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EDITOR’S
COMMENT

 The International Brazilian Journal of Urology was founded in 1971 with the name of Jornal 
Brasileiro de Urologia (Brazilian Journal of Urology), official organ of scientific publishing of the Brazi-
lian Society of Urology. It represented the realization of the Brazilian urologists dreams: the development 
of their own scientific journal. Since 1927, the year in which the Society was founded, the idea of a 
scientific magazine was pursued with frustrated titles as “Clínica Urológica” (Urologic Clinic), “Archivos 
Brasileiros de Clínica Urológica” (Brazilian Archives of Urological Clinic) and “Revista Brasileira de Uro-
logia” (Brazilian Magazine of Urology), that were discontinued (1).

In 1973 it was published almost by hand (which is considered the number zero edition) the Jornal 
Brasileiro de Urologia (JBU) (Brazilian Journal of Urology), but only after January 1975 the journal started 
to be printed continuously, under the leadership of Alberto Gentile, who was considered the founder of JBU 
and his first editor, then called editor-in -chief (1).

Due to the growing internationalization, in 2000 the name of the journal was changed to Brazilian 
Journal of Urology, including articles in English and Portuguese, and in 2002, it was adopted the name 
International Brazilian Journal of Urology (IBJU), including all articles in English. Ten years ago IBJU was 
indexed at PubMed/Medline and became an open access journal with free access to all articles at www.
brazjurol.com.br.

IBJU has some aspects that distinguish it from other magazines: likewise, all articles are submitted 
to a blind peer-review and primarily publishes original articles, reviews, challenging clinical cases and vide-
os. It pioneered the publishing of the Video Section. On the contrary, it is a free access magazine that does 
not charge the authors including the translation to English of the Portuguese submitted articles. 

We have reached the 40th Edition, and thirty-eight countries are being published, with a median of 
700 articles of submitted papers per year. There is a renowned Editorial Committee and many reviewers of 
all over the world, to whom we thank for their voluntary effort for reviewing our articles free of charge.

IBJU philosophy is to publish well conducted articles and researches, interestingly to urologists, 
whether or not the article will be cited; we have increased the number of published articles per year, with a 
lowering of our impact factor, in order to accommodate more papers, to attend the authors who seek IBJU. 
We know that investigators must publish their work in order to disclose their findings and to excel in the 
scientific community, the main reason of the existence of a magazine.

I am sure that the dreams of the Brazilian Society of Urology pioneers were accomplished. IBJU is 
worthy of pride by the Brazilian urologists and is earning a growing place in the international urological 
community.

40th Edition

Volume 40 | number 4 |  July . August, 2014   |   INT BRAZ J UROL

doi: 10.1590/S1677-5538.IBJU.2014.04.01

RefeRence

1. Aguinaga, Sergio D´Ávila: História da Sociedade Brasileira de Urologia: 1926 a 2005. Rio de Janeiro: SBU – Sociedade 
Brasileira de Urologia, 2005.

Sidney Glina, MD, PhD

Editor-In-Chief
Internacional Braz J Urol
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REVIEW ARTICLE

Clinical relevance of routine semen analysis and controversies 
surrounding the 2010 World Health Organization criteria 
for semen examination
_______________________________________________
Sandro C. Esteves

ANDROFERT, Andrology & Human Reproduction Clinic, Campinas, SP, Brazil

ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Semen analysis is the corner stone of infertility evaluation as it provides information 
on the functional status of the seminiferous tubules, epididymis and accessory sex 
glands. The methods on how the human semen should be evaluated are provided by the 
World Health Organization, which periodically releases manuals that include specific 
protocols and reference standards. In 2010, the WHO published new criteria for human 
semen characteristics that were markedly lower than those previously reported. In this 
review initially it is discussed the limitations of semen analysis as a surrogate measure 
of a man’s ability to father a pregnancy. Secondly, it is analyzed methodology issues 
that could explain why the newly released reference values were different from those 
earlier reported. Thirdly, it is speculated on the likely effects of the 2010 WHO criteria 
in the management of male infertility. Due to the several inherent limitations of semen 
analysis as a surrogate marker of male infertility, physicians should exercise caution 
when interpreting results. A template for semen analysis reports that incorporates the 
distribution of the semen characteristics of recent fathers in centiles rather than solely 
the minimum thresholds could aid clinicians to better understand how a given patient 
results compare with the reference population. Importantly, a male infertility evalua-
tion must go far beyond a simple semen analysis, as it has to be complemented with a 
proper physical examination, a comprehensive history taking, and relevant endocrine, 
genetic, and other investigations.

Key words:
Infertility, Male; Semen 
Analysis; Andrology; Diagnosis; 
Spermatozoa; Reference Values; 
Therapeutics

Int Braz J Urol. 2014; 40: 443-53

_____________________

Submitted for publication:
November 16, 2013

_____________________

Accepted after revision:
February 19, 2014

INTRODUCTION

The World Health Organization (WHO) pe-
riodically releases manuals for the laboratory exa-
mination and processing of human semen. While 
laboratories use these manuals as a practical guide of 
standardized methods for performing semen analyses 
clinicians rely on the reference of normal limits for 
interpreting semen analysis results. The first manual, 
published in 1980, summarized the clinical experien-
ce and research from the previous eighty years. In its 

subsequent updates in 1987, 1992, 1999 and 2010, 
WHO manuals provided substantial improvements on 
how to assess the seminal parameters. The reference 
values that were thought to be compatible with nor-
mal male fertility have also changed (Table-1) (1-4).

 In its latest fifth edition (WHO 2010) the se-
men analysis reference values are markedly lower 
than those of previous editions. Much debate has 
taken place thereafter, and a series of reports has 
questioned the validity of the newly released refe-
rence values (5-9).

Vol. 40 (4): 443-453,  July . August, 2014

doi: 10.1590/S1677-5538.IBJU.2014.04.02
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 In this review, it is discussed the contro-
versy surrounding the new 2010 WHO criteria for 
semen analyses. First, we point out the importan-
ce and limitations of the routine semen analysis 
in the workup of male infertility. Then, we pre-
sent the 2010 WHO cutoff values for human se-
men characteristics and how they compare with 
previous references. Third, we critically discuss 
the methods used for generating these new limits 
and present our hypotheses to explain these lo-
wered limits. Subsequently, we analyze the likely 
effect of the 2010 WHO cutoff values on the cli-
nical management of men with unexplained in-
fertility. Lastly, we propose a practical approach 
to report semen analysis results for those con-
templating adopting the 2010 WHO cutoff values 
for semen characteristics.

Importance and limitations of semen 
analysis for male infertility evaluation

 Semen analysis is the most widely used 
biomarker to predict male fertility potential (10). 
It provides information on the functional status 
of the seminiferous tubules, epididymis and ac-

cessory sex glands, and its results are often taken 
as a surrogate measure of a man’s ability to fa-
ther a pregnancy. Routine semen analysis inclu-
de: (a) physical characteristics of semen, inclu-
ding liquefaction, viscosity, pH, color and odor; 
(b) specimen volume; (c) sperm concentration; (d) 
sperm motility and progression; (e) sperm mor-
phology; (f) leukocyte quantification; and (g) 
fructose detection in cases where no spermatozoa 
are found and ejaculate volume is low (11).

 Owed to its widespread availability, he-
alth care providers usually use semen analysis 
alone as the main marker to determine male par-
tner referral for further investigation. However, 
semen characteristics that discriminate between 
infertile and fertile men are not well defined, and 
results fall within the accepted reference ranges 
in up to 40% of those suffering from infertility 
(12-14). Not only sperm production varies widely 
in same men but also conventional semen analy-
sis neither tests for the diverse array of biolo-
gical properties spermatozoa express as an emi-
nently specialized cell nor accounts for putative 
sperm dysfunctions such as immature chromatin 
or fragmented DNA. In addition, there is a wide 

Table 1 - Cut-off reference values for semen characteristics as published in consecutive WHO manuals.

Semen characteristics WHO
1980

WHO
1987

WHO
1992

WHO
1999

WHO
20101

Volume (mL) ND ≥ 2 ≥ 2 ≥ 2 1.5

Sperm count (106/mL) 20-200 ≥ 20 ≥ 20 ≥ 20 15

Total sperm count (106) ND ≥ 40 ≥ 40 ≥ 40 39

Total motility (% motile) ≥ 60 ≥ 50 ≥ 50 ≥ 50 40

Progressive motility2 ≥ 23 ≥ 25% ≥ 25% (grade a) ≥ 25% (grade a) 32% (a + b)

Vitality (% alive) ND ≥ 50 ≥ 75 ≥ 75 58

Morphology (% normal forms) 80.5 ≥ 50 ≥ 304 (14)5 46

Leukocyte count (106/mL) < 4.7 < 1.0 < 1.0 < 1.0 < 1.0

1Lower reference limits generated from the lower fifth centile value; 2Grade a = rapid progressive motility (> 25μm/s); grade b = slow/sluggish progressive motility (5-25μm/s); 
Normal = 50% motility (grades a +b) or 25% progressive motility (grade a) within 60 min of ejaculation; 3Forward progression (scale 0-3); 4Arbitrary value; 5Value not defined 
but strict criterion is suggested; 6Strict (Tygerberg) criterion; ND = not defined.

Reprinted with permission from Excerpta Medica Inc.: Esteves SC et al. Critical appraisal of World Health Organization's new reference values for human semen characteristics 
and effect on diagnosis and treatment of subfertile men, Urology 2012, volume 79, issue 1, page 17.
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variation on how laboratories perform semen 
analysis. In this section, we will continue to dis-
cuss the major drawbacks of semen analysis for 
male infertility evaluation.

 Biological intra-individual variability of 
semen parameters

  The semen parameters from same 
individuals are highly variable. Many conditions 
including the duration of ejaculatory abstinence, 
activity of the accessory sex glands, analytical er-
rors, and inherent biological variability account 
for such discrepancies (15-18). In one study the 
within-subject variability of twenty healthy sub-
jects assessed over a 10-week follow-up ranged 
from 10.3% to 26.8% (15). Sperm concentra-
tion showed the highest within-subject variation 
(26.8%), followed by morphology (19.6%) and 
progressive motility (15.2%) whereas vitality had 
the lowest variation (10.3%). The utility of popu-
lation-based reference values is related to the in-
dividual variability of a particular characteristic. 
Reference values of characteristics with atribu-
table individuality, including the ones routinely 
assessed in the semen, are generally of limited 
utility. It means that individual subjects could 
present results that were very unusual for them, 
and such results might have been accounted when 
establishing the reference thresholds. For the afo-
resaid reasons and other uncontrolled factors such 
as the regression towards the mean, it is impossi-
ble to take the results of a single semen specimen 
as a surrogate for a man’s ability to father a child 
unless when at extreme low levels (19). Regression 
towards the mean is the phenomenon in which a 
variable would tend to be closer to the average 
on a second measurement if it were extreme in its 
first measurement. This uncontrolled factor should 
be contemplated when designing studies involving 
semen analysis because following an extreme ran-
dom event the next random event is less likely to 
be extreme. It has been shown that sperm concen-
tration and motility were significantly higher in 
the second test in men with previous abnormal se-
men analyses results (20). Regression towards the 
mean could be reduced in its magnitude if we used 
means of multiple samples (two or three in the case 
of semen analysis). Hence, it is prudent that clini-

cians request at least two semen specimens follo-
wing 2-5 days of ejaculatory abstinence to allow a 
better understanding of the baseline semen quality 
status of a given individual (21-23).

