmful events related to bio-
materials integration have been observed, even for 
organic or synthetic meshes (1-4). Adverse reactions 
related to synthetic mesh implants include chronic 
pain, dyspareunia, urinary or vaginal erosion of the 
mesh as well as lower urinary tract symptoms (5, 6).

Vol. 42 (3): 585-593, May - June, 2016

doi: 10.1590/S1677-5538.IBJU.2015.0289



ibju | Objective analysis of polypropylene implants

586

Polypropylene (PP) is currently the most 
common material used in pelvic floor reconstruc-
tive surgery and stress urinary incontinence tre-
atment. It is a hydrophobic and non-hydrolyzable 
polymer derived from oil refining. Sterilization is 
undertaken by either heat or radiation thus pro-
moting molecular structural changes of the ori-
ginal polymer. Therefore, the biological response 
is not only a consequence of the contact between 
host and polymer, but is also a result of chemi-
cal changes in the preparation process (7). Several 
mechanical and histological characteristics se-
condary to PP implants in living organisms have 
been demonstrated (8-10). Most of the histological 
and immunohistochemical evaluations are based 
on the description of cellular types and/or semi-
-quantitative measurements of their distribution 
in randomized samples (11, 12). There is no stan-
dard way to study these implants. It should inclu-
de objective, reliable and reproducible techniques 
that consider histological, cellular, molecular and 
even genetic aspects of this host response.

The aim of the present study was to des-
cribe acute and sub-acute aspects of histological 
and immunohistochemical response to PP implant 
in a rat subcutaneous model based on objective 
quantification methods.

MATERIALS AND METHODS

The study followed the ethical principles for 
animal experiments adopted by the Brazilian Colle-
ge of Animal Experiments and was carried out after 
approval by the Ethics Committee for Animal Expe-
riments of the Institute of Biology of the University 
of Campinas, Brazil (protocol 2400-1).

The mesh used in this study is made of 
monofilament type I polypropylene with an origi-
nal weight: 44g/m2 and pores of 1mm and was the 
same as that included in NAZCA TCTM and Calistar 
ATM sets (Promedon™-Cordoba, Argentina), cur-
rently commercially available. Meshes were pro-
vided by the company in single sterilized packs 
and were sterilized using ethylene oxide.

Surgical procedure and tissue preparation
Thirty female, eight week old Wistar rats, 

weighing between 150 and 200g, received on 

one side of their abdominal wall an implant of a 
10x10mm monofilament PP mesh.

After anesthesia with sodium pentobarbi-
tal 3% (0.15mg/g), a 2-cm cross-sectional inci-
sion was made in the lower abdominal region. The 
mesh was implanted in the animal in a standar-
dized manner on one side of the abdominal wall 
between the hypodermis and the anterior fascia of 
the abdominal musculature. A similar dissection 
was then carried out on the other abdominal side 
but without mesh implant (sham). The animals 
were divided into two groups of 15 animals which 
were euthanized on the 4th and the 30th day after 
mesh implantation with a lethal dose of sodium 
pentobarbital 3%.

The whole abdominal wall was immedia-
tely removed for analysis and the sham areas and 
those with the implants were fixed (formalin 10% 
for 24 hours). Three consecutive sections of 5μm 
thickness were then placed on each of six slides; 
one stained slide with hematoxylin-eosin for op-
tical microscopy (inflammation assessment); one 
unstained slide for polarization microscopy analy-
sis (collagen fibers birefringence evaluation) and 
four slides for immunohistochemical processing 
with the following antibodies: anti-CD-31 (angio-
genesis), anti-interleukin 1(anti-IL-1) and anti-
-tumor necrosis factor (anti-TNF-α) (inflammation 
and cytotoxicity) and anti-metalloproteinasis-2 
(anti-MMP-2) (collagen metabolism).

Histologic evaluation
Inflammatory reaction (hematoxylin-eosin 

staining) was studied on the 4th and 30th days post 
implant. The same researcher analyzed all slides, 
although he had not had knowledge of what ani-
mal or fragment was evaluating. On each slide, 
three photomicrograms (200x magnification) of 
the implant site were recorded. Axio Vision™ V 
4.8.0.0 software (Karl Zeiss, Jena, Germany) was 
used to select and measure the areas of inflamma-
tory reaction around the polypropylene filaments, 
as showed in Figure-1.

Birefringence analysis
The analysis of the direction and packing 

of collagen fibers was performed by polarizing mi-
croscopy, but only for those animals euthanized at 
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30 days due to the time necessary for the growth 
of the host collagen fi bers. In each selected image 
(200x magnifi cation), two records were obtained 
by rotating the microscope stage at approximately 
45º in each fi eld, to obtain the maximum polari-
zation effect (called positions A and B), in order to 
demonstrate the group of fi bers with the same or 
opposite orientation (Figure-2).

A ratio was calculated using the percent 
area of fi bers from the same fi eld, identifi ed as bire-
fringence index. This was obtained by dividing the 
percent birefringent area measured in the position 
A by the percent birefringent area measured in the 

position B (index A/B). Low ratios, close to 1 (one), 
indicate fi bers with a similar birefringence in the 
two positions, refl ecting a disorderly orientation. 
Therefore, the higher the index A/B, the higher the 
organization of collagen fi bers in the same direc-
tion. The intensity of brightness (pixel/μm2) emitted 
by collagen fi bers was also evaluated, in order to 
estimate collagen density and packing.

Immunohistochemical analysis
Tissue specimens fi xed in 10% forma-

lin and embedded in paraffi n were sectioned 
and placed on silanized slides. After initial 

figure 1 - Evaluation of the infl ammatory reaction. (A) Infl ammatory tissue around the pp fi laments (rounded blank areas-*)-
hE/100x; (B) Blue marks represent infl ammatory reaction after processing by Axiovision software™-hE/100x

figure 2 - Evaluation of collagen fi bers birefringence in polarization microscopy. (A) The collagen fi bers bright on the dark 
background. (B) The same area after 45o rotation of the polarization microscope stage. white arrow indicates the same fi ber 
package in opposite arrangement (200x).

A

A

B

B
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processing, sections were incubated at room 
temperature for 30 min and then overnight 
at 8ºC with mouse monoclonal antibodies to 
CD31 (clone JC/70A, ab 9498, Abcam™, di-
luted 1/100) and polyclonal antibodies to IL-1 
(ab106035, Abcam™,diluted 1/1000), TNF Re-
ceptor I (ab19139, Abcam™,diluted 1/1000) and 
MMP2 (ab37150, Abcam™,diluted 1/250). All an-
tibodies were diluted with Dako Antibody Dilu-
ent (S3022, Dako™). Antigen-antibody binding 
was detected using the Advance system (K4068, 
AdvanceHPR, Dako™), and immunostaining was 
achieved using diaminobenzidine (K3468, Liquid 
DAB+substrate Dako™). Internal positive con-
trols, as well as positive cases were previously 
used. Negative controls were represented by the 
same tissue sample used for positive control, in 
which the primary antibody was omitted.

The immunohistochemical analysis was car-
ried out using specifi c antibodies to evaluate: (a) 
pro-infl ammatory cytokines (interleukin-1–IL-1 
and tumour necrosis factor-alpha-TNF-α); (b) colla-
gen metabolism (metalloproteinase 2-MMP-2) and 
(c) angiogenesis (surface antigen CD-31).

A Primo StarTM Zeiss microscope (Carl Zeiss 
Microscopy, Jena, Germany) was used for histologi-
cal evaluation. The entire slide was scanned using a 
200x magnifi cation (400x for vessel density), and 
three fi elds for each slide were randomly selected for 
subsequent image acquisition using a Zeiss Axio-

Cam camera ICC1TM. Objective analysis of immuno-
reaction (percentage area of immunoreactivity and 
vessel density) was carried out with AxioVision V 
4.8.0.0 Software Microscope (Karl Zeiss-Germany) 
(Figure-3).

statistical Tests

The Kruskal-Wallis test was performed for 
comparisons between periods and the Wilcoxon 
test for comparisons between groups. For repeated 
measures the ANOVA was used for comparisons of 
groups and periods. A 5% signifi cance level was 
adopted for all statistical tests (p<0.05).

REsuLTs

All rats survived and no complications 
were observed during the post implant period. In 
addition, no dehiscence or mesh exposure at the 
implant site was observed.

Histological analysis
Histological analysis of implantation site 

showed an expected pattern of acute infl ammatory 
reaction at four days based on macrophages and 
polymorphonuclear infi ltrate with few fi broblasts 
and edema. However, on the 30th day post implant, 
a foreign body reaction based on histiocytes and 
giant cells was the predominant pattern around 

figure 3 - Example of MMp2 immunoreactivity in an implant sample. Blank rounded area indicates the pp fi lament. (A) 
Before software selection. (B) After selection, note MMp2 immunoreactivity colored in blue (200x).

A B
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the PP filaments, combined with many fibroblasts 
with intense production of collagen resulting in a 
compact tissue. A larger area of inflammatory re-
action was observed in the PP group compared to 
sham on the 4th and also on the 30th day (11.36% 
(PP) x 5.19% (sham) and 11.06% (PP) x 5.73% 
(sham) for 4 and 30 days respectively, p=0.0002) 
but no differences were observed when comparing 
the different times (4 and 30 days) in each one 
(sham and PP groups) (Table-1).

Birefringence analysis
The analysis of the organization of colla-

gen fibers, represented by the birefringence index 
(index A/B), showed no differences between PP 
and sham (1.29 (PP) x 1.43 (sham), p=0.27). The 
collagen density (which estimates the intensity of 
tissue compaction) also showed no differences be-
tween the groups after 30 days post implantation 
(Table-2) (Figure-2).

IL-1
A reduction of IL-1 immunoreactivity was 

observed after 30 days post implant when compa-
red with 4 days for both groups (50.07% (4 days) 
x 25.66% (30 days) and 32.36% (4 days) x 27.09% 

(30days), for PP and sham respectively, p=0.010) 
(Figure-4). On the 4th day, PP presented a slightly 
higher but not significant level of IL-1 immunore-
activity than the sham (p=0.08).

TNF-α
A higher TNF-α immunoreactivity in PP 

group was observed when compared with sham 
on the 4th day (56.42% (PP) x 31.98% (sham), 
p<0.0001). Comparing the features on the 4th and 
the 30th day for each group, there was a simi-
lar TNF-α immunoreactivity over time in sham 
group and it was observed a reduction over time 
in PP group (56.42% (4 days) x 40.65% (30days), 
p=0.0161) (Table-3).

MMP-2
PP group presented a higher MMP-2 im-

munoreactivity after 4 days compared to 30 days 
while sham presented similar levels over time 
(55.19% (4 days) x 29.98% (30 days), p=0.018) 
(Table-3). Sham presented higher MMP-2 immu-
noreactivity on the 30th day (31.65% (4 days) x 
44.57% (30 days), p=0.024) however no difference 
was observed in comparison to PP group on the 
4th day (p=0.066).

Table 1 - Inflammatory reaction (mean percent area).

PP (SD) Sham (SD)

4 days* 11.36 (6.94) 5.19 (1.68)

30 days* 11.06 (6.85) 5.73 (1.97)

*p = 0.0002 (sham x pp)
SD = Standard deviation

Table 2 - Birefringence analysis of collagen fibers.

Position A Position B Index A/B

PP
(SD)

Sham
(SD)

p PP
(SD)

Sham
(SD)

p PP
(SD)

Sham
(SD)

p

Collagen fibers area
(mean percent area)

8.37
(5.32)

10.65
(4.63)

0.24 7.78
(5.18)

11.60
(7.67)

0.24 1.29
(0.24)

1.43
(0.33)

0.27

Collagen density
(mean pixel/μm2)

73.58
(48.32)

48.37
(4.42)

1 79.15
(56.35)

50.44
(5.17)

0.73 - -

SD = Standard deviation
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CD-31
There were no differences in the average 

number of vessels per fi eld between PP and sham 
at 30 days (19.64 (PP) x 16.54 (sham), p=0.587) 
(Table-3).