Sperm dysfunctions not tested in the 
routine semen analysis

   Up to 30% of men with 
difficulties to father a child have no demonstra-
ble abnormalities after an initial male infertility 
workup. Additional tests have been developed to 
unravel functional disorders and other sperm ab-
normalities that cannot be identified by conven-
tional semen analysis (11,24). Some of these tests 
include the hypo-osmotic swelling test, computer-
-assisted sperm analysis, antisperm antibody test, 
sperm penetration assay, hemizona assay, reactive 
oxygen species (ROS) test, and sperm chromatin 
integrity test (25). Despite being available, there 
are inherent difficulties to set up these tests inclu-
ding cost of equipment and technical complexity. 
In addition, their predictive value in assessing the 
male fertility status is either variable or unknown 
(26). Not surprisingly, many couples with unexplai-
ned infertility choose assisted reproduction techni-
ques (ART) because of their widespread availabili-
ty and overall success despite the male infertility 
cause (27). Yet, the assessment of sperm oxidative 
stress (OS) and DNA integrity has gained clinical 
importance in recent years. Oxidative stress, which 
is present anywhere from 30% to 80% of inferti-
le men, is a result of the generation of ROS from 
contaminating leukocytes, defective sperm and an-
tioxidant depletion (28,29). ROS target sperm DNA 
molecules and ultimately affect the quality of the 
genetic material transmitted from the parents to 
the offspring. Damage to sperm DNA integrity can 
also result from apoptosis during spermiogenesis, 
alterations in chromatin remodeling during sper-
miogenesis, as well as exposure to environmental 
toxicants and gonadotoxins such as chemothera-
py and radiotherapy (30). Abnormal levels of DNA 
damage are observed in approximately 5% and 
25% of infertile men with normal and abnormal 
semen analysis, respectively (31-33). Therefore, 
some authors propose that the assessment of both 
conditions might be included to the male infertility 
workup algorithm (34,35).
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Evidence of poor standardization in se-
men analysis among laboratories

  Accuracy, the degree to which the 
measurement reflects the true value, and preci-
sion, the reproducibility of the results, are vitally 
important for clinicians who rely upon the values 
provided by the laboratory to direct the further 
work-up, diagnosis and counseling of the infer-
tile male (36). When both accuracy and preci-
sion are assured, the clinician is able to rely upon 
the semen analysis results to provide adequate 
counseling to the infertile couple. However, data 
from surveys of laboratory practice in the United 
States and the UK indicate that semen analysis 
techniques are still poorly standardized.

  Among 536 clinical laboratories 
in the United States only about 60% reported 
abstinence and indicated the criteria adopted 
for sperm morphology assessments. Moreover, 
fewer than half of them performed quality con-
trol for commonly assessed parameters such as 
sperm counts, motility and morphology (37). A 
survey involving thirty-seven laboratories in the 
UK about the methods used to assess sperm mor-
phology revealed that only 5% complied with 
all WHO guidelines (38). In the aforementioned 
study, participating laboratories had high inter-
-observer variability when evaluating the same 
specimen. These data were corroborated by ano-
ther study in which interlaboratory coefficient 
of variation was as high as 34% for sperm con-
centration, 20% for total sperm motility, 40% for 
sperm vitality, and 70% for sperm morphology 
(strict criteria) (39). Discrepancies were also seen 
in laboratories enrolled in quality control pro-
grams, thus indicating that there is a need of glo-
bal standardization among the laboratories and 
the providers of external quality control (40).

  Owed to its complex nature, se-
men analysis should ideally be carried out in a 
dedicated Andrology laboratory attired with ex-
perienced technicians, internal and external qua-
lity control, validation of test systems, quality 
assurance during all testing processes, and pro-
per in place communication with clinicians and 
patients (41). Despite being nonspecific for iden-
tifying male factor infertility etiologies, semen 
analysis is often the gateway test from which 

multiple expensive and often invasive treatments 
are based. Therefore, the importance of a reliable 
Andrology laboratory cannot be underestimated.

The 2010 WHO Criteria for Semen Analysis
 The WHO department of reproductive 

health and research workgroup made important 
changes in the 2010 laboratory manual for the 
examination of human semen and sperm-cervi-
cal mucus interaction (4). While the WHO work-
group reviewed and updated in great detail all 
the methods delineated in previous manuals it 
incorporated new protocols and tests. One of its 
main features was the inclusion of new referen-
ces ranges and limits that were markedly lower 
than those reported in previous manuals.

 Data characterizing the semen quali-
ty of fertile men provided the reference ranges 
for the manual (42). For the first time, semen 
analysis results from recent fathers with known 
time-to-pregnancy (TTP), defined as months (or 
cycles) from stopping contraception to achie-
ving a pregnancy, were analyzed. Raw data ob-
tained from five studies of seven countries on 
three continents were pooled then assessed (43-
48). Approximately 1,900 men who had fathered 
a child within one year of trying to initiate a 
pregnancy provided each one semen sample for 
sperm counts, motility and volume assessments. 
Data on sperm morphology were extracted from 
four studies comprising approximately 1,800 
men whereas sperm vitality, assessed by the eo-
sin-nigrosin method was obtained from approxi-
mately 400 men of two countries (43,45,47,48). 
The mean (± SD) male age was 31 (± 5) years 
(range 18-53) and only ten men were over 45 
years old. Participating laboratories practiced 
internal and external quality control and used 
standardized methods for semen analysis accor-
ding to the WHO manual for the examination of 
human semen current at the time of the original 
studies (42).

 The 95% interval for sperm volume, 
count, motility, vitality, and morphology were 
generated, and the fifth centile was proposed as 
the lower cutoff limits (42). Of note, although the 
fifth centile was considered as a reference limit 
for ‘normality’, it merely represented an arbitra-
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rily chosen distribution point commonly used in 
clinical chemistry. It was then assumed that va-
lues below these limits would come from a di-
fferent population. The assessment of progressive 
motility according to grades, as recommended 
by the previous WHO manuals, was replaced by 
categorizing motile sperm as being ‘progressive’ 
or ‘non-progressive’. In addition, the strict crite-
ria for morphology assessment was incorporated 
at last as the standard method. The lower limits 
of these distributions were lower than the values 
presented in previous editions except for the total 
sperm number per ejaculate (1-4). Leukocyte re-
ference values (< 1x106/mL) were not determined 
and remained the same as in previous manuals.

 In the 2010 WHO manual, the nomencla-
ture to describe deviations from reference values, 
using words rather than numbers, remained the 
same as in previous manuals.

Controversies Surrounding the Validity of the 
2010 WHO Thresholds

 The lower reference limits in the 2010 
WHO manual aimed to provide evidence-based 
thresholds that may aid clinicians in estimating 
the relative fertility of a given patient. Besides 
the aforesaid limitations of routine semen analy-
sis in evaluating the male reproductive poten-
tial, methodological concerns arise from a ca-
reful examination of the studies that generated 
the current reference values. In a recent review, 
we critically analyzed these issues and conclu-
ded that it was unsound to assume that the 2010 
reference standards represented the distribution 
of fertile men across the globe (6). The group of 
studied men represented a limited population of 
individuals who lived in large cities in the North 
hemisphere but for a small subset of men from 
Australia. Of note it was the absence of men from 
densely populated areas in Asia, Middle East, 
Latin America and Africa, which represent the 
areas where most men live nowadays. This fact 
precludes the examination of regional and racial 
discrepancies that could account for semen qua-
lity variability. The selection criteria were arbi-
trary as stated by Cooper et al. ‘laboratories and 
data were identified through the known literature 
and personal communication with investigators 

and the editorial group of the fifth edition of the 
WHO laboratory manual’ (42). Not surprisingly, 
there was a significant overlap of authorship in 
the included studies. In addition, a single semen 
specimen of each man was included for the po-
oled analysis, thus limiting the appraisal of the 
already discussed large intra-individual biologi-
cal variability (6).

 Some authors have claimed that the lowe-
red 2010 WHO thresholds are resulting from the 
declines in sperm count caused by endocrine dis-
ruptors and other environmental pollutants, such 
as insecticides, and pesticides (49-51). I, otherwi-
se, conjecture that the observed discrepancies are 
likely to be associated with the patient selection 
criteria, the higher laboratory quality control 
standards and the methods used for semen asses-
sment, such as the strict criteria for morphology 
determination. It means that methodology issues 
related to data generation might explain the dis-
crepancies in the reference thresholds among 
WHO guidelines (52).

 Collectively, these findings cast to doubt 
on the validity of the proposed reference range 
and cutoff limits about universally represent the 
distribution of semen results of fertile men.

Impact of the 2010 WHO Criteria for Semen 
Analysis in the Management of Male Infertility

 Clinicians involved in the care of infertile 
couples still rely on the semen analysis results 
to determine a management plan. Semen para-
meters outside reference limits are taken into 
account not only to define male infertility but 
also to recommend further evaluation and tre-
atment. One example is unexplained infertility 
which is based on the absence of female infer-
tility, and the presence of at least two normal 
semen analysis and no identifiable causes after 
a thorough work-up including history, physical 
examination, and endocrine laboratory testing 
(24). The adoption of the new WHO reference va-
lues will likely lead to more men being classified 
as “fertile,” which is of particular importance for 
gynecologists who rely on semen analysis alone 
as a surrogate measure for male fertility. In a 
recent study up to 15% of men with at least one 
parameter below the 1999 WHO reference values 
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were reclassified as ‘‘normal’’ by having all para-
meters at or above the 2010 WHO thresholds (8). 
We have also contemplated our own data invol-
ving 982 men seeking evaluation for infertility 
that had abnormal semen analysis results based 
on the 1990 WHO criteria. We found that appro-
ximately 39% of these men would be reclassified 
as “normal” by the new 2010 criteria. Morpholo-
gy itself accounted for over 50% of the reclas-
sifications (unpublished data). Patient referral 
for evaluation could then be postponed or not 
undertaken if fertility status would be based on 
semen analyses alone. Albeit it is ambiguous yet 
whether this re-classification will lead to a more 
cost-effective evaluation, it is also possible that 
it could delay the definitive diagnosis and mana-
gement of the infertile couple and lead to a more 
pronounced infertility condition with ageing.

 The current guidelines for male inferti-
lity evaluation also rely on the concept of se-
men abnormality for patient management. The 
American Urological Association (AUA) defines 
that the initial male evaluation should include a 
reproductive history and two properly performed 
semen analyses, and that an extended evaluation 
is warranted in the presence of semen abnorma-
lities in the initial evaluation (53). In contrast, 
the European Association of Urology (EAU) re-
commends undertaking a male examination in 
individuals with abnormal semen analysis results 
(54). Surprisingly, a single seminal evaluation 
would then be sufficient if the semen analysis 
results were normal according to the EAU. These 
recommendations understate the limitations of 
the semen analysis results and do not discuss the 
paradigm shift that is likely to occur in referrals 
and management on the face of the recent chan-
ges in the WHO reference thresholds.

 Similarly, the recommendation for treat-
ment has also been based on the results of rou-
tine semen analysis. Current guidelines for vari-
cocele propose that treatment should be offered 
to men with clinical varicoceles in the presence 
of abnormal semen analyses (55-58). Application 
of the new WHO reference values might lead to 
patients earlier deemed to be candidates for va-
ricocele repair now be considered ineligible for 
treatment if their semen parameters are abo-

ve the fifth centile. This may create a situation 
where health care providers might not reimburse 
treatment if semen parameters were above the 
new thresholds. As stated by Esteves et al. ‘the 
concern is that by denying these men a varico-
cele repair we may prevent them from achieving 
a substantial improvement in semen parameters 
and a greater chance of spontaneous pregnancy’. 
Of note, the most recent Practice Committee re-
port on varicocele by the American Society for 
Reproductive Medicine (ASRM) acknowledged 
the limitations of routine semen analysis and in-
cluded the presence of an abnormal sperm func-
tion test as an indication for treatment (58). Yet, 
another example is sperm morphology results 
in which infertility specialists have relied on to 
recommend treatment modalities owed to their 
relationship with in vivo and in vitro fertiliza-
tion (59). The thresholds of sperm morphology 
(strict criteria; Tygerberg method) were lowe-
red to 4% in the 2010 WHO criteria compared 
with 14% in the previous 1999 standards (3,4). 
Infertility specialists recommend intracytoplas-
mic sperm injection (ICSI) instead of conventio-
nal IVF or intrauterine insemination (IUI) on the 
face of morphology results of below 4% owed to 
the markedly lower pregnancy outcomes of these 
two treatment methods when using semen with 
low proportion of normal sperm (60,61). Interes-
tingly, the distribution of semen analysis results 
of fertile men in centiles, as shown by the new 
WHO standards, clearly shows that though 5% of 
the studied men had morphology values below 
the 4% cutoff point they still could initiate an 
unassisted pregnancy within twelve months of 
unprotected intercourse (6,42).

 In summary, these considerations raise 
the question on how the 2010 WHO references 
thresholds would affect the current male inferti-
lity practice. It should be noted however, that re-
ference values, as proposed by the WHO, merely 
represent the distribution of semen parameters 
of a limited group of recent fathers. Physicians 
treating infertile couples should exercise circu-
mspection when interpreting the results of routi-
ne semen analysis. Semen analysis alone is only 
a tool among several others for determining cli-
nical care. The male infertility evaluation must 
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go far beyond a simple semen analysis, as it has 
to be complemented with a proper physical exa-
mination, a comprehensive history taking, and 
relevant endocrine, genetic, and other investiga-
tions (10,11).