DIsCussIOn

In addition to this study, several others, 
albeit using different methods, have described 
histological and molecular changes after the im-
plantation of biomaterials, in particular, polypro-
pylene (8, 9, 11, 13). An infl ammatory response to 
macroporous monofi lament PP was demonstrated 
in explanted meshes from humans one year after 

implantation and it was observed that this material 
had little long-term infl uence on the extracellular 
matrix composition, represented by the fraction 
of collagen and elastin in the tissue. However, 
consistent high concentrations of mast cells and 
macrophages were observed, which may suggest 
the perpetuation of a mild infl ammatory foreign 
body reaction (14). Vandervord et al. implanted 
four types of biological meshes in subcutaneous 
of mice and found that, after a period of 12 weeks, 
the swine intestinal submucosa (SIS) presented a 
more effective integration represented by a signi-
fi cantly thicker infl ammatory capsule with incre-
ased angiogenesis. The authors concluded that the 
control of infl ammatory reaction and angiogene-

Table 3 - Immunohistochemistry analysis of angiogenesis, infl ammation and collagen metabolism.

IL-1* TNF* MMP-2* CD-31**

PP
(SD)

SHAM
(SD)

p PP
(SD)

SHAM
(SD)

P PP
(SD)

SHAM
(SD)

p PP
(SD)

SHAM
(SD)

4 days 50.07
(13.47)

32.36
(20.31)

0.08 56.42
(7.61)

31.98
(11.92)

<0.0001 54.19
(25.24)

31.65
(9.07)

0.066 N/A N/A

30 days 25.66
(14.41)

27.09
(18.84)

0.08 40.65
(15.49)

34.39
(11.92)

0.420 29.98
(14.77)

44.57
(14.53)

0.024 19.64
(9.43)

16.54
(7.94)

p 0.010 0.010 0.0161 0.523 0.018 0.058 PP x SHAM 0.587

*Mean percentage of the area marked by the antibody relative to the fi eld** Average number of vessels per fi eld
sD = Standard deviation

figure 4 - Example of Il-1 immunoreactivity (Brown area) after 4 days (A) and 30 days (B)–(200x). note a higher brown intensity 
and extension in A.
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sis are the basis for effective tissue integration of 
the implant (15). In this present study, inflamma-
tory reaction, elicited by PP implant, although hi-
gher than sham, did not differ significantly over 
time. Moreover, both groups presented a similar 
number of vessels after 30 days.

The impact of changes on the weight of 
the PP mesh and its combination with polyglactin 
in the inflammatory reaction were tested in a ma-
crophage culture. In spite of demonstrating higher 
apoptosis levels than those of sham, no differen-
ces in the apoptosis index were found between the 
meshes. Furthermore, a higher rate of cell prolife-
ration in mesh samples was observed than in those 
of sham (16). The present study, using histological 
samples, also found a higher cell proliferation rate 
(higher inflammatory reaction area) in PP group 
than sham. These findings, as well as others in 
vivo (17) and in vitro (18), suggest that mesh com-
position in addition to its surface features might 
be as important (or even more important) than its 
weight as a foreign body reaction drive.

Comparing PP and xenogeneic dermal 
collagen meshes, Zheng et al. found that the 
production of anti-inflammatory cytokines af-
ter the PP implant, such as interleukin-10 (IL-10) 
and tumor growth factor (TGF), was lower than 
the collagen group. An increased release of pro-
-inflammatory cytokines was also identified, 
such as interferon (IFN) and tumor necrosis factor 
(TNF-α) in PP meshes after the first week of im-
plant, followed by a marked reduction over time 
and reaching the basal levels after thirty days (19). 
Moreover, when compared with sham (surgery wi-
thout mesh), PP expressed a higher TNF-α level 
24 hours after implantation (20). In the present 
study, a similar behaviour was observed in respect 
to pro-inflammatory cytokines (IL-1 and TNF-α) 
in the PP group. This may explain an increased 
inflammatory reaction area observed in the PP 
group. In another study, human blood samples 
showed a significant, although heterogeneous, in-
crease of TNF levels after contact with PP meshes. 
Therefore, personal differences in TNF expression 
among patients may explain why women who 
undergo a surgical procedure under similar con-
ditions can present different outcomes, such as a 
higher incidence and severity of mesh integration 

defects (21).
A reduced collagen deposition was obser-

ved 21 days after subcutaneous PP implantation 
in TNF-knockout rats when compared to control 
(22). This finding is consistent with the larger cap-
sule thickness observed in the present study after 
PP implantation compared to sham, since the in-
creased production of TNF may rise the prolifera-
tion and activation of fibroblasts and thus aug-
ment the collagen deposition (22, 23). Wu et al. 
analysed the MMP-2 gene activity and identified 
a higher gene expression in fibroblasts in contact 
with the mesh when compared with that found in 
the tissues far from the implant. According to the-
se authors, at the beginning of the inflammatory 
process, remodelling of the extracellular matrix is 
essential for the migration and activation of in-
flammatory cells (24). Therefore, the production 
of matrix metalloproteinases (MMPs) by fibro-
blasts is an indicator of early inflammatory acti-
vity. During the implant integration, MMPs seem 
to be important in the tissue remodelling process 
as well as in the permanent mild foreign body re-
action elicited by the presence of a no absorbable 
implant (24, 25). During the integration process, a 
progressive reduction in MMP-2 activity is gene-
rally expected in the same proportion as the body’s 
adaptation to the biomaterial. This was the case in 
the present study. A higher MMP-2 immunoreac-
tivity was observed in the tissue around the mesh 
filaments after 4 days when compared to 30 days 
of implantation. Furthermore, the PP presented a 
lower MMP-2 immunoreactivity than sham at 30 
days, which may indicate a trend of acceleration 
of the extracellular matrix remodelling.

The variety and concentration of cytoki-
nes, cells and collagen fibers at the surgical site 
during the healing process determines which type 
of scar tissue will emerge in the implant area. A 
previous study has shown that the amount and 
organization of extracellular tissue can establish 
relationship between the scar pattern around the 
implant and its biomechanical properties, as ten-
sile strength and stiffness (8). In the present study, 
we proposed the use of the birefringence index 
for the assessment of the organization of colla-
gen fibers. Birefringence is an important property 
of some synthetic and natural macromolecules. In 
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the field of cell biology, birefringence is an im-
portant and reliable instrument for the analysis of 
collagen supra molecular properties (26). No di-
fferences in birefringence index between PP and 
sham were found. The collagen density analysis, 
which indicates tissue compression, also showed 
no difference between the groups 30 days after 
implantation. Therefore, in the present study, the 
PP elicited a similar quality and organization of 
extracellular matrix and did not stimulate an over 
production of collagen tissue in comparison to 
the regular healing process. In another sham-con-
trolled study of subcutaneous implanted collagen 
coated versus uncoated PP meshes, the authors, 
although using semi quantitative methods, also 
observed a higher fibroplasia and no differences 
in angiogenesis or collagen fiber organization 
were observed between sham and PP (12).

Pierce et al. implanted meshes (PP and 
swine dermis) in the abdomen and vagina of rab-
bits and found that vaginal tissues demonstrated 
higher rates of inflammation; higher neovascula-
rization but lower fibroblast proliferation than the 
abdomen independent of which mesh was being 
studied. Moreover, the same proportional differen-
ce between meshes was found in the vagina and 
the abdomen (27).

Despite advances in the understanding of 
the molecular process and histological response 
to mesh implant, their clinical translation requi-
res further evidence. Rechberger et al. measured 
cytokines in the blood of patients undergoing 
sling surgery and found no differences between 
patients with or without mesh vaginal exposure 
during the follow-up. Only IFN, measured preo-
peratively, was higher among patients with expo-
sed meshes. Therefore, the authors suggested that 
some blood tests could be used as complication 
predictors (28).

The upside of this study was to confirm 
previous data regarding the histological and mo-
lecular pattern of biological response to PP, ba-
sed on objective and original methods for quan-
titative measurements (15). There are, however, 
downsides, since the methods did not allow the 
differentiation of cell types in each phase of the 
inflammatory process or the consideration of the 

long term aspects since the last measurement oc-
curred at 30th day. Moreover, we did not comple-
tely avoid a systemic bias once we have used the 
same animal to both groups (sham and implant). 
There is also a lack of quantitative measurement 
of anti-inflammatory cytokines or an evaluation 
of mesh shrinkage or contraction and its relations 
with the inflammatory reaction that should be ad-
ded in future studies.

CONCLUSIONS

The implantation of monofilament and 
macroporous polypropylene in the subcutaneous 
of rats resulted in increased inflammatory activity 
and higher TNF production in the early post im-
plant phase. After 30 days, PP has similar cytoki-
nes immunoreactivity, vessel density and extra-
cellular matrix organization, in addition to lower 
MMP-2 expression than sham. The evaluation of 
inflammatory reaction after mesh implant should 
be based on objective standardized methods.
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

The co-occurrence of multiple pathologies in the pelvic viscera in the same patient, 
such as, irritable bowel syndrome and interstitial cystitis, indicates the complexity of 
viscero-visceral interactions and the necessity to study these interactions under mul-
tiple pathological conditions. In the present study, the effect of distal colon irritation 
(DCI) on the urinary bladder interaction with distal esophagus distention (DED), distal 
colon distention (DCD), and electrical stimulation of the abdominal branches of vagus 
nerve (abd-vagus) were investigated using cystometry parameters. The DCI significantly 
decreased the intercontraction time (ICT) by decreasing the storage time (ST); none-
theless, DED and Abd-vagus were still able to significantly decrease the ICT and ST 
following DCI. However, DCD had no effect on ICT following the DCI. The DCI, also, 
significantly decreased the Intravesical pressure amplitude (P-amplitude) by increasing 
the resting pressure (RP). Although DED has no effect on the P-amplitude, both in the 
intact and the irritated animals, the abd-vagus significantly increased the P-amplitude 
following DCI by increasing the maximum pressure (MP). In the contrary, 3mL DCD 
significantly increased the P-amplitude by increasing the MP and lost that effect follo-
wing the DCI. Concerning the pressure threshold (PT), none of the stimuli had any 
significant changes in the intact animals. However, DCI significantly decreased the PT, 
also, the abd-vagus and 3mL DCD significantly decreased the PT. The results of this 
study indicate that chemical irritation of colon complicates the effects of mechanical 
irritation of esophagus and colon on urinary bladder function.
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INTRODUCTION

Due to viscero-visceral interactions, 
many inflammatory conditions have manifes-
tations affecting not only the pathological or-
gan but extends onto other viscera within the 
same vicinity or even further away. The spread 
of the symptoms onto other viscera complica-
tes the pathological condition and make it more 
difficult to diagnose and manage. For example, 
chronic pelvic pain could be attributed to many 

conditions affecting urinary bladder/intersti-
tial cystitis, gastrointestinal tract/irritable bo-
wel syndrome, prostate gland/prostatitis or any 
other pelvic organ pathology (1).

Urinary bladder function can be affected 
by stimuli from other viscera. For example, co-
lon inflammation in rats was shown to increase 
urinary bladder frequency (2). In addition, eso-
phagus distention and electrical stimulation of 
vagus nerve, in rats, increased urinary bladder 
contraction frequency (3). In humans, patients 
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with irritable bowel syndrome showed symp-
toms of urinary bladder dysfunction, such as, 
an increase in urination frequency, as well as 
an increase in residual volume (4). Moreover, 
patients with interstitial cystitis showed higher 
incidence of irritable bowel syndrome and other 
systemic diseases compared to controls (5).

The complexity of the viscero-visceral 
interactions requires the study of these interac-
tions under different pathological conditions. 
Most studies were designed to show the simple 
viscero-visceral interaction between viscera or 
the direct effect of a pathological condition of 
one viscera on the function of another; howe-
ver, it is rare to find a study on how a patho-
logical condition of one viscera can affect the 
viscero-visceral interaction of other viscera. In 
the present study, the influence of distal colon 
chemical irritation on the interaction of urinary 
bladder with distal colon and distal esophagus 
distentions was investigated.