A Proposal of a New Template for Semen 
Analysis Report 

 Semen analysis reports usually present 
the specimen data and include the cutoff limits 
as a reference for interpretation (62). Despite 
having updated to the 2010 WHO criteria, our 
Andrology laboratory has changed the way re-
sults are reported. We have included the 95% 
reference interval of the semen characteristics 
from recent fathers, as generated by the WHO 
workgroup, instead of only providing the lower 
reference limits.

 The reason why we have included the 
95% reference interval was because we believe it 
is clinically useful to determine in which centile 
the patient specimen fits in comparison with the 
reference standards instead of simply classify the 
specimen as ‘normal’ or ‘abnormal’. This approa-
ch would be more realistic and clinicians would 
have a better understanding of the patient’s se-
minal profile by comparing the specimen results 
with the reference group. I therefore propose that 
laboratories willing to adopt the 2010 WHO refe-
rences include the full reference interval, as pre-
sented in Figure-1.

 Our laboratory has also abandoned no-
menclature; i.e., using words such as ‘oligozoos-
permia’, ‘asthenozoospermia’, ‘teratozoosper-
mia’, etc., to describe deviations from reference 
limits. We think it is unsound to use such ter-
minology for several reasons. First, these defi-
nitions are confusing. For instance, clinicians 
erroneously have used oligospermia and oligo-
zoospermia as synonymous. While the former 
refers to ‘volume’, the latter refers to ‘number’. 
‘Second, owed to the changes in the reference 
values according to the WHO manual edition, 
patients formerly classified as having oligo-
zoospermia (sperm count less than the reference 
value) could now fall within the accepted re-
ference limits. Such labeling poses a problem 

for researchers and clinicians who might erro-
neously interpret that the seminal profile has 
changed because of a given intervention. Lastly, 
nomenclature cannot determine the magnitude 
of the effect, and as a remedy other words such 
as ‘mild’, ‘severe’, and ‘moderate’ have been in-
troduced as qualifiers. Our opinion is that semen 
results should be reported numerically to allow 
proper temporal comparison among analyses of 
same individuals, as well as comparison across 
different studies irrespective of the time they 
have been published.

CONCLUSIONS

 The 2010 WHO semen analysis crite-
ria are likely to have a significant effect on the 
management of male infertility, including re-
classification of ‘normal’ and ‘abnormal’ semen 
analyses reports, deferment of patient referral for 
proper evaluation and recommendation for tre-
atment. These new reference limits were derived 
from a limited number of semen samples used to 
initiate natural conceptions. Albeit values below 
the thresholds may indicate a need for infertility 
treatment they cannot be used to determine the 
nature of that treatment. Several methodological 
shortcomings are associated with the new refe-
rences standards that might explain why referen-
ces were lowered in comparison with previous 
WHO guidelines. Semen parameters within the 
reference interval do not guarantee fertility nor 
do values outside those limits necessarily imply 
male infertility or pathology. Physicians treating 
infertile couples should exercise circumspection 
when interpreting the results of routine semen 
analysis. Semen analysis alone is usually insu-
fficient for the diagnosis because it does not ac-
count for sperm dysfunction, such as immature 
chromatin, oxidative stress and DNA damage. 
Semen quality must be interpreted within the 
context of the patient’s clinical information. The 
male infertility evaluation must go far beyond 
a simple semen analysis, as it has to be com-
plemented with a proper physical examination, a 
comprehensive history taking, and relevant en-
docrine, genetic, and other investigations.
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Figure 1 - Modifi ed semen analysis report template. The main difference between the routinely used templates and this one 
is the inclusion of the ‘centile’ distribution of semen characteristics from the reference population rather than solely the 
lower thresholds. The patient values (left column) are then compared with the reference limits thus aiding the clinician to 
appreciate how a given patient seminal profi le fi ts within the centile distribution.
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Introduction: Brachytherapy is an option for treating low-risk prostate cancer (PC). 
Biochemical control of low-risk disease can reach 95%. The practice advocated is that 
a review of prostate biopsies should be mandatory before choosing the best treatment 
for patients with PC. Our objective was to evaluate the change in PC risk after review 
of a prostate biopsy by an experienced uropathologist at a reference hospital.
Materials and Methods: Between December 2003 and August 2012, 182 men were 
referred to our institution for brachytherapy to treat PC. Their slides were reviewed by 
the same uropathologist.
Results and Discussion: Classification risk disagreement occurred in 71 (39%) cases, 
including one in which no tumor was observed. The main cause of risk change was 
related to the Gleason score (GS), with 57 (81.4%) cases upgraded to GS 7 or 8. Tumor 
volume was also compared, although only the number of fragments was reported in 
most original reports. The concordance of the number of cores affected by tumor was 
43.9%, and in 49% of the cases, the number was decreased by the uropathologist. 
Perineural invasion (PNI) was reported in one quarter of original reports, and the agre-
ement was 58%.
Conclusion: Slide review by an uropathologist remains essential at reference radiothera-
py centers for the treatment of PC. The change in PC risk evaluation is mainly due to the 
GS, but tumor volume and PNI, which are important for the characterization of tumor 
aggressiveness, are also misinterpreted and could drive a change in the therapy choice.
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INTRODUCTION

Currently, the management of prosta-
te cancer (PC) varies from active surveillance to 
palliative androgen blockage, depending on the 
prognostic risk stratification, whose determinants 
are the Gleason score (GS), PSA serum levels and 
the clinical stage. Among these determinants, the 

GS is the most important defining factor in PC 
aggressiveness (1,2). The discrepancies in gra-
ding GSs among observers can reach up to 64%, 
even among experienced uropathologists (3-9). 
This concern has been further confirmed since the 
2005 International Society of Urological Patholo-
gy (ISUP)’s modification of Gleason grading (10). 
Although only 50% of American hospitals adopt 
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this practice (11), a second pathology review is 
currently recommended as routine practice for pa-
tients referred to specialized centers for PC treat-
ment before the definition of a better management 
protocol (12-14).

Patients with low-risk PC can be treated 
with brachytherapy, and the reported biochemical 
control is as high as 95% (15). Inaccuracy in risk 
stratification and treatment selection could com-
promise curability rates, affecting patients’ quality 
of life and increasing the expenses for the heal-
th system (16). The objective of this study was to 
evaluate the rates of disagreement in the evalua-
tion of prostate needle biopsies after a slide review 
by an experienced uropathologist at a reference 
center in treating PC.

MATERIALS AND METHODS

 In total, 182 men were referred to our 
radiotherapy department, which is specialized in 
treating PC, from December 2003 to August 2012. 
The median age of the patients was 64 years old, 
with a range of 45 to 84 years. The mean PSA 
level was 6.4ng/mL (SD 3.2ng/mL). The clinical 
stage was T1c for 126 (69.2%) and T2a,b for the 
remaining patients. Eighty-nine (48.9%) patients 
were in the low-risk group, 81 (44.5%) were in the 
intermediate-risk group, and 12 (6.6%) were in the 
high-risk group.

 Hematoxylin and eosin-stained slides were 
reviewed by the same uropathologist. The median 
number of biopsy cores was 12, with a range of 2 
to 36. Several parameters from the initial diagno-
sis, such as the GS, the number of fragments that 
were positive for tumor, the percentage of tumor 
in the most affected biopsy core and the total per-
centage of tumor in all cores, and the presence of 
perineural invasion (PNI) were compared with the 
values in the final reviewed report. A major dis-
crepancy was defined as a difference that directly 
affected the patient’s risk stratification.

 The risk assessment was made based on the 
classification developed by D’Amico et al. (17,18). 
Briefly, low risk was defined as PSA ≤ 10ng/mL, 
GS ≤ 6 and a clinical stage of T1-2a; intermedia-
te risk, PSA > 10 but ≤ 20ng/mL, GS = 7 and a 
clinical stage of T2b; and high risk, PSA > 20ng/

mL, GS > 8 or a clinical stage of T2c or T3a. This 
system does not take into consideration other pa-
rameters observed on the slides review such as PNI 
and tumor volume reflected by the percentage of 
tumor extend. However, these additional findings 
added to the study are important for radiothera-
pists to tailor the better treatment. PNI is related 
to extraprostatic extension of tumor and has been 
a matter of concern for brachytherapy.

This project was approved by the Sirio Li-
banes Ethical Board (51741).

RESULTS

Significant discrepancies that could affect 
risk stratification occurred in 58 (31.9%) cases. 
In 1 (0.55%), no tumor was observed, and in 57 
(81.4%) cases, the risk was elevated. The main 
change in risk stratification was due to discordan-
ce in the GS. The results are detailed in Table-1. 
Tumors previously diagnosed as low grade (GS ≤ 
6) were upgraded to 7 (53 - 93%) or 8 (4 - 7%). In 
total, 42 (23%) cases were previously diagnosed as 
GS ≥ 7, with 13 (30.1%) downgraded to GS ≤ 6.

In 157 original reports, only the number 
of cores that were positive for tumor informed 
the tumor volume. Considering this feature, con-
cordance occurred in 69 (43.9%) cases. In 43 
(27.3%), the number of positive cores was unde-
restimated (Table-2).

PNI is another important phenomenon re-
lated to extraprostatic extension and should be 
mentioned in final reports (19,20). This informa-
tion was present only in 47 (25.8%) reports. PNI 
was reported as positive in 12 original reports, and 
the review agreed in 7 (58.3%) cases. There were 
24 (13.1%) cases positive for PNI after the slides 
review. In two cases, PNI was designated as nega-
tive while the review considered PNI as positive.

DISCUSSION

 Brachytherapy is a good option for trea-
ting low- and intermediate-risk prostate adeno-
carcinoma, with good results for disease control 
and lower morbidity associated with urinary in-
continence and sexual dysfunction (21,22). Pros-
tate biopsy is the only method for diagnosing PC, 
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and the evaluation of tumor characteristics has 
a crucial role in the process of clinical decision-
-making, with the GS being the most important 
prognostic factor. However, there is high varia-
bility in interobserver interpretation of GSs, even 
among experienced uropathologists. A recent 
report described a kappa value of 0.57 (95% CI) 
for GS evaluation between two uropathologists, 
exemplifying the subjectivity of this classification 

(23). This discordance could lead to the choice of a 
non-ideal treatment, with a large impact on dise-
ase control, side effects and financial expenses for 
the health system. Therefore, slide review by an 
uropathologist at reference hospitals for PC treat-
ment is currently recommended (12,24).

 In this study, we described the review of 
prostate biopsies from patients referred to a re-
ference center for brachytherapy treatment. We 

Table 1 - Frequency in distribution of Gleason scores on prostate biopsy.

Reviewed Gleason score

GS Original 5 (2+3) 5 (3+2) 6 (3+3) 7 (3+4) 7 (4+3) 8 (4+4) No tumor Total

4 (2+2) 0 1 3 2 1 0 0 7

5 (2+3) 1 0 2 1 0 0 0 4

5 (3+2) 1 2 5 1 2 1 0 12

6 (3+3) 4 5 58 31 15 3 1 117

7 (3+4) 0 0 9 6 7 5 0 27

7 (4+3) 0 0 2 2 5 1 0 10

8 (4+4) 0 1 1 0 1 1 0 4

8 (5+3) 0 0 0 0 0 1 0 1

Total 6 9 80 43 31 12 1 182

Table 2 - Number of cores positive for tumors. Comparison between the first and the review evaluation.

Review report

Original report 0 1 2 3 4 5 6 7 8 9-12 Total

1 0 25 9 3 3 1 0 0 0 0 41

2 0 4 27 5 3 2 0 0 0 1 42

3 1 1 2 7 5 1 0 2 0 0 19

4 0 1 3 7 6 1 0 1 0 0 19

5 0 0 0 3 2 3 1 1 0 0 10

6 0 0 2 0 6 4 1 1 2 0 16

7 0 0 0 1 1 0 1 0 0 1 4

8 0 0 0 0 0 1 0 0 0 0 1

9 - 12 0 0 0 0 4 0 0 0 1 0 5

Total 1 31 43 26 30 13 3 5 3 2 157
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found that risk stratification changed in one third 
of patients, including 1 (0.55%) case in which no 
tumor was observed. A large study described the 
absence of a tumor in 1.2% of cases after expert 
review and considered a second opinion by an 
uropathologist as mandatory when facing a PC 
diagnosis (12).

 The main discordance that we found was 
an underestimation of the GS responsible for 
changing the risk stratification. A report from So-
oriakumaran et al. described 19% disagreement 
that was mainly related to risk underestimation 
(25). Kishimoto et al. described numbers similar 
to ours, reporting 38% discordance, of which 82% 
was related to underestimation of the GS (26).

 The quantification of tumors is another 
important feature for defining tumor significan-
ce, and the number of cores that are positive for 
tumor, the amount of tumor in a single core and 
the total percentage of tumor in all cores are im-
portant data that should be mentioned in final re-
ports (27-29). The tumor volume was cited in 157 
(86.3%) final reports, although only the number 
of positive cores was described. There was con-
cordance in the number of positive cores in nearly 
44% of the cases. Curiously, the main discordance 
was the overestimation of positive cores by the ge-
neral pathologist (51%), including a case in which 
an uropathologist did not find cancer (0.6%). The 
first report analyzing discrepancies in tumor volu-
me was published by Brimo et al. in 2010 (12). Di-
sagreement in the number of fragments that were 
positive for tumors occurred in 9% of the cases, 

with the majority of cases (63%) underestimated 
by the general pathologist.

 After 2005 all cases were signed out ac-
cording to the 2005 ISUP’s consensus conference 
on Gleason grading for prostate cancer (10). Al-
though we are not aware of the knowledge of the 
first examiner about the ISUP`s recommendations 
we found some interesting results that are worth 
to be mentioned. There were 23 (12.6%) original 
cases previously signed as GS < 6, being 7 (30.4%) 
classified as GS 4 (2+2), all of these were upstaged 
after the review. The 2005 ISUP consensus consi-
dered that GS 4 is a very rare finding in prostate 
biopsies, most frequently present in transitional 
zone. Even GS 5 has been diagnosed in less than 
1% of the cases.

 Forty-six cases (25.2%) were upstaged 
after the review. Since the 2005 ISUP’s consen-
sus several studies documented a shift towards 
assigning higher GS on both biopsy and radical 
prostatectomy specimens (30). From the upstaged 
cases after the review, 28 (60.8%) had the secon-
dary Gleason pattern upgraded, similar to other 
published.

 Another interesting aspect that we re-
viewed in this study was information about PNI by 
tumors. The literature confirms that PNI is related 
to extraprostatic extension and should be affir-
med or denied in biopsy reports (19,20). PNI was 
mentioned in only 26% of original reports, and 
agreement occurred in 58% of the cases. Although 
PNI is agreed to be an important factor related to 
aggressive pathologic features, it remains a con-

Figure 1 - Examples of biopsies that resulted in change in the final diagnosis. A) A case of atypical adenomatous hyperplasia 
or adenosis previously diagnosed as adenocarcinoma. B) Gleason pattern 4 in a case previously diagnosed as Gleason score 
6 (3+3). C) Perineural invasion (arrow) that had not been recorded in the original report.

A B C
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troversial issue in prostate pathology and a sub-
ject of interest since the mid 90’s. In some studies 
the correlation between PNI and advanced stages 
is not confirmed in multivariate analysis. Billis et 
al. (31) found that PNI predicts higher tumor sta-
ges on radical prostatectomies only in univariate 
analysis. However, a study published by Loeb et 
al. (32) describes a correlation of PNI with EPE 
and seminal vesicle invasion also in multivariate 
analysis.

 In conclusion, our results show that a se-
cond opinion on a prostate biopsy by an uropa-
thologist, as part of a team devoted to the treat-
ment of PC through the best characterization of 
all aspects related to disease risk, is essential for 
the choice of the best management protocol for 
better disease control, fewer side effects and fewer 
financial expenses.
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EDITORIAL COMMENT

The referred manuscript is a large sample 
study and demonstrated good results in terms of 
low overall incidence of symptomatic urinary tract 
infection. These results denoted that ciprofloxacin 
still was effective in promoting antibiotic pro-
phylaxis in the population evaluated despite the 
current increase in bacterial resistance rates fa-
ced by fluoroquinolones. This observation permits 
emphasize that population variability may play 
an important role on the selecting process of an-
tibiotics for prophylaxis purposes. Consequently, 
knowledge of the bacterial resistance profile from 
the local population is paramount for optimizing 
post-biopsy infectious complications results. Ho-
wever, this study results have limitations, a con-
trol group was not designed for comparisons and 
therefore its evidence level was reduced to grade 
III. Other aspect is that post-biopsy urine culture 
was positive in four asymptomatic patients and 
was not considered as an infection event. Asymp-
tomatic bacteriuria can lead to oligosymptomatic 
urine/prostate colonization causing eventual uri-
nary tract infection onset in the future.

Is the era of empiric fluoroquinolones for 
prostate biopsy prophylaxis over?

Prostate biopsy is the gold-standard me-
thod for diagnosing prostate cancer. The procedu-
re is most commonly performed through a trans-
rectal approach, which can expose the genital and 
urinary tract to Gram-negative enterobacteria in-
fection, especially caused by E. coli (1).

A Cochrane review on prophylaxis for 
transrectal prostate biopsy revealed a significant 
reduction in bacteriuria, urinary tract infection, 
bacteremia, fever and hospitalization after pros-
tate biopsy with antibiotics compared to placebo. 
Definitive evidences of superiority of long-term or 
multiple-dose compared to short-term or single-
-dose antibiotic prophylaxis protocols were not 
demonstrated (2). Several reports have not shown 
significant difference between single-dose/1-day 
and 3-day prophylactic regimens (3-5). In addi-
tion, the American Urological Association has re-
commended antibiotic prophylaxis maintained for 
less than 24 hours in transrectal prostate biopsies 
(6). In this scenario, a short-term protocol may 

offer advantages of cost savings with potentially 
fewer drug related resistance.

Other efforts for reducing post-biopsy in-
fection rates have been investigated. The use of 
enemas in association with antibiotic prophylaxis 
was also evaluated by Cochrane review. A reduced 
risk of bacteremia was identified when this asso-
ciation was applied compared to antibiotics alone, 
although no differences were found in fever or in-
fection endpoints (2).

Patient-specific and procedure-specific cha-
racteristics were also described as possible potential 
risk factors for higher post-biopsy infection rates: 
increased comorbidity scores, untreated asympto-
matic bacteriuria, history of prostatitis, urinary tract 
infection, prostate size, indwelling urinary cathe-
ters, presence of bladder stones, inadequately tre-
ated diabetes mellitus, number of biopsy cores and 
number of repeat biopsy procedures (7).

The choice of the prophylactic antibiotic 
type has been empirical and guided by the expec-
ted bacterial spectrum at the operative site, an-
tibiotic susceptibility, drug pharmacokinetic and 
pharmacodynamics properties (8). Fluoroquino-
lones have traditionally been used as the prima-
ry prophylactic agent for prostate biopsy due to 
excellent urinary and prostatic penetration provi-
ding optimal coverage against key pathogens (9).

Despite the fact transrectal prostate biopsy 
has been widely considered a safe procedure for 
a long period of time and associated with low in-
fectious complications rates, contemporary pros-
pective and retrospective reports have currently 
shown a surprisingly increase on post-biopsy in-
fectious rates from 1% to 4% over the past fifteen 
years (10,11). Parallel to this trend, studies have 
also shown a dramatically increase in the preva-
lence of fluoroquinolone-resistant E. coli strains 
(12). These findings have progressively changed 
the optimal scenario found by fluoroquinolones 
to effectively promote antibiotic prophylaxis in 
transrectal prostate biopsies.

Another important issue is that the pre-
vious controlled randomized trials that first eva-
luated the empirical use of antibiotic prophylaxis 
before transrectal prostate biopsies were perfor-
med when levels of resistance to commonly used 
antibiotics were generally low (2).
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In this respect, recent reports demonstra-
ted presence of fluoroquinolone-resistant bac-
teria in 50 - 90% of patients with post-biopsy 
symptomatic infections. Additionally, the presen-
ce of fluoroquinolone-resistant pathogens in the 
rectal flora preoperatively, has been considered 
the most important risk factor for post-biopsy 
infection. The risk of harboring fluoroquinolone-
-resistant bacteria in the faeces was evaluated 
and increased remarkably on those who have re-
ceived fluoroquinolones within the past 6 mon-
ths or after international travel to countries with 
high levels of antibiotic resistance (12-14).

In this regard, non-randomized trials ap-
plied rectal swab cultures for preoperative asses-
sment of rectal flora susceptibility and perfor-
med a targeted antimicrobial therapy based on its 
susceptibility profile. The targeted antibiotic pro-
phylaxis was associated with a notable decrease 
in the incidence of infectious complications as 
well as a decrease in the overall cost of care (15).

Currently, these new attempts for a more 
individualized and optimized antibiotic prophyla-
xis based on the susceptibility profile of the rectal 
flora of each patient reached a new milestone of a 
new era on the way for reducing post biopsies in-
fection rates. However, additional larger randomi-
zed prospective studies are still needed to further 
evaluate the efficacy and cost-effectiveness of this 
new strategy and compare it to the traditional em-
pirical prophylaxis approach.

On the other hand, new biopsy techno-
logy as the MRI-transrectal ultrasonography 
(MRI-TRUS) fusion-guided-3D targeted biopsies 
has potential to reduce the number of repeated 
biopsies (16,17). Consequently, it may reduce the 
amount of antibiotic used for prophylaxis and 
therefore possibly contribute for reducing anti-
biotic resistance in the future.
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Objective: To evaluate the influence of polymorphisms in GSTA1, GSTM1, GSTT1, and 
GSTP1 in the risk of developing Prostate Cancer (PCa) in a population of Rio de Janeiro 
and compare the distribution of allele and genotype frequencies of the polymorphisms 
analyzed in the present study population with other regions in the country and diffe-
rent ethnic groups.
Materials and Methods: We analyzed a sample of the Brazilian population, comprising 
196 patients with PCa treated by the urology services of the Brazilian National Cancer 
Institute (INCA) and Mario Kroeff Hospital (HMK), and 208 male blood donors from 
the Clementino Fraga Filho Hospital, Federal University of Rio de Janeiro (UFRJ). The 
polymorphisms were determined in DNA, extracted from peripheral blood leucocytes 
using the Polymerase Chain Reaction and Restriction Fragment Length Polymorphism 
(PCR-RFLP).
Results: Our results showed that the distribution of polymorphisms can vary signifi-
cantly according to the Brazilian region and ethnic groups. The distribution of allele 
and genotype frequencies of the polymorphism GSTA1 was statistically different be-
tween cases and controls. Genotypes (A / B + B / B) were associated with protection (OR 
= 0.61, 95 % CI = 0.40-0.92) for PCa in comparison to genotype A / A.
Conclusion: The distribution of genotype frequencies of the polymorphism GSTA1 was 
statistically different between the case and control groups (p = 0.023), and the presence 
of genotypes A / B and B / B suggests a protective role against the risk of PCa com-
pared to genotype A / A. This is the first study that reports the genotypic frequency 
of this polymorphism and its association with PCa in a Brazilian population sample.
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INTRODUCTION

Prostate Cancer (PCa) is the second most 
common type of cancer in men (1). The incidence 

of PCa may vary among different ethnic groups 
and countries. The lowest rates are found in the 
Asian countries and the highest in the USA, 
Canada, Sweden, Australia, and France (2). In 
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Brazil, 68,800 new cases of PCa are estimated 
for 2014 (3).

 The etiology of the PCa is still poorly un-
derstood and the lack of consistent results for 
markers of high penetrance suggests that sus-
ceptibility to PCa possibly involves the effects of 
multiple factors, including the interaction of low-
-penetrance genes associated with exposure to 
environmental factors (4). The biochemical basis 
for genetic susceptibility to environmental risks 
has been related to mutations in genes involved 
in the elimination of carcinogenic compounds in 
the body (5). Several polymorphic genes encoding 
enzymes involved in the biotransformation of car-
cinogens have been studied as potential modifiers 
of risk of prostate cancer, including genes of the 
family of glutathione S-transferases (GSTs) (6). 
GSTs are enzymes involved in phase II xenobio-
tic metabolism, characterized by the combination 
of hydrophobic and electrophilic compounds with 
glutathione, leading to more soluble compounds 
that can be excreted.

 The GSTA1 (ID: 2938; 6p12.1) gene has 
two alleles, GSTA1 * A and GSTA1 * B, with 3 
(three) SNPs (Single Nucleotide Polymorphisms) 
apparently linked (-567T, -69C, -52G and -567G, 
-69T, -52A, respectively). Although much is kno-
wn about the polymorphism, the exact mechanism 
of how it affects gene expression has not been 
fully clarified yet, but it is known that the exchan-
ge of base G at A position -52 gene prevents bin-
ding of transcription factor (Sp1) of the promo-
ter site, resulting in lower expression of the gene 
GSTA1 (7). Polymorphisms associated with decre-
ased expression of the GSTA1 enzyme can lead to 
a buildup of carcinogens in the body and increase 
the risk of developing cancer (8). The GSTM1 (ID: 
2944; 1p13.3) gene is polymorphic and has three 
allelic variants GSTM1 *0, GSTM1 *A, and GSTM1 
*B, which have been widely investigated in va-
rious types of cancer (9-11).