MATERIALS AND METHODS

Animals
Eighteen male Wistar rats (300-350g) 

were used in the present study. Ten of the-
se animals had distal colon irritation and the 
other eight animals remained intact. Animals 
were purchased and housed under standard 
conditions in the animal house at The Hashe-
mite University. All experimental methods were 
approved by the Hashemite University Institu-
tional Board and Animal Ethical Committee, 
which meet the requirements of the National 
Institute of Health (NIH, USA) guide for the use 
and care of laboratory animals.

Methods
At the day of experiment, each rat was 

anesthetized with urethane (1.2g/kg of 50% 
urethane in water); the anesthetic solution was 
divided into two halves, of which, one half was 
administered intraperitoneally and the other 
was given subcutaneously (6). Urethane was 
obtained from Sigma (St. Louis, Missouri, USA). 
The carotid artery and jugular vein at the left 
side were cannulated, in each animal, for blood 

pressure monitoring and anesthetic supplemen-
tation, respectively.

Continuous cystometry
An abdominal incision was made, in each 

animal, in order to expose the urinary bladder and 
ureters. A 20-gauge needle was introduced into the 
dome of the urinary bladder and connected to a 
programmable pump (AL-1000; World Precision 
Instrument, Sarasota, FL). Cystometry was done by 
bumping normal saline at a rate of 0.25mL/min to 
the urinary bladder. Intravesical pressure was mo-
nitored using a pressure monitor (BP-1; World Pre-
cision Instrument, Sarasota, FL) that was connected 
to the needle through a pressure transducer. The 
temperature and hydration of the urinary bladder 
were preserved throughout the experiment by sur-
rounding the urinary bladder with cotton pallets 
that were soaked in a warm normal saline. The ure-
ters were tied proximal to the urinary bladder, then 
ureters were cut and drained distal to it.

Distal colon distention
Distal colon distention was done by a 10mm 

long balloon, which was made from latex material 
and attached to a 25GX¾” catheter (7). The colon 
balloon was inserted about 10cm from the anus and 
was taped to the base of the tale to prevent move-
ment. Colon balloon was connected to a 3mL syrin-
ge filled with normal saline. Distal colon distention 
was done manually by infusing the balloon with 
three increasing increments of normal saline (1mL, 
2mL, and then 3mL). Last increment (3mL) produ-
ced greater-than or equal to 70mm Hg pressure, 
which is reported to be a noxious stimulus (8, 9).

Distal esophagus distention
Distal esophagus distention was done by 

balloon, similar to the distal colon balloon. The 
esophagus balloon was inserted about 7cm from 
the upper incisors, intra-orally, to the distal eso-
phagus (10). The balloon was connected to 1mL 
syringe. Esophagus distention was done by infu-
sing the balloon with 0.5mL normal saline.

Vagus nerve stimulation
The abdominal branches of the vagus ner-

ve were stimulated, at the level of the esophageal 
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opening of the diaphragm, using digital stimulator 
(PG 4000 A; Cygnus Technology, Inc., Delaware Wa-
ter Gap, PA) and isolated using isolated current sour-
ce (SIU 91; Cygnus Technology, Inc., Delaware Water 
Gap, PA) with isolation. The stimulation was done 
indirectly through the esophageal wall using a bipo-
lar electrode that was introduced orally down to the 
esophagus. The stimulation was conducted at fre-
quency of 1 train/sec with 100msec train duration. 
Each train was composed of 14 pulses (at 70pulses/
sec). Each pulse intensity was set at 8mA with 2msec 
duration (11). This stimulus produced compound ac-
tion potentials, which were recorded from the vagus 
nerve in the cervical region (12).

Distal colon irritation
Ten rats had distal colon chemical irrita-

tion. Chemical irritation of the distal colon was 
done in the anesthetized animals by infusing 1mL 
of 2% acetic acid into the distal colon through a 
catheter (comprised of PE 60 tubing attached to a 
syringe). A cotton pallet was attached to the dis-
tal end of the catheter by fixing part of it to the 
distal end of the catheter tub, while leaving the 
remaining free part in direct contact with colon 
mucosa. This procedure insures the localization of 
the irritant within the distal colon.

EXPERIMENT DESIGN

At the beginning of each experiment, normal 
cystometry recordings were performed for 30 minu-
tes. After that, cystometry recordings were done for 
another 30 minutes following the infusion of the 
irritant (in the irritated animals). Then, cystometry 
recordings were done for 10 minutes with esophagus 
distention, followed by 10 minutes recordings wi-
thout esophagus distention. In the same way, cysto-
metry recordings for another 10 minutes were done 
with vagal nerve stimulation, followed by normal 
recordings for 10 minutes. At the end, cystometry re-
cordings were done for 30 minutes with distal colon 
distentions (10 minutes for each increment of distal 
colon distentions; 1mL, 2mL and 3mL). Cystometry 
was recorded for 10 more minutes following colon 
balloon deflation.

All data obtained from the pressure mo-
nitor were amplified and recorded on a computer 

using data acquisition system (National Instru-
ments®, www.ni.com). Cystometrograms were re-
corded using a BioBench software program (Na-
tional Instruments®, www.ni.com). The micturition 
cycle timing parameters, intercontraction time (the 
whole micturition cycle time) (ICT); the time of the 
voiding phase (VT); and the time of the storage 
phase (ST), and the intravesical pressure parame-
ters, resting pressure (RP); pressure threshold (PT); 
maximum pressure (MP); and pressure amplitude 
(P-amplitude; the deference between MP and RP) 
were measured, offline, for statistical analysis.

Statistical analysis

All the parameters of the micturition 
cycles in ten minutes after each stimulus and the 
micturition cycles in the last ten minutes preceded 
the stimulus from each animal were considered for 
statistical analysis for each stimulus. The measu-
rements of micturition cycles parameters preceded 
the stimulus were considered as control for the 
measurements following the stimulus. Statistical 
analysis was performed using two tailed, unpai-
red student t-test (t). Results were considered sig-
nificant when P<0.05. All data are presented as 
mean±standard error.

RESULTS

Effect of Colon irritation on micturition cycle 
timing’s parameters

Distal colon irritation significantly in-
creased the ICT. In addition, DCI significantly 
increased the ST, however, there was no signi-
ficant changes to the VT following distal colon 
irritation. Compared to intact animals (3), in the 
irritated animals, distal esophagus distention and 
electrical stimulation of the abdominal branches 
of the vagus nerve were still able to significantly 
decrease the ICT and ST of the micturition cycles 
without any significant effect on the VT. On the 
other hand, following distal colon irritation, all 
three distention increments (1mL, 2mL, and 3mL) 
of distal colon had no significant effect on the ICT, 
ST, or VT, and so, all significant effects of distal 
colon distention on these parameters in the intact 
animals (under publication) disappeared following 



ibju | effect of colon irritation on bladder interactions

597

distal colon irritation. The effect of esophagus, 
vagal, and distal colon stimuli on the ICT are pre-
sented in Figure-1. All data for VT and ST of the 
micturition cycles are presented in Table-1.

Effect of colon irritation on intravesical 
pressure’s parameters

In the intact animals, distal esophagus dis-
tention and electrical stimulation of the abdominal 
branches of vagus nerve didn’t have any significant 
effect on the intravesical pressure parameters (RP, 
PT, MP, or P-amplitude), except for a significant in-
crease in the RP to vagal stimulation. At the same 
time, only 3mL distal colon distention significantly 
increased the MP and the P-amplitude, without any 
significant effect on the RP or PT. Distal colon dis-
tention with 1mL and 2mL didn’t have any signifi-
cant effects on the intravesical pressure.

In the irritated animals, irritation of distal 
colon significantly increased the RP, while signi-
ficantly decreased the PT and P-amplitude. Ho-
wever, Irritation of distal colon had no significant 
effect on the MP. Following distal colon irritation, 
distal esophagus distention still had no significant 
effect on the intravesical pressure parameters. Si-
multaneously, distal colon distention almost had 
no significant effect on the intravesical pressure 

parameters following distal colon irritation, ex-
cept for a significant increase in the PT with 3mL 
distal colon distention. However, in the irritated 
animals, electrical stimulation of the vagus nerve 
significantly decreased the PT, though, significan-
tly increased the MP and P-amplitude. Vagal sti-
mulation had no significant effect on the RP. The 
effect of esophagus, vagal, and distal colon stimuli 
on the P-amplitude are presented in Figure-2. All 
data for RP, PT, and MP are presented in Table-2.

DISCUSSION

The results of this study shows how the 
changes of the urinary bladder function in response 
to mechanical stimuli from other viscera, either in 
the same region (distal colon distention) or in ano-
ther region (esophagus distention), can be affected 
by chemical irritation to the distal colon.

The chemical irritation of the distal colon 
significantly increased the urinary bladder fre-
quency. The increase in bladder frequency was at-
tributed by the significant decrease in the storage 
time of the micturition cycle, where the voiding 
time did not have any significant changes. Sin-
ce the storage phase is mainly a spinally media-
ted reflex (13), these results may indicate that the 

Figure 1 - Effect of different visceral stimuli on the intercontraction time (ICT) in the intact and the irritated animals. In the 
intact animals, distal esophagus distention and electrical stimulation of abdominal branches of vagus nerve significantly (P ˂  
0.01 and P ˂  0.05 respectively) decreased the ICT (data published (3)), however, distal colon distention with 3 ml significantly 
(P ˂ 0.04) increased the ICT (under publication). In irritated animals, chemical irritation of the distal colon significantly (P 
˂ 0.001) decreased the ICT; distal esophagus distention and vagal stimulation significantly (P ˂ 0.03) decreased ICT; distal 
colon distention had no significant effect. Vertical bars represent standard error of the mean.
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effect of distal colon irritation on the urinary bla-
dder mainly occur at the spinal level. The increase 
of bladder frequency in response to colon irrita-
tion could be explained by neuronal sensitization. 
Colon irritation is proved to sensitize neurons that 
receive convergent inputs from colon and urinary 
bladder both at the dorsal root ganglion (14) and 
lumbosacral spinal segments (15, 16). These re-
sults are consistent with other studies, where there 
was an increase of bladder activity in response to 
colon inflammation both in rats (2) and mice (17).

The neuronal sensitization can also explain 
the effect of distal colon irritation on intravesical 
pressure, where colon irritation significantly 
decreased the pressure amplitude by significantly 
increasing the resting pressure. In addition, 
distal colon irritation significantly decreased the 
pressure threshold. The effect of colon irritation on 
pressure threshold could be related to sensitization 
of the urinary bladder afferents as well. Ustinova 
et al. (18) demonstrated that colon irritation in 
rats sensitizes urinary bladder afferents to bladder 

Table 1 - Effect of Different Visceral Stimuli on the Micturition Cycle Phases with and without Distal Colon Irritation.

ST (sec) VT (sec)

Intact animals

Control 101.6±11.2 23.0±1.9

Distal Esophagus 59.9±6.3* 25.1±3.2

Control 84.2±10.6 25.8±2.3

Abd-vagus 56.8±6.1** 24.8±1.6

Control 85.0±11.1 27.4±1.8

Distal colon (1mL) 80.8±9.4 35.3±3.7

Control 98.4±9.2 30.4±1.3

Distal colon (2mL) 93.2±8.7 36.8±1.6***

Control 86.7±9.7 30.1±2.2

Distal colon (3mL) 103.4±13.0 45.0±5.0*

Irritated animals

Control 80.5±4.6 21.5±1.0

Colon Irritation 46.9±3.7**** 19.3±0.9

Control 52.4±3.0 20.2±0.9

Distal Esophagus 42.5±2.9***** 19.0±0.8

Control 60.0±4.5 20.7±0.9

Abd-vagus 46.8±3.4***** 19.3±0.7

Control 58.4±5.8 17.5±0.7

Distal colon (1mL) 53.1±6.2 17.2±1.2

Control 55.2±6.5 17.7±1.2

Distal colon (2mL) 53.0±6.6 19.3±1.5

Control 54.7±6.9 18.7±1.5

Distal colon (3mL) 63.4±7.4 19.0±1.7

Abd-vagus, electrical stimulation of the abdominal branches of the vagus nerve; distal esophagus, distal esophagus distention; distal colon, distal colon distention; 
colon irritation, chemical irritation of distal colon.