 Alleles GSTM1 *A and GSTM1 *B encode 
metabolically active enzymes. The difference be-
tween these two alleles is the exchange of a base G 
to C, the coding region at position 534 (G534C), so 
that there is a substitution of lysine for asparagine 
(Asn → Lys). This exchange does not affect the 
enzymatic function (12). The null allele, GSTM1 

*0, is the result of deletion of the gene GSTM1 due 
to fusion of two homologous regions flanking the 
gene. Interest in GSTM1 has been stimulated by 
studies that suggest that homozygosity for GSTM1 
*0 is associated with an increased risk for various 
cancers, due to no protein expression (13-15). Si-
milar to GSTM1 *0, the GSTT1 (ID: 2952; 22q11.2) 
gene also has a null allele (GSTT1 *0). Despite the 
deficiency in the metabolism of carcinogenic com-
pounds due to gene deletion, there is controversy 
about which allele (GSTT1 *0 or GSTT1 positive) 
would be at risk for cancer because unlike GSTM1, 
GSTT1 can play a role in both detoxification and 
activation processes (16).

 The GSTP1 (ID: 2950; 11q13.2) gene has a G 
→ A transition at nucleotide 313, causing a varia-
tion of isoleucine for valine at codon 105 (17). The 
substitution Ile105Val alters the kinetic properties 
of the enzyme with possible functional alteration 
in the detoxification process, which, in the event 
of prolonged exposure to carcinogens, could cause 
irreversible damage to DNA, favoring carcinogene-
sis (14,18). This polymorphism has been extensively 
investigated, and studies have revealed that the ge-
notype GSTP1 105 Val / Val may be associated with 
increased risk for PCa (5,19,20).

 We conducted a case-control study to in-
vestigate the influence of GSTA1 (rs 3957357), 
GSTM1, GSTT1, and GSTP1 I105V (rs 1695) genetic 
polymorphisms in the susceptibility to prostate can-
cer. Additionally, we developed a descriptive obser-
vational profile of these polymorphisms in a sample 
of the population of Rio de Janeiro and its compari-
son with other regions of the country and different 
ethnic groups.

MATERIALS AND METHODS

Subjects
 The case group consisted of 196 adult pa-

tients between 42-80 years of age (mean 61.3 ± 
7.00) who were diagnosed with prostate cancer, 
confirmed by histological examination, and treated 
at the Urology Services of the Brazilian National 
Cancer Institute (INCA) and of Mario Kröeff Hospital 
(HMK), 110 and 86 individuals, respectively, betwe-
en February 2006 and September 2008. The control 
group consisted of 208 men aged between 43-86 
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years (mean 58.0 ± 7.78) recruited at the blood bank 
of INCA (66 individuals) and at the blood bank of 
Clementino Fraga Filho Hospital, Federal University 
of Rio de Janeiro (UFRJ) (142 individuals), from July 
2006 to March 2009. All participants were given an 
explanation of the nature of the study, and infor-
med consent was obtained. This study was appro-
ved by the ethics committee of INCA (registration# 
091/05). All institutions are mapped in the city of 
Rio de Janeiro. The sample power was calculated 
based on Zar, 1999 (21).

Genotype analysis
 To determine the genetic polymorphisms, 

samples were collected from peripheral blood in 
EDTA tubes properly identified. The genomic DNA 
extraction was performed from lymphocytes from 
whole blood, following the protocol with phenol 
and chloroform (22). All polymorphisms were de-
termined in genomic DNA using PCR following 
protocols previously described (Table-1). GSTA1 
and GSTP1 I105V polymorphisms were determined 
by Polymerase Chain Reaction and Restriction Frag-
ment Length Polymorphism (PCR-RFLP). The tech-
nique of allele-specific PCR was applied to deter-
mine the GSTM1 polymorphism with three primers: 
one common, specific for the intron 6 (sense), and 
the other two for the exon 7 (antisense), specific to 
the alleles GSTM1 * A and GSTM1 * B. A fragment 
of the β-globin with 268 bp (primer forward CAA 
CTT CAT CCA CGT TCA CC and primer reverse GAA 
GAG CCA AGG ACA GGT AC) was co-amplified as 
internal control of the PCR reactions for GSTM1 and 
GSTT1. Negative controls containing all reagents in 
the reaction, except DNA, were included in all re-
actions in order to detect possible contamination of 
reagents. DNA products were separated by electro-
phoresis in a 1.5% agarose gel, at 80V in 1X TAE 
buffer (Tris-Acetate-EDTA). The identification of the 
DNA fragments after the enzymatic digestion was 
performed in 10% polyacrylamide gels at 180V in 
1X TBE buffer (Tris-Borate-EDTA) (23). In all diges-
tions DNAs from positive controls (holders of the 
enzyme cleavage site) were included to verify the 
success of the reaction. After electrophoresis, the 
gels were stained with ethidium bromide and visu-
alized under ultraviolet (UV) light. DNA fragment 
sizes were estimated by comparison with pBR322/

Hae III molecular weight marker (Uniscience® Bra-
zil) (Figure-1).

Statistical analysis

 Calculations of allele frequencies were 
performed using the maximum likelihood method. 
Tests for Hardy-Weinberg and the heterogeneity 
of the samples were made by using the chi-square 
tests (χ²). The statistical program Epi Info version 
6.0 was used to estimate the hazard ratio with a 
confidence interval of 95%. The chi-square (χ²) 
was also used to compare the frequencies of the 
alleles found in this study with the frequencies 
observed in other populations (literature data).

RESULTS

 All polymorphisms were in Hardy-Wein-
berg equilibrium in the case and in the control po-
pulations (Table-2). Table-3 shows the analysis of 
the association between GSTA1, GSTM1, GSTT1, 
and GSTP1 I105V polymorphisms and the risk for 
PCa. Interestingly, the results showed a statistically 
significant protective association between GSTA1 
genotypes A / B + B / B and PCa (OR = 0.61, 95% IC 
0.40 - 0.92, p = 0.018).

 The analysis of the genotype distribution 
of GSTM1, GSTT1, and GSTP1 Ile105Val polymor-
phisms showed that the case and control popula-
tions were homogeneous with respect to these poly-
morphisms. Thus, the two groups were assembled 
(cases + controls) to form a single larger and more 
representative group of the population that was 
used for comparisons with literature data. GSTA1 
for polymorphism allele frequency in comparison 
with the other populations was performed using 
only the control group, since the samples (cases 
and controls) were not homogenous. For GSTM1 
and GSTT1 polymorphism comparison among the 
different ethnic groups, analysis of phenotypes 
(positive and null) was performed because the ina-
bility to distinguish between homozygous and he-
terozygous genotypes for the technique used did 
not allow us to count genes (Table-4).

 The allele frequencies of GSTA1 (only the 
control group) and GSTT1 polymorphisms showed 
no statistically significant difference when compared 
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Table 1 - Conditions established after standardization of the techniques of PCR, allele-specific PCR and PCR-RFLP for the determ
ination of polym

orphism
s GSTA1, 

GSTP1 I105V, GSTT1 and GSTM
1.

GSTA1 C-69T (rs 3957357)
GSTP1 I105V (rs 1695)

GSTT1 null
GSTM

1 null

Technique
PCR-RFLP

PCR-RFLP
PCR 

PCR allele-specific

Reference
14

36
37

38

Oligonucleotide Sequence (5`at 
3`)*

F - TGT TGA TTG TTT GCC TGA AAT T
R - GTT AAA CGC TGT CAC CCG TCC T

F - TCC TTC CAC GCA CAT CCT CT
R - AGC CCC TTT CTT TGT TCA GC

F - TTC CTT ACT GGT CCT CAC ATC TC
R - TCA CCG GAT CAT GGC CAG CA

F - GCT TCA CGT GTT ATG AAG GTT C
RA - TTG GGA AGG CGT CCA AGC GC
RB - TTG GGA AGG CGT CCA AGC AG

Am
plification 

conditions **
Reaction buffer

1 X
1 X

1 X
1 X

M
gCl2

2 m
M

2 m
M

2 m
M

2 m
M

dNTP
200µM

200 µM
200 µM

200 µM

Oligonucleotide
10 pm

ol each
10 pm

ol each
10 pm

ol each
10 pm

ol each

Taq DNA pol.
2U

1U
2U

2U

Final volum
e

25 µL
25 µL

20 µL
25 µL

Am
plicom

480 bp
294 bp

480 bp
480 bp

Cycling
Initial 
Denaturation

94ºC - 5m
in

94°C – 30s
94°C – 5 m

in
94°C – 2,5 m

in.

Denaturation
94ºC/1m

in
94°C/30 s

68°C/30s(-1°C for cycle)
20 cycles
72°C/30 s
97°C/ 30 s
51°C/ 30 s
10 cycles
72°C/ 30 s

72°C – 10 m
in.

94°C/1m
in

30 cycles
94°C/45 s

5 cycles

Annealing
64ºC/1m

in 35
60°C/1m

in
57°C/1m

in

Extension
72ºC/1m

in. cycles
72°C/2m

in
72°C/2m

in

Denaturation
94°C/ 30 s

30 cycles

Annealing
57°C/ 30 s

Extension
72°C/45s

(-3s for cycle)

Final Extension
72ºC – 5m

in.
72°C – 10 m

in.
72°C – 10 m

in.

Restriction enzym
e ***

Ear I (10U)
Bsm

A I (3U)
-

-

Effect of SNP on the DNA sequence
Creation of restriction site

Creation of restriction site
-

-

Fragm
ents w

ild-type allele
480 bp

294 bp
-

-

Fragm
ents m

utant allele
380 e 100 bp

234 e 60 bp
-

-

Digestion Tem
perature

37ºC
37°C

-
-

Digestion tim
e

20 h
20h

-
-

* F= Foward; R
= Reverse ; R

A= Reverse allele GSTM
1*A; R

B= Reverse allele GSTM
1*B.   ** Taq DNA polim

erase e Buffer Biotools  [50m
M

 KCl, 2m
M

 M
gCl2 , 20m

M
 (NH4)2 SO

4 , 75m
M

 Tris-HCl, pH 9,0]; *** Restriction 
enzym

e of New England BioLabs; 1U = 1 unit = enzym
e am

ount capable of digesting 1 m
g of DNA; bp = base pair.
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to the frequencies of different populations of Cauca-
sians and African-Americans, differing only in the 
Japanese population. The frequency of GSTM1 geno-
type frequencies varied significantly in Caucasians, 
African-Americans, and Asians while the allele fre-
quency of the GSTP1 I105V polymorphism was uni-
que, and showed a statistically significant difference 
in relation to the frequencies observed in other ethnic 
groups, with the exception of another population, the 
city of Sao Paulo (Table-4).

DISCUSSION

 The metabolism of xenobiotic compounds is 
one of the most versatile mechanisms for cell protec-
tion. GSTs belong to a multigene family of dimeric 

enzymes that catalyze the conjugation of a number 
of carcinogens and endogenous compounds. Fur-
thermore, studies suggest that GSTs are involved 
in the intracellular transport of steroid hormones 
(24). The cumulative exposure over a lifetime to 
androgens, androgen metabolites, and carcinoge-
nic products can develop PCa in men who are ge-
netically predisposed (25). Thus, the identification 
of genetic markers that are actually associated 
with initiation and progression of prostate tumors 
would enable the identification of men at risk for 
PCa, allowing the development of preventive stra-
tegies for this cancer.

 This study presents the first data on the 
frequency of GSTA1*A (-567T, -69C, -52G) and 
GSTA1*B (-567G, -69T, -52A) polymorphisms in 

Figure 1 - Electrophoresis profile of polymorphisms GSTA1, GSTM1, GSTT1 and GSTP1.