*P˂0.002, **P˂0.02, ***P˂0.004, ****P˂0.001, *****P˂0.03
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distention. Also, the decrease in pressure 
threshold could be related to the sensitization 
of the spinal neurons receiving bladder inputs. 
It was shown that the volume of urinary bladder 
distention necessary to excite the lumbosacral 
neurons decreased significantly following colon 
inflammation in rats (15). All these effects of 
colon irritation on the cystometry parameters 
reflect an increase of bladder activity.

All the same, distal colon irritation had 
an influence on the bladder responses to the 
distal colon distention and distal esophagus 
distention, as well as to electrical stimula-
tion of the abdominal branches of vagus ner-
ve. Following distal colon irritation, the distal 
esophagus distention and electrical stimulation 
of vagus nerve were still able to significantly 
increase the bladder frequency as it did in the 
intact animals. This increase in the bladder uri-
nary frequency is still attributed to the decre-
ase in the storage time as well (3). So, despite 
that colon irritation itself increased the activity 
of the urinary bladder, it didn’t attenuate the 
effect of distal esophagus and vagal stimulation 
on the urinary bladder activity. These results 
indicate that colon irritation sensitized the neu-
ral circuitries controlling the effect of esopha-

Figure 2 - The effect of different visceral stimuli on the pressure amplitude in the intact and the irritated animals. In the 
intact animals, distal colon distention significantly (P ˂ 0.02) increased the pressure amplitude. In the irritated animals, 
distal colon irritation significantly (P ˂ 0.01) decreased the pressure amplitude, whereas, vagal stimulation significantly (P 
˂ 0.003) increased the pressure amplitude. Vertical bars represent standard error of the mean.

gus and vagal stimuli to bladder activity. This 
sensitization is also reflected on the significant 
decrease of the pressure threshold by vagal 
stimulation in the irritated animals but not in 
the intact ones. The sensitization of the neural 
circuitries could be spinally mediated through 
the sensitization of the spinal part of the neural 
circuit that control the effect of the esophageal 
distention and vagal stimulation on the blad-
der activity, as mentioned above, or it could be 
directly through sensitizing the vagal afferents 
itself. It was shown through a neuronal tracing 
technique that distal colon is innervated by va-
gal afferents, in addition, it was shown in the 
same study that some nodose ganglion neurons 
innervate both the distal colon and urinary bla-
dder (19).

On the other hand, following distal colon 
irritation, distal colon distention didn’t have 
any significant effect on bladder frequency, 
which means that distal colon distention lost 
its inhibitory effect on the bladder function. On 
the opposite, 3mL distal colon distention signi-
ficantly decreased the pressure threshold follo-
wing colon irritation. The ability of colon irri-
tation to sensitize the convergent neurons for 
urinary bladder and colon again can explain 
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Table 2 - Effect of Different Visceral Stimuli on the Intra-vesical Pressure during Micturition Cycle with and without Distal 
Colon Irritation.

RP (mm Hg) PT (mm Hg) MP (mm Hg)

Intact animals

Control 4.6±0.2 10.8±0.8 28.7±0.6

Distal Esophagus 4.7±0.2 9.3±0.5 28.8±0.7

Control 3.8±0.3 9.1±0.5 28.9±0.6

Abd-vagus 4.7±0.2* 8.8±0.4 30.7±0.6

Control 4.1±0.3 9.8±0.6 27.1±0.6

Distal colon (1mL) 4.2±0.4 9.1±0.6 28.7±0.8

Control 3.9±0.5 9.4±0.8 27.6±0.6

Distal colon (2mL) 4.0±0.6 9.5±0.6 28.3±0.7

Control 5.6±0.3 10.7±0.6 30.3±0.4

Distal colon (3mL) 5.3±0.3 11.1±0.8 33.0±1.1**

Irritated animals

Control 3.7±0.2 9.0±0.3 27.5±0.5

Colon Irritation 4.5±0.1*** 7.5±0.2*** 27.0±0.4

Control 4.2±0.2 7.4±0.2 27.1±0.7

Distal Esophagus 4.8±0.3 7.4±0.3 27.5±0.8

Control 4.4±0.3 8.3±0.3 25.1±0.8

Abd-vagus 4.3±0.2 6.9±0.3**** 27.6±0.9**

Control 4.6±0.4 8.7±0.3 25.9±0.9

Distal colon (1mL) 4.8±0.4 8.1±0.3 25.3±0.9

Control 5.0±0.4 8.1±0.3 25.6±0.9

Distal colon (2mL) 4.7±0.4 8.4±0.3 25.5±1.0

Control 4.8±0.4 8.5±0.3 25.5±1.0

Distal colon (3mL) 4.0±0.4 7.5±0.3* 24.0±1.0

Abd-vagus, electrical stimulation of the abdominal branches of the vagus nerve; distal esophagus, distal esophagus distention; distal colon, distal colon distention; colon 
irritation, chemical irritation of distal colon.

*P˂0.02, **P˂0.05, ***P˂0.001, ****P˂0.005

these results. Wang et al. (20) showed that co-
lon inflammation increased the response of the 
lumbosacral neurons that have long discharge 
“sustained neurons” following colorectal dis-
tention in the lumbosacral segments. In ano-
ther study, the convergent lumbosacral neurons 
for colon and urinary bladder inputs showed a 
significant increase in their response to bladder 
and colon distention following colon inflam-
mation (15). The disappearance of the inhibi-

tory reflex of distal colon distention on the uri-
nary bladder might be due to the sensitization 
of the same neuronal circuits that relays the 
colon irritation effects, which means that the 
sensitization of the colon irritation overcomes 
the inhibition of the colon distention or even 
revers it.

Finally, the setup of the present study 
has some limitations, mainly related to the dis-
tal colon irritation and the conscious level of 
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the animals. More studies must be done about 
chronic irritation of the colon to resemble more 
the real pathological conditions. In addition, 
these experiments could be done in conscious 
animals, in order to exclude the effect of anes-
thesia on the viscero-visceral interactions. Mo-
reover, electrophysiological studies must be 
carried on, in order to elaborate the changes in 
the neural circuitries that control the viscero-
-visceral interactions.

In conclusion, the results of the present 
study demonstrate that viscero-visceral inte-
raction effects on the urinary bladder function 
depends on the variability of the mechanical 
and chemical stimuli from other viscera and the 
degree of neural overlapping that controls the 
different viscero-visceral interactions. The re-
sults of this study also indicate the necessity of 
taking in consideration the different nocicepti-
ve stimuli from other viscera in managing pa-
thological conditions affecting certain visceral 
organ such as urinary bladder.
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Objectives: To investigate the protective effect of L-Glutamine in animals undergone to 
ventral radiation when the target organ is not the prostate. 
Materials and Methods: Wistar rats were divided into groups of 10 animals each: Con-
trols (C), maintained under standard conditions and not exposed to radiation, Radiated 
group (R) undergone to abdominal radiation only and Radiated plus supplemented 
by L-glutamine group (R+G). The animals of group R+G were supplemented with L-
-glutamine at the beginning of the experiment until death in the 22nd day. The ventral 
prostate was dissected and processed for morphometrical analysis. The epithelial hei-
ght, collagen density and acinar area were objectively assessed in histological sections. 
Results: Epithelial height was significantly reduced in R group in comparison to C 
group (p= 0.005). However, there was no statistical difference between the C and R+G 
groups. Collagen surface density in the C and R groups were not statistically different, 
but a significant difference was observed when comparing groups R+G and R (p= 
0.040). The R+G group values did not differ significantly from C group. The acinar 
prostate area of group R was similar to that of C (p= 0.971), but in R+G it was signifi-
cantly reduced when compared with the C (p= 0.038) and R (p= 0.001) groups. 
Conclusions: Pelvic radiation promotes structural modifications in ventral prostate of 
rats, which can be reduced by L-Glutamine.
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INTRODUCTION

Ionizing radiation, when used to destroy 
tumor cells in pelvic organs, always affect the 
normal cells of the target and surrounding organs 
leading to important side effects. Despite its ne-
gative aspects, pelvic radiotherapy is increasingly 
used for treatment of bladder and rectum cancer. 
As the consequence, there is a growing incidence 
of acute and chronic radiation-related lesions in 
pelvic organs, including the prostate (1).

The L-Glutamine is considered a non-essen-
tial amino acid in homeostatic situations but be-
comes essential in catabolic circumstances such as 
trauma and sepsis (2, 3). L-Glutamine is metabolized 
to glutathione that protects tissues against oxidative 
damage, and acts as a nitrogen conductor betwe-
en cells and may be precursor for nucleotides and 
glucose (4). Supplementation with this amino acid 
prevents bacterial translocation from the intestinal 
mucosa, reduces the infection rate, hospitalization 
time and mortality in critically ill patients (4, 5).
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Diestel et al. (6) suggests that the L-Glu-
tamine supplementation assists the colonic wall 
repair in rat’s after radiation. Radiotherapy toxic 
effects are extended when L-glutamine levels are 
low (7). Possibly the L-glutamine deficiency may 
limit both the protein production in inflammatory 
response and glutathione synthesis compromising 
the body antioxidant defenses (8).

The aim of the present work is to investi-
gate the effects of radiation over a nonneoplasic 
prostate and the protective effect of L-Glutamine 
in this radiated organ.

MATERIAL AND METHODS

In the present study thirty adult male Wis-
tar rats (90 days old, 350grams of body weight) 
were kept in a room with controlled temperature 
(25±1ºC), artificial dark-light cycle (lights on from 
7:00 am to 7:00 pm) and fed standard rat chow 
and water ad libitum.

The rats were randomly allocated into 
three groups: Control group (C) was maintained 
under standard conditions and was not exposed 
to radiation (n=10). Radiated group (R) undergone 
pelvic radiation (n=10) at the eighth day of the ex-
periment. Supplemented and radiated group (R+G) 
undergone pelvic radiation plus L-glutamine su-
pplementation (n=10). This group (R+G) was also 
exposed to radiation at the eighth day of the ex-
periment and was supplemented with L-glutamine 
(Resource Glutamine, Novartis, Rio de Janeiro, 
Brazil) from the beginning of the experiment (day 
0) until death. L-Glutamine was administered by 
gavage at a dose of 0.2g/Kg of body weight dilu-
ted in distilled water (6).

The animals of the R and R+G groups re-
ceived a unique dose of abdominal radiation of 
1164cGy. All rats were maintained in a dorsal po-
sition inside small plastic cages, avoiding move-
ments during pelvic radiation. A linear accelerator 
of 06 MeV (model Clinac 2100®–Varian®) liberated 
the radiation with a speed of 240cGy/min, in a 
font-skin distance of 100cm, in a 6x4cm field over 
the lower abdomen. The head, thorax and mem-
bers were excluded of the radiation field.

During all experiment stages, the ani-
mals were observed for signs of toxicity such as 

lack of appetite, weight loss, piloerection, hyper 
or hypo activity.

All animals were submitted to euthanasia 
by an overdose of sodium thiopental on the 22nd 
day (14 days after radiation exposure).

Prostate was dissected under magnifica-
tion, and its ventral lobe was fixed in 4% buffered 
formaldehyde. The specimens were processed for 
paraffin embedding and sections of 5µm thickness 
were obtained. Samples were stained by hemato-
xylin and eosin to study acinar structures and Pi-
crosirius red for collagen analysis.

Micrographs were captured by a digital ca-
mera (DP70-Olympus®) coupled to a light micros-
cope (BX51-Olympus®). All analyses were perfor-
med on random fields with the software ImageJ® 
(National Institute of Health, USA).

After calibration, the area of the prostatic 
acini and epithelium height were measured with 
“freehand selections” and “straight line selections” 
tools respectively.

For collagen analysis, a 100 points grid 
was superimposed over the images, and the point 
counting method (9, 10) was used to objectively 
determinate collagen surface density, expressed as 
percentage.

For parametric values, analysis of variance 
(ANOVA) followed by Student t test were used. For 
nonparametric data Kruskal-Wallis test, followed 
by Mann-Whitney test were used. The GraphPad 
Prism 5.0 software was used for statistical analy-
sis. The significance level for rejecting the null hy-
pothesis was 5% (p≤0.05).

This research was approved by the Insti-
tutional Animal Bioethics Committee of the Bio-
logical Sciences Center, State University of Rio de 
Janeiro (protocol number: CEA/224/2008).

RESULTS

After radiation exposure, all animals presen-
ted diarrhea. No other toxicity sign was observed.

Epithelial height was significantly reduced 
in group R in comparison to group C (p<0.01). In 
the group R+G the epithelial height was similar to 
the C group (Table-1, Figure-1).

The collagen density between C and R 
groups showed no statistical difference (p=0.16). 
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Collagen increased significantly in the group R+G 
when compared with group R (p=0.04). The R+G 
group values did not differ significantly from C 
group (p=0.37) (Table-1).

The prostate acinar area of group R was 
similar to that of C group (p=0.97). The R+G group 
had a statistical decrease when compared with C 
group (p=0.03) and R groups (p<0.01) (Table-1).

According to data, the effect of radiation 
on the prostate of the rat affected the height of 
the epithelium significantly. In radiated rats and 
after supplementation with L-glutamine, it was 
observed a significant increase in the amount of 
collagen and a significant decrease in the size of 
acini (Table-1, Figure-1).

DISCUSSION

The pelvic radiation is well-recognized to 
produce major side effects contributing to morbi-
dity of oncologic patients. Most of these effects 
occur in consequence of radiation to organs wi-
thout cancer. This can begin immediately after the 

tissue exposition but the histological modification 
may take some weeks to occur (1, 11, 12).

In the present study, the tissue modifica-
tions after two weeks from radiation were evalu-
ated. This period was determined taking into ac-
count that rat’s tissue metabolism is faster when 
compared with humans. Despite the anatomical 
differences between human and rodents prosta-
te, there are many similarities that allow the use 
of the latter as an experimental model, especially 
in regard to the acinar epithelium (13). Also, the 
choice of the ventral lobe to be analyzed comes 
from the statement that this tissue is the most si-
milar to the human prostate (14, 15).

One of the consequences of the radiation-
-matter interaction on cell’s structures is the pro-
duction of reactive oxygen species and oxidative 
damage (16). The immediate radiation effects can 
be easily observed in tissues with great prolifera-
tive capability, such as the epithelium, leading to 
vascular injuries, hypoxia, and cell death (11).

Radiation promoted a significant change in 
the prostate acinar epithelium height, decreasing 

Table-1 - Morphometric data of ventral prostate from control, radiated and radiated+L-glutamine supplementation rats.

Control Radiated Radiated+Glutamine

Epithelial height (µm) 18.31±1.9 11.59±0.8a 13.14±1.4

Acinar area (µm2.103) 78.3±5.2 78.6±2.8 64.1±3.6a,b

Collagen density (%) 8.14±0.6 7.00±0.5 9.13±0.8b

Values are presented as mean±SD; a: statistically different from Control group; b: statistically different from Radiated group.

Figure 1 - Epithelial height in the ventral prostate. a: Control; b: Irradiated ; c: Irradiated+L-glutamine. HE. X 1000.

A B C
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it in approximately 36%, when compared to 
control animals. This modification corroborates 
with what was previously pointed out by Stone 
et al. (11).

Studies in rats showed that L-Glutami-
ne aids in colonic wall healing after radiation 
(17, 18). However, there is a lack of informa-
tion regarding L-glutamine in preserving and 
maintaining the integrity of the prostate after 
pelvic radiotherapy. The present study establi-
shes through quantitative methods the effects 
of oral supplementation with L-glutamine for 
protecting the prostate from radiation.

A study concerning morphometric eva-
luation of ventral prostate cells of rats growth 
in primary cultures, determined that L-Gluta-
mine supplemented cultures had a faster cellu-
lar growth (19). Actually, L-Glutamine acts on 
epithelial cells providing an adequate environ-
ment for its development. In the present study 
L-Glutamine was effective in restoring normal 
epithelium after pelvic radiation.

No significant change was observed 
on the total area of the acini after radiation. 
However, in the group supplemented with L-
-glutamine a 18% reduction in the size of acini 
was observed. This decrease could be explained 
by protein synthesis and muscle tissue deve-
lopment stimulated by L-glutamine (20). When 
muscle matrix density rises, the parenchyma 
reorganizes and, as a consequence, the acinar 
size reduces.

L-Glutamine supplementation is invol-
ved in extracellular matrix remodeling, in-
fluencing the rising collagen synthesis from 
fibroblasts, myofibroblasts and muscle cells. 
These cells, when activated act as collagen pri-
mary producers and others extracellular matrix 
components (6). The data presented show that 
L-Glutamine has a protective effect over pros-
tate extracellular matrix, maintaining normal 
collagen levels.

One limitation of the present work is the 
short-term analysis after radiation treatment. It 
is possible that an analysis after longer period 
from pelvic radiation could show a more severe 
change than those observed in this work.

CONCLUSIONS

Pelvic radiation promotes structural modi-
fications on ventral prostate of rats. These modi-
fications can be reduced by oral supplementation 
with L-Glutamine.
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Objective: The study was designed to determine the effect of low frequency (2.5Hz) in-
traurethral electrical stimulation on bladder capacity and maximum voiding pressures.
Materials and Methods: The experiments were conducted in 15 virgin female Sprague-
-Dawley rats (220–250g). The animals were anesthetized by intraperitoneal injection 
of urethane (1.5g/kg). Animal care and experimental procedures were reviewed and 
approved by the Institutional Animal Care and Use Committee of Antwerp University 
(code: 2013-50). Unipolar square pulses of 0.06mA were used to stimulate urethra at 
frequency of 2.5Hz (0.2ms pulse width) in order to evaluate the ability of intraurethral 
stimulation to inhibit bladder contractions. Continuous stimulation and intermittent 
stimulation with 5sec ‘‘on’’ and 5sec ‘‘off’’ duty cycle were applied during repeated sa-
line cystometrograms (CMGs). Maximum voiding pressures (MVP) and bladder capaci-
ty were investigated to determine the inhibitory effect on bladder contraction induced 
by intraurethral stimulation.
Results: The continuous stimulation and intermittent stimulation significantly (p<0.05) 
decreased MVP and increased bladder capacity. There was no significant difference in 
MVP and bladder capacity between continuous and intermittent stimulation group.
Conclusions: The present results suggest that 2.5Hz continuous and intermittent in-
traurethral stimulation can inhibit micturition reflex, decrease MVP and increase blad-
der capacity. There was no significant difference in MVP and bladder capacity between 
continuous and intermittent stimulation group.
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INTRODUCTION

Neurogenic bladder (NB) dysfunction re-
sults from spinal cord injury (SCI), and is asso-
ciated with neurogenic detrusor overactivity and 
detrusor sphincter dyssynergia. Complications 
secondary to urinary dysfunction, e.g. frequent 
urinary tract infections, vesicoureteral reflux, can 
lead to upper urinary tract damage, and ultimately 

to renal failure (1). Currently, clean intermittent 
catheterization with concomitant anticholinergic 
medication is the most common therapy of blad-
der management for most individuals with SCI (2). 
However, anticholinergic side effects include dry 
mouth, constipation, blurred vision and drowsi-
ness. Anticholinergic medication also has a possi-
bility to cross the blood–brain barrier and impair 
cognitive function (3).
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It is known that electrical stimulation of 
the pudendal nerve is an alternative approach to 
restore urinary function. Electrical stimulation of 
the pudendal nerve at 3-15Hz (4, 5) results in a ro-
bust inhibition of detrusor activity in persons with 
SCI. While high frequency stimulation (20-50Hz) 
(6) facilitates reflex bladder contractions. It is also 
known that activation of afferents in the sensory 
pudendal nerve can reflexively induce efferent fi-
ring in the pudendal nerve to elicit sphincter mus-
cle contractions that in turn can induce pudendal 
afferent firing via a motor–sensory coupling (7).

Therefore, it seems logical to hypothesize 
that intraurethral stimulation, by electrical stimu-
lation of the pudendal nerve, will inhibit the mictu-
rition reflex by activation of the pudendal afferent 
and efferent pathways. Therefore, two metal rings 
can be arranged on the catheter which is used thri-
ce or more in one day to treat NB. However, to our 
knowledge this electrically evoked urethrovesical 
inhibitory reflex mechanism has never been exami-
ned in female rat. The experiments revealed an ure-
throvesical reflex that inhibits bladder contractions 
and increases bladder capacity. In the present study, 
we determined the effect of low frequency intrau-
rethral electrical stimulation on bladder capacity 
and maximum voiding pressures. The outcome of 
intermittent and continuous stimulation was com-
pared. This reflex could be evoked by devices used 
for neuromodulation to benefit a large population 
of patients suffering from NB or overactive bladder.

MATERIALS AND METHODS

The experiments were conducted in 15 vir-
gin female Sprague-Dawley rats (220-250g). The 
animals were anesthetized by intraperitoneal injec-
tion of urethane (1.5g/kg). Animal care and experi-
mental procedures were reviewed and approved by 
the Institutional Animal Care and Use Committee 
of Antwerp University (code: 2013-50). A ventral 
midline abdominal incision was made, and the 
bladder was catheterized via bladder dome with 
PE-50 polyethylene catheter (Clay-Adams, Parsi-
ppany, New Jersey). The catheter was connected 
by a three-way valve to both a pressure transducer 
(Emka technologies) connected to a NE-1000 syrin-
ge pump (New Era Pump Systems, Farmingdale, 

New York), and an exit port to empty bladder. A BD 
Insyte-WTM intravenous catheter (20 gauges) was 
inserted transurethrally. Two coated platinum wires 
were fully inserted into the catheter. The wires were 
hold in place securely and the catheter was pulled 
away from the urethra. The anode and the catho-
de were longer than the catheter 10mm and 8mm, 
respectively. The urethral meatus was tied around 
the wires (silk 3/0) to prevent leakage and firm the 
electrodes.

Based on a previous study (8) and our preli-
minary test, unipolar square pulses of 0.06mA were 
used to stimulate urethra at frequency of 2.5Hz 
(0.2ms pulse width) to value the ability of intrau-
rethral stimulation to inhibit bladder contractions. 
Three control cystometrograms (CMGs) were per-
formed during saline infusion without stimulation 
to obtain the control/baseline bladder capacity and 
evaluate reproducibility. Then continuous stimula-
tion and intermittent stimulation with 5sec ‘‘on’’ 
and 5sec ‘‘off’’ duty cycle were applied during repe-
ated saline CMGs, generated by an ISO-STIM 01DPI 
stimulator (Tamm, Germany). The continuous sti-
mulation and intermittent stimulation started from 
filling to voiding contraction (greater than 25cm 
H2O) finished.

Bladder activity was recorded by a pressure 
transducer-1290C, Hewlett-Packard GMBH, Boe-
blingen, Germany, an amplifier-monitor (Emka te-
chnologies) and WINDAQ® DI-710 data acquisition. 
The bladder was emptied after each CMG and a 
5–10 min rest period was respected between CMGs 
to allow the bladder reflexes to recover. The rats 
were sacrificed by urethane overdose.