M = molecular weight marker pBR322/Hae III, A) Gel of 10% polyacrylamide with the GSTA1 products digested by Ear I. Lanes 1, 5, 8, and 9 = homozygous for the wild 
type allele (A / A), 2, 3, and 7 = heterozygous (A / B) 4, and 6 = homozygous for the mutant allele (B / B). B) Gel 2.5% agarose with GSTM1 amplification products by 
allele-specific PCR. NA and NB = negative control; CA and CB = positive for the A and B alleles (genotype A / B) controls; 2, 3 and 8 = homozygous for the null allele 
(GSTM1 0/0); 1, 5 and 6 = negative for allele A and allele B for the positive (B phenotype / -) individuals; Lanes 4, 7 = positive for individuals negative for allele A and 
B (phenotype A / -). C) Gel to 10% polyacrylamide with the products of digestion with GSTP1 by BSMA I. Sample 5, 7 and 9 = homozygous for the wild type allele (Ile / 
Ile) 2 and 8 = heterozygous (Ile / Val), 1, 3, 4 and 6 = homozygous for the mutant allele (Val / Val) individuals. D) Agarose gel 2.5% with GSTT1 amplification products. 
Lanes 2, 4, 7, and 8 = homozygous for the null allele (null genotype) individuals; 1, 3, 5, and 6 = subjects with at least one active allele for the gene GSTT1 (T / T or T / 0).
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a Brazilian population. The analyses revealed that 
the genotype frequencies were significantly diffe-
rent between cases and controls (p = 0.023), sug-
gesting an association between the GSTA1 poly-
morphism and the risk of PCa (OR = 0.61, 95% 
CI = 0.40 to 0.92) (Table-2). Previously, a case-
-control study (190 patients with PCa and 294 
controls) in Japan found no statistically signifi-
cant association in the overall analysis (14). Ho-
wever, after conducting an analysis stratified by 
smoking, they observed among smokers a higher 

risk for PCa associated with genotypes A / B and 
B / B (OR = 1.72, 95% CI = 1.01 to 2.72). It was re-
ported that a GSTA1 enzyme is efficient in the de-
toxification of compounds derived from tobacco, 
such as 2-amino-1-methyl-6-phenylimidazo [4,5-
β] pyridine (PhIP) (26). Therefore, GSTA1 possibly 
plays an important role in protecting DNA against 
compounds derived from tobacco. Although this 
observation requires further study, the effect of 
smoking may be more important for susceptible 
populations such as those with a higher frequency 

Table 2 - Analysis of Hardy-Weinberg equilibrium for the genetic sample of controls and patients with PCa polymorphisms.

Genotypes Observed Expected χ²1 p

Controls

GSTA1 A/A 76 79.147

0.917 0.338A/B 99 92.706

B/B 24 27.147

GSTM1 0/0 87 83.830

1.393 0.238
A/ - 70 73.171

B/ - 32 35.171

A/B 15 11.829

GSTP1 I/I 85 85.043

0.000 0.999I/V 96 95.914

V/V 27 27.043

Patients

GSTA1 A/A 99 101.434

0.741 0.389A/B 84 79.133

B/B 13 15.433

GSTM1 0/0 80 81.205

0.285 0.593
A/ - 88 86.795

B/ - 21 19,795

A/B 7 8.205

GSTP1 I/I 73 76.563

1.179 0.277I/V 99 91.875

V/V 24 27.562

χ²1 = chi-square with one degree of freedom.
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Table 3 - Analysis of association between genetic polymorphisms and the risk of Prostate Cancer.

Genotypes Cases Controls OR(IC 95%) P (Yates)

GSTA1 A/A 99 76 1

A/B 84 99 0.65 (0.42 – 1.01) 0.056

B/B 13 24 0.42 (0.19 – 0.92) 0.028

A/B + B/B 97 123 0.61 (0.40 – 0.92) 0.018

GSTM1 Positive 116 117 1

Null 80 87 0.93 (0.61 - 1.41) 0.787

GSTT1 Positive 161 161 1

Null 35 47 0.74 (0.44 - 1.25) 0.289

GSTP1 I/I 73 85 1

I/V 99 96 1.20 (0.77 - 1.87) 0.455

V/V 24 27 1.04 (0.52 - 2.04) 0.956

of GSTA1 genotypes A / B or B / B. Unfortunately, 
we do not have data on tobacco use to perform 
analyses similar to those of Komiya et al. (14). As-
sociation studies with prostate cancer GSTA1 are 
rare, but they were also conducted for other types 
of cancer. A recent study found an association of 
the A / A genotype with the risk of gastric cancer 
in the Vietnamese population (OR = 4.3, 95% CI = 
1.2 to 17) (27). Genotypes related to reduced ex-
pression of GSTA1 (GSTA1 A / B and B / B) were 
associated with breast cancer, especially among 
women smokers (OR = 1.89, 95% CI = 1.09 - 3.25) 
and those with lower consumption of cruciferous 
vegetables (OR = 1.73, 95% CI = 1.10 to 2.72) (28).

 Little is known about the influence of the 
GSTA1 polymorphism in the prostate. However, 
the observation that the expression of this enzy-
me is increased in situations involving oxidati-
ve stress and proliferative hyperplasia associated 
with chronic inflammation (29) and is reduced in 
tumors of the prostate intraepithelial reinforce the 
idea of the possible GSTA1 involvement in carci-
nogenesis of prostate cancer (30).

 In the present study, the distribution of 
genotype frequencies for GSTM1, GSTT1, and 
GSTP1 I105V polymorphisms showed no differen-
ces between the groups of cases and controls. Risk 

analysis detected no statistically significant asso-
ciation between these polymorphisms and prosta-
te cancer, suggesting that they do not influence 
the risk of developing PCa in the Brazilian popula-
tion (Table-2). For GSTT1 and GSTP1 I105V poly-
morphisms, some previous studies also reported 
no association with PCa corroborating our results 
(6,14,31-33). We found only one study in the Bra-
zilian population, conducted in Sao Paulo, which 
examined the relationship of GSTT1 and GSTP1 
I105V polymorphisms with the risk of PCa (32). 
The authors also looked at variables such as dietary 
habits, alcohol consumption, smoking, skin color, 
among other factors in 225 subjects (125 patients 
with PCa and 100 patients with benign prostatic 
hyperplasia (BPH), used as controls). Even after 
stratification of the population for these varia-
bles, Lima et al. (32) found no association of these 
polymorphisms with PCa. A meta-analysis (33) in-
volving 22 studies with the GSTT1 polymorphism 
(totaling 4,564 cases and 4,552 controls) and 24 
studies with the GSTP1 I105V polymorphism (to-
taling 5,301 cases and 5,621 controls) also showed 
no association of these polymorphisms with PCa 
(OR = 1.05, 95% CI = 0.86 to 1.27 and OR = 1.06, 
95% CI = 0.91 to 1.24, respectively). Significant 
associations of alleles GSTT1 and GSTP1 * 0 * 105V 
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Table 4 - Comparison of allelic polymorphisms of GSTA1, GSTM1, GSTT1 and GSTP1 I105V in the study population and 
different populations

GSTA1

Population (nº of alelles) GSTA1*A (%) GSTA1*B (%) p

This study ** (398) 251 (63) 147 (37) -

Caucasiansa (EUA) (162) 92 (57) 70 (43) 0.166

Afro-Americansa (EUA) (126) 81 (64) 45 (36) 0.804

Japaneseb (588) 526(89) 62 (11) < 0.001

GSTP1 I105V

Population (nº of alelles) Ile (%) Val (%) p

This study* (808) 511 (63) 297(37) -

Rio de Janeiroc (Brazil) (1182) 813 (69) 369 (31) 0.01

São Paulo (Brazil)d (442) 303 (68) 139 (32) 0.06

Caucasianse (Eslováquia) (456) 333 (73) 123 (27) <0.001

Afro-Americansf (EUA) (1144) 646 (57) 498 (43) 0.003

Japoneseb (582) 493 (85) 89 (15) <0.001

Genotype GSTM1

Population (nº of individuals) POSITIVE (%) NULL (%) p

This study* (400) 233 (58) 167 (42) -

Rio de Janeiroc (Brazil) (591) 342 (58) 249 (42) 0.905

São Paulod (Brazil) (221) 120 (54) 101 (46) 0.341

Caucasiansg (Portugual) (325) 157 (48) 168 (52) 0.007

Afro-Americansf (EUA) (578) 441 (76) 137 (24) <0.001

Japoneseb (474) 224 (47) 250 (53) <0.001

Genotype GSTT1

Population (nº of  individuals) POSITIVE (%) NULL (%) p

This study* (404) 322 (80) 82 (20) -

Rio de Janeiroc (Brazil) (591) 441 (75) 150 (25) 0.062

São Paulod (Brazil) 221 178 (80) 43 (20) 0.802

Caucasiansg (Portugual) (329) 254(77) 75 (23) 0.412

Afro-Americansf (EUA) (584) 482 (83) 102 (17) 0.261

Japoneseb (288) 149 (52) 139(48) <0.001

Reference population; **Reference population = control group in this study; ª39; b14; c16; d40; e20; f6; g41.
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with PCa were detectable only after correlation 
with other factors. For example, Komiya et al. (14) 
showed an association between PCa and the GSTT1 
null genotype, only when the sample was stratified 
for smokers and non-smokers. The association was 
observed for the group of smokers: OR = 1.68, 95% 
CI = 1.06 to 2.68. Regarding the GSTP1 I105V poly-
morphism, Lavender et al. (6) showed that the ge-
notype Val / Val was significantly associated with 
PCa only when considered in conjunction with the 
positive GSTM1 genotype (OR = 2.11, 95% CI = 
1.07 to 4.16). Another study (31) showed that the 
Val / Val genotype was associated with an increa-
sed risk of PCa (OR = 1.85, 95% CI = 1.19 to 2.89) 
in Americans exposed to aromatic hydrocarbons 
(PAH). For the GSTM1 polymorphism, for example, 
Agalliu et al. (34) found an increased risk of PCa 
for the GSTM1 null genotype in U.S. Caucasians 
(OR = 1.54, 95% CI = 1.19 to 2.01). Subsequently, a 
meta-analysis of a sample of 4,564 cases and 5,464 
controls also showed an increase of 1.3 times the 
risk for PCa (OR = 1.33, 95% CI = 1.15 to 1.55) in 
individuals with the GSTM1 null genotype (33).

 The differences observed in susceptibility 
studies can be attributed to several factors such as 
sample size, differences in exposure to biological, 
chemical, or physical differences in genetic profi-
le and among populations. The evaluation of the 
combined effects of other susceptibility factors, 
including other polymorphisms, in a larger study 
population, could help determine the actual genetic 
role in the development of PCa.

 Variations in the frequencies of polymor-
phisms in the same population and among diffe-
rent ethnic groups (Table-3) reinforce the impor-
tance of being careful in planning epidemiological 
studies on the role of these polymorphisms in mo-
dulating susceptibility to cancer and other disea-
ses. Our results show that GST genotype frequen-
cies in the human population differ among ethnic 
and geographic groups. Interestingly, the observed 
frequencies quoted for the Brazilian population 
are average values of the frequencies found in 
Caucasians and Africans (Table-3), corroborating 
data on the mixing of these two dominant groups 
in southeastern Brazil (35).

 Studies in other regions of the coun-
try and with a larger sample size are needed to 

confirm our results; however, we believe that 
the identification of the genotypic profile of the 
sample certainly contributes important infor-
mation for the identification and reassessment 
of the role of these polymorphisms in a Brazi-
lian population.

CONCLUSIONS

 This is the first study that reports the ge-
notypic frequency of the GSTA1 polymorphism 
and its association with PCa in a Brazilian po-
pulation cohort. The distribution of genotype fre-
quencies for GSTM1, GSTT1, and GSTP1 I105V 
polymorphisms were not associated with risk of 
prostate cancer in the study sample. The distribu-
tion of allele and genotype frequencies of GSTA1, 
GSTM1, GSTT1 and GSTP1 I105V polymorphisms 
was statistically different from that of most of 
the populations compared, showing that a deeper 
study more specific to the Brazilian population is 
necessary to design preventive strategies to fight 
PCa and therapeutic follow-up differentiated from 
those for other populations.