Statistical analysis was performed using 
SPSS software (version 16.0 for Windows, SPSS, 
Chicago, IL, USA). Maximum voiding pressures 
(MVP) and bladder capacity were investigated du-
ring CMGs with or without 2.5Hz stimulation to 
determine the inhibitory effect on bladder contrac-
tion induced by intraurethral stimulation. Repea-
ted measurements in the same animal during the 
same experiment were averaged to avoid the large 
variation caused by individual animal differences. 
All reported values are means±SD. One-way Anova 
followed SNK-q was used to detect statistical signi-
ficance. For all statistical tests, P<0.05 was consi-
dered significant.
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RESULTS

Continuous stimulation and intermit-
tent stimulation significantly (p<0.05) decreased 
MVP from 36.2±8.5cmH2O to 30.0±5.6cmH2O and 
30.4±6.2cmH2O, respectively (Figures 1 and 2a).

Bladder capacity was maximally increa-
sed to 116±8.5% of the control/baseline capacity 
(0.438±0.074mL) during continuous stimulation. 
Intermittent stimulation with 5sec ‘‘on’’ and 5sec 
‘‘off’’ duty cycle significantly increased bladder 
capacity to 123±12% of the control/baseline ca-
pacity (Figures 1 and 2b).

There was no significant difference in MVP 
and bladder capacity between continuous and in-
termittent stimulation groups (Figure-2).

DISCUSSION

In the supra-SCI patients, control function 
in the cerebrum and the pons is blocked. Loss of 
supraspinal control leads to involuntary, reflexive 
bladder contractions and impaired coordination of 
the detrusor and sphincter system which can result 
in elevated bladder pressure during micturition 
and lead to structural damage of the bladder, 

Figure 1 - The continuous stimulation and intermittent stimulation (5sec on/5sec off) decreased maximum voiding pressure. 
Bladder capacity was increased by continuous stimulation and intermittent stimulation (5sec on/5sec off). The black bars 
under the traces indicate the stimulation duration. Infusion rate: 0.09mL/min.
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vesicoureteral reflux, and renal insufficiency. 
Treatment for neurogenic bladder in SCI patients 
should fulfill three main objectives: low-pressure 
urine storage, low-pressure voiding, and adequate 
urine drainage. Clean intermittent catheterization 
with concomitant anticholinergic medication is 
currently the most common therapy of bladder 
management for most individuals with SCI (2). 
However, these drugs have dose-limiting side 
effects and may be insufficiently effective to restore 

Figure 2 - MVP (a) was significantly decreased (p<0.05) 
in continuous and intermittent stimulation (5sec on/5sec 
off) in 15 female rats when compared with no-stimulation 
group. Bladder capacity (b) was significantly increased by 
continuous stimulation and intermittent stimulation. There 
was no significant difference in MVP and bladder capacity 
between continuous stimulation group and intermittent 
stimulation group (a, b).

*Significantly (p<0.05) different from control.
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continence in patients with severe hyperreflexia. 
When medical treatment is not satisfactory, 
surgical operations can be tried to increase the 
bladder capacity and compliance. The side-effects 
of medications and surgical complications have 
prompted us to seek new treatment modalities.

A relatively new alternative treatment is 
to activate the pudendal nerve after SCI, which 
can improve urine storage (9). Intraurethral sti-
mulation not only activates the pudendal nerve, 
but also has advantages with its local effect and 
minimal invasion, which eliminates the systemic 
side effects caused by medication.

The afferent innervation of the lower uri-
nary tract is carried in three sets of nerves: the 
pelvic and hypogastric nerves, which innervate 
the urinary bladder and proximal urethra, and the 
pudendal nerves, which innervate the mid-distal 
urethra and the external urethral sphincter (EUS) 
(10). The urethral length measured from the urete-
ral orifice to urethral meatus was 13.0 to 15.8mm 
in virgin female Sprague-Dawley rats (170-200g). 
The most proximal part of the striated muscle area 
was located 5.0 to 8.1mm from the ureteral orifice 
(11). The distance from the anode to the urethral 
meatus was 10mm in our experiments, meaning 
that the electrodes are positioned in the striated 
muscle area. The urethra was also dissected to 
confirm the position of electrodes in 3 rats in a 
preliminary test. So, the pudendal nerve could be 
directly modulated by intraurethral stimulation.

Previous studies proposed three possible 
mechanisms for the decrease of MVP and the in-
crease of capacity evoked by intraurethral stimula-
tion. The first proposal suggests that electrical sti-
mulation of these somatic afferent fibers influence 
continence reflex pathways in the central nervous 
system (12). Secondly, low-frequency pudendal-
-afferent stimulation can evoke a robust reflex 
activation of hypogastric efferents (13). Therefore, 
low-frequency intraurethral stimulation suppres-
ses bladder contractions that may arise from the 
activation of hypogastric efferent neurons, and 
subsequent synaptic and ganglionic inhibition of 
the parasympathetic-efferent neurons. Previous 
studies in the rat showed that pudendal sensory 
branch transection reduced bladder MVP (14), so 
the third possible mechanism can be the modula-
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tion of urethral afferent activity, which augments 
maximum bladder pressure and voiding efficiency.

This study provided pre-clinical evidence 
for designing a stimulator to stimulate the urethra 
intermittently instead of continuously while still 
achieving an inhibitory effect on bladder activity. 
Intermittent stimulation can reduce battery power 
consumption. In this study, at 5sec ‘‘on’’ and 5sec 
‘‘off’’ ratio the inhibitory effect was also signifi-
cantly (P<0.05) reduced when compared to the 
continuous stimulation. Thus, there is a trade-off 
between reducing the ‘‘on/off’’ ratio and maintai-
ning the inhibitory effect.

The control experiments performed after 
short-time electrical stimulation reached baseli-
ne activity measured before electrical stimulation. 
This suggests the stimulation time can be exten-
ded to evaluate if it has a long-lasting post-sti-
mulation inhibition function. In addition, the pos-
sible effects on delaying the progress of bladder 
fibrosis should be explored in SCI rat in our next 
study. Previous researches have demonstrated that 
somatic nerves stimulation increase bladder capa-
city in neurogenic bladder in animals and patients 
(14, 15), however, it was not clear if somatic ner-
ves stimulation can decrease MVP.

Although clinical trials showed that the 
optimal stimulus parameters for neuromodulation 
therapy in human subjects are probably different 
from what was obtained in this animal study, the 
testing protocol and the results of this pre-clinical 
study will still provide very useful information for 
the design of a clinical trial that will use an inter-
mittent stimulation strategy. Two Teflon wrapped 
metal rings can be arranged on the catheter which 
is used to drain urine from bladder every day in 
SCI patients to decrease bladder pressure or delay 
progress of bladder fibrosis (will be evaluated in 
next step). NB can be treated when intermittent 
catheterization is performed. Improving neuromo-
dulation technology will benefit a large popula-
tion of patients suffering from NB.

The present results suggest that 2.5Hz con-
tinues and intermittent intraurethral stimulation 
can inhibit micturition reflex, decrease MVP and 
increase bladder capacity. There was no significant 
difference in MVP and bladder capacity between 
continuous and intermittent stimulation group.
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Aim: Our aim is to measure asymmetric dimethyl arginine and nitric oxide levels in 
rats with induced unilateral acute ureteral obstruction to research the effects on the 
kidney.
Material and Methods: The study included 21 adolescent (average age 6 weeks) Spra-
gue-Dawley male rats weighing between 240-290g divided at random into 3 groups. 
Group-1: Control group (n=6): underwent no procedures. Group-2: Sham group (n=6): 
underwent the same procedures as the experimental group without ureter and psoas 
muscle dissection. Group-3: Group with induced partial unilateral ureteral obstruction 
(n=9). All rats were sacrificed after 12 weeks. Superoxide dismutase enzyme activity 
and nitrite and nitrate salt levels were measured in renal tissue. Plasma nitrite-nitrate 
and ADMA levels were examined.
Results: In the experimental group histopathological changes observed included renal 
pelvis dilatation, flattened papillae, sclerotic glomerulus and fibrosis. In the experi-
mental group tissue SOD and blood ADMA levels were higher than the control and 
sham groups (p<0.05) while tissue NO and plasma NO values were lower than in the 
sham and control groups (p<0.05).
Conclusion: Oxidative stress and disruption of NO synthesis play an important role in 
renal function and histopathological changes after obstructive renal disease. To pre-
vent renal complications developing after obstructive nephropathy we believe that a 
new strategy may be research on reducing ADMA.
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INTRODUCTION

Ureteral obstructions are frequently obser-
ved in urology practice and without early diag-
nosis and treatment it may cause some serious 
complications (1-4). Many experimental studies 
have shown that retrograde glomerular reflux de-
veloping due to ureteral obstruction disrupts NO 
synthesis and in parallel affects renal function (5-

8). However, how and by which mechanism NO 
synthesis is disrupted is still not fully known.

Asymmetric dimethyl arginine (ADMA) is 
a nitric oxide synthesis (NOS) inhibitor (9). The 
function of NOS in the body is provided by NO 
synthesis from L-arginine. In this reaction, occur-
ring in the vascular endothelium, ADMA inhibits 
NOS activity by preventing L-arginine uptake into 
cells. In other words ADMA regulates the rate of 
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NO formation (9). Impaired endothelium vasodi-
lation, increased aggregation of platelets and in-
creased monocyte adhesion provide endothelial 
dysfunction that increase ADMA (10). During ure-
teral obstruction, inflammatory mediators in renal 
parenchyma have been shown to increase due to 
retrograde glomerular reflux. This situation increa-
ses ADMA synthesis causing NO synthesis disrup-
tion, which causes an effect on renal function. In 
one study, 221 chronic renal failure patient’s serum 
ADMA levels were shown to be increased (11).

The aim of the study was to induce uni-
lateral acute ureteral obstruction in rat models 
to measure ADMA and NO levels to research the 
effect on the kidney.

MATERIAL AND METHODS

Experimental Animals and Study Groups
This study began after permission was 

granted by Canakkale Onsekiz Mart University 
Animal Experiments Ethics Committee. The stu-
dy used 21 adolescent (average 6 weeks) Spra-
gue-Dawley male rats weighing from 240-290g. 
The animals were kept in standard laboratory 
conditions with stable temperature (18-21ºC) 
and humidity, 12 hours of light and 12 hours of 
darkness, with 3-4 rats in each cage fed with rat 
food and tap water.

The rats were randomly divided into 3 
groups. Group-1: Control group (n=6): underwent 
no procedures. Group-2: Sham group (n=6): un-
derwent the same procedures as the experimental 
group (the ureter and psoas muscle were palpa-
ted and left on their own anatomical position). 
Group-3: Experimental group: induced partial 
unilateral ureteral obstruction (PUUO) (n=9).

Surgical Procedure
Rats used for partial unilateral urete-

ral obstruction (PUUO) and rats undergoing the 
sham operation were starved for 6 hours before 
the operation and only allowed water. The rats, 
in accordance with antiseptic rules, were operated 
on under laboratory conditions maintaining body 
temperature. All rats were anesthetized with intra-
muscular 50mg/kg ketamine hydrochloride (Keta-
lar, Eczacibasi) and then a 2cm area was shaved 

on bilateral abdominal wall and 10% Povidone 
iodine was used to clean the field.

Partial unilateral ureteral obstruction 
(PUUO) model: A 2cm incision was performed at 
the anterior abdomen region. Skin above the linea 
alba, subdermis, abdominal anterior wall and pe-
ritoneum was incised to reach abdominal cavity 
and the left kidney was located. Fat and connec-
tive tissues were dissected to reveal the left ureter 
and psoas muscle. For PUUO rats, similar to the 
technique of Ulm and Miller (12), the psoas muscle 
under the left ureter was longitudinally dissected 
to form a groove (~15mm) and a small part of the 
left ureter was placed into the groove. Later the 
edges of the psoas muscle were fixed above the 
ureter with 5/0 silk suture. Thus the ureter was 
enclosed in a tunnel (Figure-1). In the sham model 
rats after the left ureter and psoas muscle were lo-
cated, the procedure was completed without ureter 
and psoas muscle dissection. Later 3/0 catgut and 
3/0 silk suture were used to close the abdomen in 
2 layers. All rats were sacrificed after 12 weeks.

Biochemical Tests
The kidney was dissected and excised and 

then stored at-80ºC. To test for biochemical changes, 
the levels of superoxide dismutase (SOD) enzyme 
activity and nitrite and nitrate salts which are end-
-products of NO were measured. To investigate the 
nitrite-nitrate and ADMA levels in plasma, 5cc blood 
samples from the ventricle of rats were centrifuged 
for 10 minutes at 3000rpm and the separated sam-
ples were stored at-40ºC until analysis.

Tissue Homogenization
After tissue samples were weighed, for as-

say of total nitrite/nitrate and SOD samples, they 
were homogenized in 0.9% NaCl and 10% homo-
genates were prepared. For assay of total nitrite/
nitrate and SOD, the prepared homogenates were 
centrifuged for 15 minutes at 15000rpm. Both as-
says were completed using samples of the super-
natant liquid.

Nitrite/nitrate
For measurement a “nitric oxide colorime-

tric assay” kit (Boehringer Mannheim) was used to 
evaluate at 540nm.
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Figure 1 - a) Macroscopic view of kidney tissue of experimental group; b) Macroscopic view of kidney tissue of control 
group; c) Hematoxilin and eosin (H&E) stained histopathological images of kidney tissue of experimental group; renal pelvis 
dilatation and flattening; d) Hematoxilin and eosin stained histopathological images of kidney tissue of control group; there 
was no pathological findings on renal papilla, cortex and medulla.

A
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B

Tissue SOD Activity Assay
Tissue SOD activity was measured at 

560nm by modifying the method determined by 
Sun et al. (13).

ADMA
ADMA levels in serum were measured by 

using a kit from BioVendor Research and Diag-
nostic Products (Cat. No: REA 201/96) manufactu-
red by DLD Diagnostica GMBH (Germany). Results 
were determined by the ELISA method and repor-
ted as nanogram per millilitre (ng/mL).

Histopathological Investigation
After tissue samples were cleaned with 

saline they were immediately fixed in 10% for-
maldehyde solution at room temperature for 72 
hours and prepared for routine light microscope 

examination. The tissue samples were dehydrated 
with alcohol and cleaned with xylene before being 
immersed in paraffin.

Five-micrometer slices of the tissues were 
made. The tissues were stained with hematoxyli-
ne-eosine (H&E) and periodic acid-Schiff (PAS) 
and the sections were examined and photogra-
phed with a light microscope.

Statistical Evaluation
The Statistical Package for the Social 

Sciences 20.0 for Windows (SPSS Inc., Chica-
go, IL, USA) was used for statistical analysis. All 
values were given as mean±standard deviation. 
Kruskal-Wallis test was used for variance analy-
ses. Mann-Whitney U test was used for dual com-
parisons between groups. Statistical significance 
was accepted as p<0.05.
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RESULTS

While there was no pathological changes 
in the kidney sections from the control group and 
sham group, in the experimental group induced 
PUUO, on histopathological examination of the 
H&E dyed kidney fibrosis, inflammation, flatte-
ning of the renal papillae and dilatation of the re-
nal pelvis were observed with varying degrees On 
kidney sections stained with PAS sclerotic glome-
rular changes, inflammation and fibrotic changes 
were observed (Figure-1).

Linked to increased oxidative stress the 
tissue SOD values, the enzyme with primary an-
tioxidant properties, are summarized in Table-1. 

In the experimental group with induced PUUO, 
tissue levels of SOD were higher than in the sham 
and control groups (p=0.001) (Figure-2). Compa-
ring the groups, there were differences between 
the experimental and control groups (p=0.001) 
and between the experimental and sham groups 
(p=0.003) (Table-1).

There was a clear increase in ADMA va-
lues measured in blood in the experimental 
group compared to the control and sham groups 
(p=0.001) (Figure-3). In the sham group there 
were higher levels of ADMA than in the control 
group (Table-1).

Nitrite/nitrate levels, end products of NO, 
were identified in both renal tissue and in plas-
ma. The nitrite/nitrate values in tissue were lower 
in the PUUO induced experimental group com-
pared to the sham and control groups (p=0.0003) 
(Figure-4) (Table-1).

Assay results of plasma nitrite/nitrate le-
vels are shown in Figure-5. These results show 

Table-1 - Biochemical results of the three groups.

Control Sham Experimental

median ss(±) median ss(±) median ss(±) p

Tissue nitrate 0.45 0.04 0.33 0.06 0.28 0.02 0.0003

Plasma nitrate 31.72 2.36 21.28 3.16 16.86 0.57 0.0003

SOD 148.82 3.5 152.28 3.9 162.27 4.5 0.001

ADMA 0.82 0.14 0.92 0.82 2.7 0.59 0.001

Figure 2 - SOD values measured in tissue samples of the 
groups (μmoL/g tissue).

Figure 3 - ADMA values measured in blood samples of the 
groups (ng/mL).
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the lowest plasma levels were found in the expe-
rimental group, followed by the sham group and 
the highest levels were in the control group. There 
was a significant difference between the groups 
(p=0.0003) (Table-1).
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DISCUSSION

Different etiologic factors such as urinary 
tract stones, ureteropelvic junction or ureterovesical 
junction stenosis, tumors and iatrogenic factors lead 
to upper uriner tract obstruction that can cause or-
gan failure in urology practice. Treatment planning 
is depend on duration, degree and level of obstruc-

tion. Upper urinary tract patologies have a broad tre-
atment spectrum. The primary aim of treatment is to 
protect or recover the functional reserve of kidneys 
by relieving the obstruction. In case of prolonged 
obstruction, functional reserve of kidney can decre-
ase so much that nephrectomy is required to prevent 
morbidities of dysfunctional kidney.

Fibrosis, collagen and extracellular matrix 
components accumulation are the most leading in-
terstitial changes in upper urinary tract obsruction. 
Besides cellular composition changes of interstitium, 
many biologically active molecules changes occur 
with interstitial fibrosis. It is considered that oblite-
ration of tubules and interstitial capillaries due to in-
terstitial fibrosis are the major determinants of renal 
function failure in kidney disease. Claesson et al. (14) 
induced left chronic partial ureteral obstruction in 
newborn rats. After two weeks they began to observe 
histopathological changes from ureteral obstruction 
and they reported that primarily papilla deformation 
occurred. In our study the rats with induced PUUO 
were sacrificed after 12 weeks. In the hydronephrotic 
kidney, histopathological changes observed included 
renal pelvis dilatation, flattened papillae, sclerotic 
glomerulus and fibrosis.

In upper urinary tract obstructions, increased 
ureteral pressure is the first stage of damage that le-
ads to renal blood flow reduction resulting in tissue 
ischemia, cellular atrophy and eventually necrosis. 
TNF-α is a potent proinflammatory cytokine that is 
capable of stimulating renal tubular cell apoptosis 
and infiltration of inflammatory cells during ische-
mic renal injury. After the development of obstruc-
tive nephropathy, it is reported that there is a role 
of factors such as prostaglandins (PG), angiotensin 
(ANG) II, growth factors and NO in the accumulation 
of free oxygen radicals and leukocyte infiltration 
(15). ROS may release vasoconstrictor bioactive lip-
ids such as prostaglandin, thromboxane and plate-
let activating factors and inactivate NO inducing a 
reduction in glomerular blood flow and glomerular 
infiltration rate (16, 17). Ricardo et al. (18) after in-
ducing a unilateral ureteral obstruction model in rats 
reported that ROS and overproduction of tubular ir-
regular antioxidant enzymes cause increased intra-
renal oxidative stress, leading to fibrogenesis, over 
expression of fibrogenic cytokines and loss of tubu-
lar shape. Kinter et al. (19) in a UUO model found 

Figure 4 - Nitrite/nitrate levels  measured in tissue samples 
of the groups (µmoL/g tissue).

Figure 5 - Nitrite/nitrate levels measured in blood samples 
of the groups (µmol/L).
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high levels of antioxidant enzymes (catalase, SOD, 
glutathione peroxidase) which can protect against 
the harmful effects of ROS. After UUO, ROS produc-
tion was greater than the protective capacity of the 
antioxidant enzymes increasing renal damage with 
tubular atrophy and interstitial fibrosis observed. In 
our study a marker of oxidative stress (SOD level in 
tissue) was higher in the experimental group com-
pared to the sham and control groups (p=0.001 and 
p=0.003). It was shown our study that upper urina-
ry tract obstruction led to oxidative stress with dis-
turbance of NO synthesis, creating fibrosis which 
could lead to renal damage.

Asymmetric dimethylarginine (ADMA) is 
an amino acid, like arginine, found in plasma, uri-
ne and tissue. In 1992, Vallance et al. (4) identified 
ADMA in human plasma and urine endothelial tis-
sue as endogenous inhibitors of endothelial nitric 
oxide synthase (eNOS). It was the first time that the 
importance of ADMA as endogenous inhibitör of 
NOS in patient with end stage renal failure was ci-
ted by Vallance et al. (1). In these patients, increased 
plasma ADMA levels were reduced by dialysis with 
improvement of endothelial function. Later studies 
showed many times the relationship between in-
creased ADMA levels and endothelial vasodilator 
dysfunction. In the endothelium NO is produced 
from L-arginine via the endothelial isoform (eNOS) 
of nitric oxide synthase. In humans NO synthesis 
may be disrupted by asymmetric dimethylarginine 
(ADMA), removing the endogenically-formed com-
pound L-arginine from substrate linking points in-
hibiting NOS activity. An infusion of ADMA dis-
rupts vasodilation in the endothelium. Increased 
ADMA levels in plasma are not only linked to en-
dothelial dysfunction, but also related to increased 
oxidative stress (20). Boger et al. (21) found that ox-
idative stress damaged the cystein aminoacid in the 
active region of the DDAH enzyme responsible for 
ADMA catabolism reducing enzyme activity and 
thus reducing the ADMA disintegration. As a result 
of increasing oxidative stress in many degenerative 
diseases, ADMA levels were found to be high. In 
ureter obstruction, free oxygen radicals increase, as 
shown by many studies mentioned above (18, 19, 
22). In our study, the findings are in accordance 
with these studies. Plasma ADMA levels in the ex-
perimental group were higher than in the sham and 

control groups (p=0.001 and p=0.001, respectively). 
ADMA inhibits NOS activity causing a reduction in 
NO levels, and as a result, disruption of endothelial 
function. Lin et al. (10) showed increased ADMA 
concentration in endothelial dysfunction was re-
lated to increased ROS production in plasma. In ad-
dition Takiuchi et al. (23) showed that endothelial 
dysfunction in coronary and peripheral vein dis-
eases was linked to increased ADMA levels in plas-
ma. The findings of our study are consistent with 
all these studies. When compared the experimental 
group to control and sham groups, we found incre-
ased both ADMA and SOD levels (p<0.05).