ABBREVIATIONS

FIOCRUZ = Fundação Oswaldo Cruz 
GSTA1 = glutathione S-transferase Alpha 1
GSTM1 = glutathione S-transferase Mu 1 
GSTP1 = glutathione S-transferase Pi 1 
GSTT1 = glutathione S-transferase Theta 1 
HMK = Mario Kroeff Hospital 
INCA = Brazilian National Cancer Institute 
PCa = Prostate cancer 
PCR = Polymerase Chain Reaction 
PCR-RFLP = Restriction Fragment Length Poly-
morphism 
SNP = Single Nucleotide Polymorphisms 
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External beam radiation therapy and a low-dose-rate 
brachytherapy boost without or with androgen deprivation 
therapy for prostate cancer
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Purpose: To assess outcomes with external beam radiation therapy (EBRT) and a low-
-dose-rate (LDR) brachytherapy boost without or with androgen deprivation therapy 
(ADT) for prostate cancer.
Materials and Methods: From January 2001 through August 2011, 120 intermediate-
-risk or high-risk prostate cancer patients were treated with EBRT to a total dose of 
4,500 cGy in 25 daily fractions and a palladium-103 LDR brachytherapy boost of 
10,000 cGy (n = 90) or an iodine-125 LDR brachytherapy boost of 11,000 cGy (n = 30). 
ADT, consisting of a gonadotropin-releasing hormone agonist ± an anti-androgen, 
was administered to 29/92 (32%) intermediate-risk patients for a median duration of 4 
months and 26/28 (93%) high-risk patients for a median duration of 28 months.
Results: Median follow-up was 5.2 years (range, 1.1-12.8 years). There was no statis-
tically-significant difference in biochemical disease-free survival (bDFS), distant me-
tastasis-free survival (DMFS), or overall survival (OS) without or with ADT. Also, there 
was no statistically-significant difference in bDFS, DMFS, or OS with a palladium-103 
vs. an iodine-125 LDR brachytherapy boost.
Conclusions: There was no statistically-significant difference in outcomes with the 
addition of ADT, though the power of the current study was limited. The Radiation 
Therapy Oncology Group 0815 and 0924 phase III trials, which have accrual targets of 
more than 1,500 men, will help to clarify the role ADT in locally-advanced prostate 
cancer patients treated with EBRT and a brachytherapy boost. Palladium-103 and iodi-
ne-125 provide similar bDFS, DMFS, and OS.
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INTRODUCTION

Phase III studies have shown a dose-response 
relationship for prostate cancer (1). As a result, the 
National Comprehensive Cancer Network (NCCN) re-
commends use of escalated-dose radiotherapy, i.e., 
either external beam radiation therapy (EBRT) and a 
brachytherapy boost or EBRT alone to ≥ 7,800 cGy, 

for locally-advanced prostate cancer (2). Phase III 
trials have also demonstrated an overall survival (OS) 
benefit with the addition of androgen deprivation 
therapy (ADT) to EBRT to 6,500-7,000 cGy, which 
constitutes low-dose radiotherapy by today’s stan-
dards, for locally-advanced prostate cancer (1). Some 
have hypothesized that if escalated-dose radiotherapy 
is delivered, then the benefit to ADT may be lost (1,3).
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Two Radiation Therapy Oncology Group 
(RTOG) phase III trials are currently evaluating 
the role of ADT in prostate cancer patients trea-
ted with dose-escalated radiotherapy (1). Mature 
results from these studies are years away. Con-
sequently, the current role of ADT in interme-
diate-risk and high-risk prostate cancer patients 
treated with EBRT and a brachytherapy boost is 
unclear (1-3).

No phase III trials have evaluated outcomes 
with different low-dose-rate (LDR) brachytherapy 
sources when brachytherapy is used as a boost 
in combination with EBRT. A single prospective, 
randomized trial comparing palladium-103 LDR 
brachytherapy monotherapy with iodine-125 LDR 
brachytherapy monotherapy in patients with low-
-risk prostate cancer (2) demonstrated equivalent 
biochemical disease-free survival (bDFS) with sli-
ghtly different toxicity profiles based on the bra-
chytherapy source (4).

The primary goal of this retrospective stu-
dy is to assess outcomes with EBRT and a LDR 
brachytherapy boost in intermediate-risk and 
high-risk prostate cancer patients (2), including 
results without and with ADT. A secondary goal 
of this study is to assess outcomes with EBRT and 
a palladium-103 versus (vs.) an iodine-125 LDR 
brachytherapy boost.

MATERIALS AND METHODS

Patient Characteristics
 After obtaining investigational review bo-

ard approval, we reviewed 171 cases of clinically-
-localized prostate cancer treated with EBRT and 
a LDR brachytherapy boost between January 2001 
and August 2011. Patients were excluded if they 
had a low risk of recurrence as defined by the 
NCCN (2) or were treated with an EBRT dose other 
than 4,500 cGy in 25 fractions. One-hundred and 
twenty patients provided informed consent for 
treatment and were included in this analysis.

Characteristics of the intermediate-risk (n 
= 92) and high-risk (n = 28) patients are shown in 
Table-1. Characteristics of intermediate-risk pros-
tate cancer patients who did not or did receive 
ADT, including their percentage of positive pros-
tate biopsy cores (5), are presented in Table-2. The 

only known, statistically-significant difference in 
characteristics between intermediate-risk patients 
who did not and did receive ADT was their Ame-
rican Joint Commission on Cancer (AJCC) clinical 
tumor stage (p = 0.01, Table-2) (6). There were no 
significant differences in baseline characteristics 
between patients treated with a palladium-103 
versus an iodine-125 LDR brachytherapy boost.

EBRT and a LDR Brachytherapy Boost
In terms of the EBRT, 30 patients were tre-

ated with three-dimensional conformal radiation 
therapy and 90 patients were treated with intensi-
ty modulated radiation therapy (IMRT). Beginning 
in 2006, 4 fiducial gold markers were transrectally 
inserted under local anesthesia into the left and 
right mid lateral prostate and the prostatic base 
and apex prior to simulation (n = 91). The markers 
made it possible to determine the location of the 
prostate using electronic portal imaging immedia-
tely prior to each EBRT treatment and thereby de-
liver image-guided radiation therapy (7).

Patients were simulated with an empty 
rectum using a pelvic computed tomography (CT) 
scan with 0.3cm slices. Forty mL normal saline 
mixed with 10mL non-ionic contrast was injected 
into the bladder and urethra at the time of simu-
lation in order to perform a cystogram and ure-
throgram, respectively. The clinical target volume 
(CTV) for EBRT consisted of the prostate and infe-
romedial 1.0cm of the seminal vesicles as defined 
by CT scan. In cases with extraprostatic extension 
on magnetic resonance imaging (MRI) or biopsy, 
the CTV for EBRT was expanded to include disease 
outside of the prostate based on CT-MRI fusion. 
The planning target volume (PTV) consisted of the 
CTV with 0.5cm expansion posteriorly, inferiorly, 
and superiorly and 0.7cm expansion anteriorly 
and laterally. The minimum allowable dose delive-
red to the PTV was 93% of the prescribed dose, and 
the maximum allowable dose delivered to the PTV 
was 115% of the prescribed dose. At least 98% of 
the PTV received ≥ 95% of the prescribed dose (8). 
Rectal and bladder dose-volume histograms (DVHs) 
were created. The dosimetric goals for EBRT were 
that no more than 15% of the rectal volume should 
receive > 4,100 cGy and no more than 15% of the 
bladder volume should receive > 4,000 cGy.
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Table 1 - Characteristics of intermediate-risk and high-risk prostate cancer patients.

Characteristics
Intermediate-Risk and High-Risk 

Patients Combined, n (%)
Intermediate-Risk Patients, 

n (%)
High-Risk Patients, n 

(%)

Median Age (years, range) 65 (46, 82) 65 (46, 82) 66 (48, 77)

Race

Caucasian 98 (82) 73 (79) 25 (89)

African American 11 (9) 10 (11) 1 (4)

Unknown 11 (9) 9 (10) 2 (7)

Median Pre-treatment Prostate-
Specific Antigen (ng/mL, range)

6.5 (0.1, 118.0) 5.9 (0.1, 25.6) 7.8 (2.6, 118.0)

American Joint Committee on 
Cancer Clinical Tumor Stage

T1c 55 (46) 50 (54) 5 (18)

T2a 31 (26) 23 (25) 8 (29)

T2b 22 (18) 15 (16) 7 (25)

T2c 8 (7) 4 (4) 4 (14)

T3a 3 (2) 0 (0) 3 (11)

T3b 1 (1) 0 (0) 1 (4)

Gleason Score

6 9 (7) 9 (10) 0 (0)

3 + 4 = 7 62 (52) 61 (66) 1 (4)

4 + 3 = 7 26 (22) 22 (24) 4 (14)

8 12 (10) 0 (0) 12 (43)

9 10 (8) 0 (0) 10 (36)

10 1 (1) 0 (0) 1 (4)

Median Prostate Volume (mL, 
range)

31 (18, 71) 32 (18, 55) 31 (20, 71)

Low-Dose-Rate Brachytherapy 
Source

Palladium-103 90 (75) 69 (75) 21 (75)

Iodine-125 30 (25) 23 (25) 7 (25)

Four to 6 weeks prior to a LDR brachythe-
rapy boost, patients were evaluated by transrec-
tal ultrasound to assess pubic arch interference 
and prostate volume. One month after receiving 
EBRT to 4,500 cGy, patients underwent a LDR 

brachytherapy boost according to American Bra-
chytherapy Society consensus guidelines (9). Brie-
fly, patients were placed under general anesthesia 
and 14-24 interstitial needles were advanced into 
the prostate. The CTV for the brachytherapy boost 
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Table 2 - Characteristics of intermediate-risk prostate cancer patients who underwent EBRT and a LDR brachytherapy boost 
without (n = 63) or with (n = 29) ADT.

Characteristics Intermediate-Risk 
Patients, n (%)

No Androgen Deprivation 
Therapy, n (%)

Androgen Deprivation 
Therapy, n (%)

p-Value

Median Age (years, range) 65 (46, 82) 64 (46, 79) 67 (50, 82) 0.06

Race 0.81

Caucasian 73 (79) 49 (78) 24 (83)

African American 10 (11) 7 (11) 3 (10)

Unknown 9 (10) 7 (11) 2 (7)

Median Pre-treatment 
Prostate-Specific Antigen (ng/
mL, range)

5.9 (0.1, 25.6) 5.8 (2.5, 25.6) 6.4 (0.1, 20) 0.58

American Joint Committee on 
Cancer Clinical Tumor Stage

0.01

T1c 50 (54) 39 (62) 11 (38)

T2a 23 (25) 17 (27) 6 (21)

T2b 15 (16) 6 (10) 9 (31)

T2c 4 (4) 1 (2) 3 (10)

Gleason Score 0.18

6 9 (10) 4 (6) 5 (17)

3 + 4 = 7 61 (66) 45 (71) 16 (55)

4 + 3 = 7 22 (24) 14 (22) 8 (28)

> 50% Positive Prostate 
Biopsy Cores

27 (29) 17 (27) 10 (34) 0.46

Median Prostate Volume
(mL, range)

32 (18, 55) 32 (18, 55) 32 (18, 53) 0.65

Low-Dose-Rate 
Brachytherapy Source

0.70

Palladium-103 69 (75) 48 (76) 21 (72)

Iodine-125 23 (25) 15 (24) 8 (28)

consisted of the prostate as defined by CT scan. 
In cases with extraprostatic extension on MRI or 
biopsy, the CTV was expanded to include disease 
outside of the prostate with a 0.3cm margin. The 
PTV was the same as the CTV. The PTV was tre-
ated with either a single palladium-103 (Pd-103) 
LDR brachytherapy boost of 10,000 cGy (n = 90) 
or a single iodine-125 (I-125) LDR brachytherapy 

boost of 11,000 cGy (n = 30). One to two months 
following a LDR brachytherapy boost, a pelvic CT 
scan with 0.3cm cuts was obtained for dosime-
tric calculations. Prostate doses were recorded as 
the minimum dose that covered more than 90% of 
the prostate volume expressed as a percentage of 
the prescription dose (prostate D90, goal > 90% and 
< 130%). Prostate volumes were recorded as the 
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fractional volume of the prostate that received 
100% of the prescribed dose (prostate V100, goal 
> 90%), 150% of the prescribed dose (prostate 
V150, goal > 50%), and 200% of the prescribed 
dose (prostate V200, goal > 25%). The urethral 
volume was recorded as the fractional volume 
of the urethra that received 150% of the prescri-
bed dose (urethra V150, goal < 10%).

ADT
 ADT always consisted of a gonadotro-

pin-releasing hormone agonist. In a minority of 
cases, ADT also included an anti-androgen. The 
median duration of a gonadotropin-releasing 
hormone agonist was 4 months for interme-
diate-risk disease and 28 months for high-risk 
disease. The median duration of an anti-andro-
gen was one month starting two weeks prior to 
the gonadotropin-releasing hormone agonist. 
Twenty-nine of 92 (32%) intermediate risk pa-
tients and 26/28 (93%) high-risk patients recei-
ved ADT.