Nitric oxide is used in mitochondrial res-
piration, membrane transport and cellular energy 
stages, with a role in glomerular hemodynamic 
regulation, tubular transport and tubule-glomeru-
lar reabsorption and as a result is reported to play 
an important role in kidney physiology and pathol-
ogy (24). Cherla and Jaimes (25) showed that when 
given the NO percursor, arginine, the synthesized 
NO had a protective effect against kidney damage. 
The reduction in the amount of NO in the kidney 
was an important effect on the progression of renal 
damage, and they reported that NOS inhibition led 
to hypertension and sodium retention (24). Many 
studies have examined the role of NO in the hemo-
dynamic response to UUO. Lanzone et al. (6) found 
L-NMMA administration before UUO reduced the 
first increase in renal blood flow. When L-NMMA 
infusion was discontinued the renal blood flow 
increase resolved within 10 minutes. These find-
ings prove the role of NO in pre-glomerular vas-
cular resistance reduction after ureteral occlusion. 
Another study on NO created by eNOS in the kid-
ney found that it played a basic role in protecting 
against renal fibrosis developing as a response to 
UUO (7). The reduction in biological effectiveness 
of NO increases oxidative stress (8). In our study the 
products of NO, nitrite and nitrate, were examined 
in tissue and plasma. The nitrite/nitrate levels in 
tissue and plasma were lower in the experimental 
group compared to the control and sham groups 
(p=0.0003 and p=0.0003). This situation is an indi-
rect indicator of decreased NO levels in upper uri-
nary tract obstruction model. According to our fin-
dings, reduction of NO depended on both increase 
in ADMA levels and oxidative stress.
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CONCLUSIONS

Oxidative stress and disruption of NO syn-
thesis play an important role in renal function and 
histopathological changes after obstructive uropa-
thy. ADMA is an endogenous inhibitor of NOS. In-
creased ADMA levels show the inhibitor effect on 
NOS, causing a fall in NO levels in the kidney. We 
believe that methods to reduce ADMA may be a 
new strategy to prevent renal complications that 
develop after obstructive nephropathy.
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RADIOLOGY PAGE

CASE PRESENTATION

A 55 year old man presented with acute 
renal failure. He was grossly overweight with a 
BMI of 48 and had a past history of sleep ap-
noea, chronic lymphoedema and left ventricular 
dysfunction. Physical examination revealed a 
pendulous abdomen which extended to his knees 
and bilateral, irreducible inguinoscrotal hernias. 
Blood samples on admission revealed a serum 
creatinine of 187umol/l and an eGFR of 33ml/
min. CT urogram demonstrated bilateral hydro-
nephroureter to the level of the vesico-ureteric 
junction. The ureters were found to be tortuous 
and appeared to extend below the bladder before 

looping back up into the bladder. The absence 
of contrast within the ureters made the position 
of the lower ureter difficult to determine. Subse-
quent MAG-3 renogram showed a split function 
of 39/61% with a right sided preponderance. Both 
kidneys were slow to peak and showed negligible 
drainage. Intraoperative retrograde pyelograghy 
showed the ureters to be grossly elongated, loop-
ing down bilaterally through the hernial sacs 
within the scrotum before returning up to the 
kidneys (Figure-1). Conventional double pig tail 
ureteric stents were found to be not long enough 
to span the distance between the bladder and 
renal pelvis and 75cm-long ileal conduit stents 
were used successfully (Figure 2 and 3).

Figure 1 - Retrograde pyelograph showing the lower ends of both ureters looping below the pubic arch before ascending 
towards the kidneys.
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DISCUSSION

Sliding inguinal hernias which contain the 
ureter have been reported in the literature (1, 2). 
Case reports also exist of associated ureteric ob-
struction and with resultant ureterohydronephro-
sis (3-5). Definitive management involves repair 
of the hernia with care taken to preserve the ure-
ters. These patients are usually morbidly obese (6) 
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Figure 2 - CT-KUB scout film. The stents outline the unusual 
anatomical passage of both ureters. The upper coil of the 
stents shows the renal pelvises have been pulled down to 
L4/L5vertebral level.

Figure 3 - In this sagittal section of the CT-KUB, the left 
ureter, as outlined by the stent, can be seen passing through 
the neck of the hernia sac.

and are likely to have co-morbidities that make 
surgery a high risk (3-5).
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video section

INTRODUCTION

Although the incidences of kidney cancer 
and urolithiasis are increasing (1, 2) the discovery 
of both pathologies in the same patient is uncom-
mon. This video demonstrates the simultaneous 
management of a staghorn calculus and an ipsila-
teral renal mass using the robotic platform.

CASE

A 68-year-old woman was diagnosed 
with a 3.9cm left partial staghorn calculus and 
a 3.0x2.7cm left upper pole renal mass after an 
acute left flank pain episode. The patient had a 
history of hypertension, hyperlipidemia, coronary 
artery disease, asthma, hypothyroidism and obesi-
ty (BMI 39Kg/m2).

Intraoperatively after colon mobilization 
and hilum dissection, the Gerota’s fascia was in-
cised and the entire surface of the kidney was ex-
posed. The ureter was carefully dissected up to the 
renal pelvis. Intraoperative ultrasound identified 
the stone location and delineated the tumor bor-
ders. A posterior pyelotomy was performed using 
cold scissors and the stone removed in its entirety. 

A double J stent was inserted in an anterograde 
manner followed by the pyelotomy closure. The 
partial nephrectomy was then performed using 
our standard technique (3).

RESULTS

The operative time was 240 minutes and 
the estimated blood loss was 150ml. There were 
no intra or postoperative complications. Final his-
topathology showed a T1a renal cell carcinoma, 
clear cell papillary type with a negative surgical 
margin. The double J stent was removed after 4 
weeks and the patient remains asymptomatic at 3 
months postoperatively.

CONCLUSIONS

Simultaneous robotic pyelolithotomy and 
partial nephrectomy is a safe and feasible treat-
ment for this uncommon presentation.
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Editorial Comment

	Simultaneous robot-assisted laparoscopic 
pyelolithotomy and partial nephrectomy is a reaso-
nable approach for patients suffering from renal sto-
nes that are diagnosed with renal cancer (1). In this 
video, the authors presented a successful procedure 
for stone and tumor removal through the same sur-
gical access (2-3). This minimally invasive surgery 
combines the advantages of a laparoscopic pyeloli-
thotomy over a percutaneous nephrolithotomy (lo-
wer incidence of bleeding and higher stone-free rate) 
with the benefits of a robotic procedure for the treat-
ment of a renal cancer (lower warm ischemia time). 
This surgical approach should be considered as an 
alternative when treating patients with this uncom-
mon presentation.
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Editorial Comment

Management of a kidney containing both 
an enhancing renal mass and a partial staghorn 
calculus presents several dilemmas. As an alter-
native to radical nephrectomy, most urologists 
would likely perform staged procedures typically 
involving percutaneous nephrolithotomy and par-
tial nephrectomy. While robotic assisted partial 
nephrectomy is well accepted for management of 
the renal mass, robotic lithotomy is infrequently 
performed for the removal of large stones (1-3). 
This video by Andrade et al from the Cleveland 
Clinic nicely demonstrates a robotic pyelolitho-
tomy for a large stone at the time of robotic partial 
nephrectomy. Though this may be an uncommon 
situation, the video clearly shows the feasibility 
and safety of this combined procedure, at least in 
expert hands. This case avoided multiple surgeries 
and allowed for complete stone removal and tu-
mor resection while maintaining renal function.
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video section

INTRODUCTION

Transmesenteric laparoscopic pyeloplas-
ty has previously been reported in two pediatric 
patients. To our knowledge, there has yet to be a 
report of a robotic-assisted transmesenteric pyelo-
plasty. We sought to present a video display and 
step-by-step demonstration of this approach.

CASE
The patient is a 28-year old female with 

an obstructed ureteropelvic junction (UPJ) of the 
left moiety of a horseshoe kidney. The Da Vinci S 
robotic platform was used. After transperitoneal 
access was obtained, a window in the mesentery 
was identified, and the renal pelvis was exposed. 
A dismembered, spatulated pyeloplasty was per-
formed with transposition of the UPJ to a more 
dependent portion of the renal pelvis. A ureteral 
stent and closed surgical drain were placed.

RESULTS
The case was completed without compli-

cations. Operative time was 207 minutes. Foley 

catheter and drain were removed on postopera-
tive days 1 and 2, respectively. The patient was 
discharged home on postoperative day 2, and the 
ureteral stent was removed after 8 weeks. Her diu-
retic T1/2 improved from 39 to 16 minutes. The 
differential function of the left moiety improved 
from 31% to 42%.

CONCLUSIONS

Robot-assisted transmesenteric pyeloplas-
ty is safe and feasible for the management of UPJ 
obstruction in select patients with a horseshoe 
kidney. Future study of its use in a larger number 
of patients is necessary to define its role in this 
unique population.

CONFLICT OF INTEREST

None declared.

ARTICLE INFO

Available at: www.intbrazjurol.com.br/video-section/potretzke_626_627/

Int Braz J Urol. 2016; 42 (Video #5): 626-7

Vol. 42 (3): 626-627, May - June, 2016

doi: 10.1590/S1677-5538.IBJU.2015.0315



ibju | video section

627

Editorial Comment

This is a well-done video that adds to the 
literature in the fledgling field of minimally-in-
vasive reconstructive urology. This video should 
encourage urologists to counsel their patients that 
this procedure can be performed safely using min-
imally-invasive techniques with good outcomes.  
The difficulty with laparoscopic and/or robotic ap-

proaches to upper ureteric strictures is when di-
rect visualization shows that the fibrosis extends 
beyond what was thought preoperatively.  In this 
situation, the surgeon is faced with the choice of 
trying to reposition the patient for minimally-in-
vasive psoas hitch/Boari flap, opening, or trying to 
obtain more length of ureter or bridge a gap that 
may cause undue tension. While the outcome here 
is excellent, proper patient selection is key.
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RE: A Novel method of ensuring safe and accurate dilatation 
during percutaneous nephrolithotomy
_______________________________________________
Tarun Javali 1, Amey Pathade 1, H. K. Nagaraj 1

1 M.S. Ramaiah Hospital, Bangalore, India

Int Braz J Urol. 2015;41:1014-9.

To the editor,

We have read the technique titled “A novel method of ensuring safe and accurate dilatation 
during percutaneous nephrolithotomy” by Javali et al (1) with great interest. We compliment the 
authors on this novel technique of placing guide wire in difficult situation.

We would like to draw the attention of the authors to a few points and make a few comments.
A well-placed guide wire is a corner stone to the success of percutaneous access. Failure of 

guide-wire access may result in potential complications such as loss of tract, bleeding due to paren-
chymal injury that might lead to abandonment of procedure (2). Although wire down the ureter in 
every case would be ideal, but it is not necessary to be very rigid about that. We feel adequate and 
secure length of the wire in the pelvi-calyceal system is all that is needed for a satisfactory and safe 
tract making.

The common causes of guide-wire not going up the renal pelvis or down the ureter (3) are: 
•	 Large calculus occupying and/or blocking the calyx or infundibulum, 
•	 Puncture of the anterior calyx instead of the posterior calyx. 
If a large obstructing calculus is the cause of wire not progressing, there may be a need to 

fragment the calculus to create space for the wire to proceed. The authors have not mentioned any 
incidence of need for fragmentation in this large series. 

The lower pole calyces usually have a complex arrangement. The typical anterior and pos-
terior arrangement of calyces is seen only in 58% of cases in the lower pole (3). Eisner et al have 
found that in 31% of cases, the arrangement of calyces in the lower pole is such that no calyx is truly 
posterior. In such kidneys both the calices in the lower pole are anterior with one of the calyx being 
less anterior as compared to the other (4). If the anterior calyx is punctured then the glide wire would 
have difficulty in entering the pelvis (2). In this situation, gaining access to renal pelvis and upper 
ureter using an ureteroscope would torque the lower pole. This can be traumatic.

In a lower calyx tract (51 out of 85) it would be very difficult even under ureteroscopic vision 
to make the wire go down the ureter. The angle between the lower calyx infundibulum and the up-
per ureter would make entry of the wire across pelvi-ureteric junction difficult (5). In this situation 
placing the wire in upper calyx would be far easier. 

The authors have passed a 6-7.5 Fr semi-rigid ureteroscope between two terumo guide-wires 
and have managed to keep the two guide-wires always in vision. This would be very difficult in 
patients with prior history of renal surgery (12 in this series). Posterior strong muscular support with 
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retractile property of muscles would increase this difficult. There is a chance of perforation of the 
calyceal system especially with semi-rigid ureteroscope. There are reports of use of flexible uretero-
scopes (6, 7) for antegrade ureteroscopic assistance in percutaneous nephrolithotomy to prevent these 
potential damages.

This technique needs use of three guide-wires in addition to the use of the ureteroscope. There 
is a potential for damage to the optics of the telescope especially in patients with large stone burden 
with impacted calculi. All these aspects would increase the cost of the procedure. Is this escalated 
cost really necessary and justified?
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