Statistics

Statistical analysis was performed using 
Statistical Product and Service Solutions version 
21.0 (SPSS®, Chicago, IL). Two or more nominal 
variables were compared using a two-sided Chi-
-squared test. A two-tailed Wilcoxon-rank sum 
test was used to compare two continuous varia-
bles. Biochemical disease-free survival, distant 
metastasis-free survival (DMFS), and OS were 
analyzed. Biochemical disease-free survival was 
defined according to the the RTOG-ASTRO Pho-
enix Consensus Conference as the time from 
EBRT start to prostate specific antigen (PSA) 
failure, i.e., a PSA increase ≥ 2.0ng/mL from the 
nadir value (10). Distant metastasis-free survi-
val was defined as the time from the start of 
EBRT to distant metastasis or death, and ove-
rall survival was defined as the time from the 
start of EBRT to death. Biochemical disease-free 
survival, DMFS, and OS were calculated using 
the Kaplan-Meier method and differences in ou-
tcomes were calculated using the log-rank test. 
Since only two high-risk patients did not re-
ceive ADT, there was insufficient statistical po-

wer to compare bDFS, DMFS, and OS without 
vs. with ADT in this recurrence risk group. A 
Cox multivariate model was created using all 
pretreatment variables to look for independent 
associations between patient characteristics and 
bDFS, DMFS, and OS. An α (type I) error < 0.05 
was considered statistically significant.

RESULTS

 Median follow-up was 5.2 years (range, 
1.1-12.8 years). Five patients experienced bio-
chemical failure, 3 patients developed radiogra-
phic evidence of distant metastases, and 7 pa-
tients died. Median time to PSA failure was 4.4 
years (range, 1.0-5.7 years) and median time to 
the development of distant metastasis was 6.8 
years (range, 5.5-9.9 years).

Biochemical disease-free survival, DMFS, 
and OS for intermediate-risk patients who did 
not and did receive ADT are presented in Figu-
re-1. Five-year bDFS, DMFS, and OS rates for 
intermediate-risk patients without vs. with ADT 
were 94% vs. 100% (p = 0.65), 96% vs. 100% (p = 
0.59), and 96% vs. 100% (p = 0.48), respectively.

Biochemical disease-free survival, DMFS 
and OS for high-risk patients who did not and 
did receive ADT are presented in Figure-2. Five-
-years bDFS, DMFS, and OS rates for high-risk 
patients without vs with ADT were 100% vs. 88% 
(p = 0.62), 100% vs. 100% (p = 0.74), and 100% 
vs. 100% (p = 0.99), respectively.

There was no statistically-significant 
difference in bDFS or DMFS (p = 0.18 and p 
= 0.06, respectively) between patients treated 
with a palladium-103 compared with an iodi-
ne-125 LDR brachytherapy boost. Based upon a 
log-rank test, OS was longer in patients treated 
with an iodine-125 LDR brachytherapy boost 
(5-years OS rates: 100% vs. 96%, respectively; 
p = 0.048; Figure-3). However, on Cox multiva-
riate-regression analysis, brachytherapy source 
was not significantly associated with OS (p = 
0.95). Instead, age was the only variable signi-
ficantly associated with OS (hazard ratio (HR) 
1.26, 95% confidence interval (CI) 1.04-1.53, p 
= 0.02, and HR 1.29, 95% CI 1.05-1.57, p = 
0.02, respectively).
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Figure 2 - Kaplan-Meier estimates of bDFS (a), DMFS (b), 
and OS (c) in high-risk prostate cancer patients treated with 
EBRT and a LDR brachytherapy boost without (__) or with 
(…) ADT.

Figure 1 - Kaplan-Meier estimates of bDFS (a), DMFS (b), 
and OS (c) in intermediate-risk prostate cancer patients 
treated with EBRT and a LDR brachytherapy boost without 
(__) or with (…) ADT.
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DISCUSSION

Two retrospective studies have examined 
outcomes with ADT in combination with EBRT to 
total doses ≥ 7,560 cGy. Castle et al. (11) found a 
freedom-from-failure benefi t with the addition of 
ADT to EBRT to 7,560-7,800 cGy in “unfavora-
ble” (Gleason score 4+3=7 or AJCC clinical T2c 
disease) intermediate-risk patients. There was no 
benefi t to ADT in “favorable” (Gleason score 6 and 
≤ clinical T2b disease or Gleason score 3+4 and 
≤ clinical T1c disease) intermediate-risk patients. 
Zumsteg et al. (12) demonstrated an improvement 
in bDFS, DMFS, and prostate-cancer specifi c mor-
tality with the addition of ADT to EBRT to ≥ 8,100 
cGy in intermediate-risk patients. They did not se-
parate intermediate-risk patients into unfavorable 
and favorable subgroups.

Outcomes with EBRT and ADT may not be 
comparable to those with EBRT, a LDR brachythe-
rapy boost, and ADT. Assuming an α/β ratio of 1.5 
for prostate cancer (13), the biologically effective 
doses (BED1.5) with EBRT to a total dose of 8,100 
cGy in 45 fractions, EBRT to a total dose of 4,500 
cGy in 25 fractions in combination with a Pd-
103 LDR brachytherapy boost of 10,000 cGy, and 
EBRT to a total dose of 4,500 cGy in 25 fractions 
in combination with an I-125 LDR brachytherapy 
boost of 11,000 cGy are 17,820 cGy, 19,000 cGy, 
and 20,000 cGy, respectively. As a result, EBRT 

and a LDR brachytherapy boost deliver approxi-
mately a 7-12% higher BED1.5 than EBRT alone.

A brachytherapy boost offers a potential 
radiobiological benefi t over conventionally-frac-
tionated EBRT by delivering hypofractionated 
treatment, which may increase the sensitivity of 
prostate cancer to radiation therapy by favorably 
affecting the α/β ratio (14-16). This may, in part, 
explain why some have observed improved bDFS 
with EBRT and a brachytherapy boost compared 
with EBRT alone, though there is a greater risk of 
late urinary, e.g., urethral, toxicity (17).

Koontz et al. (18) assessed outcomes with 
EBRT to 4,600 cGy and a LDR brachytherapy boost 
(10,000 cGy for Pd-103 and 12,000 cGy for I-125) 
in 199 patients with low-risk (20%), intermediate-
-risk (47%), or high-risk (33%) prostate cancer. 
Forty-fi ve percent of patients received ADT. They 
reported a 5-year bDFS rate of 87% for all patients 
and 81% in high-risk patients. Their study did not 
assess the role of ADT. Fang et al. (19) observed 
a 5-years bDFS rate of 92% with EBRT to 4,500 
cGy and a 9,000-10,000 cGy palladium-103 LDR 
brachytherapy boost without or with ADT in hi-
gh-risk patients. In the current study, the 5-years 
bDFS rates were 96% and 89%, respectively, in 
intermediate-risk patients (Figure-1A) and high-
-risk patients (Figure-2A).

In high-risk patients who undergo LDR 
brachytherapy ± EBRT, it is unclear whether the 
addition of ADT improves bDFS. Merrick et al. (20) 
observed a bDFS, but no cause-specifi c survival 
or OS, benefi t to ADT in high-risk patients treated 
with LDR brachytherapy ± EBRT (95% of patients 
received EBRT). Similarly, Stone et al. (21) repor-
ted a bDFS, but no DMFS or OS, benefi t to ADT in 
patients with a Gleason score 7-10 who underwent 
LDR brachytherapy ± EBRT (58% of patients re-
ceived EBRT). However, many other retrospective 
studies have found no bDFS, DMFS, or OS benefi t 
to ADT in intermediate-risk or high-risk patients 
treated with EBRT and a brachytherapy boost 
(19,22-26). Similarly, in this study, there was no 
signifi cant bDFS, DMFS, or OS benefi t to ADT in 
intermediate-risk patients treated with EBRT and 
a LDR brachytherapy boost (Figure-1). There were 
too few high-risk patients treated without ADT (n 
= 2) to do a meaningful comparison of outcomes 

Figure 3 - Kaplan-Meier estimates of OS in intermediate-
risk prostate cancer patients treated with EBRT and 
a palladium-103 (…) or an iodine-125 (__) LDR 
brachytherapy boost.
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without vs. with ADT (Figure-2). Vargas et al. (27) 
observed worse DMFS, prostate-cancer specific 
survival, and OS in patients with a Gleason score 
8-10, palpable disease, and a PSA ≥15 ng/mL who 
received ADT. It is possible that patients who re-
ceived ADT may have had a history of congestive 
heart failure or myocardial infarction, accounting 
for the poor outcomes with ADT in that report (28).

ADT causes significant impairment of heal-
th-related quality of life (29). The detrimental effect 
of ADT on quality of life needs to be considered 
since the benefit of ADT is unclear in prostate can-
cer patients undergoing EBRT and a brachytherapy 
boost (1,3,29).

No phase III trials evaluating the role of 
ADT in locally-advanced prostate cancer patients 
treated with EBRT and a brachytherapy boost have 
been reported to date, though two trials are on-
going (1). These trials will help to define the role 
of ADT in intermediate-risk and high-risk patients 
treated with EBRT and a brachytherapy boost. 
RTOG 0815 randomizes intermediate-risk patients 
to dose-escalated radiotherapy alone vs. dose-es-
calated radiotherapy combined with 6 months of 
ADT consisting of a gonadotropin-releasing hor-
mone agonist and an anti-androgen. Dose esca-
lation can be achieved with EBRT alone or EBRT 
and a brachytherapy boost. The hypothesis of the 
study is that ADT will improve the 5-years OS rate 
from 90.0% to 93.3%. Based on a power of 85% 
and a one-sided log-rank test with a significance 
of 0.025, the required sample size is 1,520 patients. 
The projected year of accrual completion for RTOG 
0815 is 2016. RTOG 0924 randomizes unfavorable 
intermediate-risk and favorable high-risk patients 
to ADT with EBRT to the prostate and seminal vesi-
cles vs. ADT with EBRT to the whole pelvis followed 
by a boost to the prostate and seminal vesicles. The 
boost can be delivered with IMRT or brachytherapy. 
ADT is given for 6 months or 32 months. The target 
accrual is 2,580 patients, and the projected year of 
accrual completion for RTOG 0924 is 2024.

 In this study, there was no statistically-
-significant difference in bDFS, DMFS, or OS on 
multivariate analysis between patients treated with 
a palladium-103 compared with an iodine-125 LDR 
brachytherapy boost. These findings are in accor-
dance with the literature (30).

 The current study is limited by its retros-
pective nature, which gave rise to selection bias. 
Specifically, intermediate-risk patients were more 
likely to receive ADT if they had a more advan-
ced clinical tumor stage (Table-2). Nevertheless, 
this one feature, by itself, should not lead to worse 
outcomes in patients with an intermediate risk of 
recurrence (31). Another weakness of the present 
study is that it was not powered to detect a 3% im-
provement in the 5-years OS rate due to ADT (more 
than 1,500 men would be required). Also, the dura-
tion of follow up was limited. Pending the results of 
RTOG 0815 and 0924, use of ADT should be based 
upon an informed discussion of possible risks and 
benefits with prostate cancer patients who undergo 
EBRT and a brachytherapy boost (1-3).

CONCLUSIONS

 EBRT and a LDR brachytherapy boost pro-
vided excellent outcomes in intermediate-risk and 
high-risk prostate cancer patients. There was no 
statistically significant difference in bDFS, DMFS, 
or OS without or with ADT, though the power 
was limited. The RTOG 0815 and 0924 phase III 
trials, which have a target accrual of over 1,500 
men, will help to clarify the role ADT in locally-
-advanced prostate cancer patients treated with 
EBRT and a brachytherapy boost. There was no 
statistically-significant difference in bDFS, DMFS, 
or OS with a palladium-103 vs an iodine-125 LDR 
brachytherapy boost.

ABBREVIATIONS

ADT = androgen deprivation therapy 
AJCC = American Joint Commission on Cancer 
bDFS = biochemical disease-free survival
BED = biologically effective dose
CI = confidence interval
CT = computed tomography
CTV = clinical target volume
DMFS = distant metastasis-free survival
DVH = dose-volume histogram
EBRT = external beam radiation therapy
HR = hazard ratio
I-125 = iodine-125
IMRT = intensity modulated radiation therapy
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LDR = low-dose-rate
MRI = magnetic resonance imaging
OS = overall survival
Pd-103 = palladium-103
PSA = prostate-specific antigen
RTOG = Radiation Therapy Oncology Group
vs. = versus
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Purpose: To assess the clinical utility of the prostate-specific antigen mass ratio (PSA-
-MR), a newly developed PSA derivative, simply defined as the (i) PSA density (PSA-D) 
multiplied by the plasma volume or (ii) total PSA amount in circulation per prostate 
volume, for predicting prostate cancer (PCa) among men undergoing repeated prostate 
biopsy (PBx).
Materials and Methods: Patients (n = 286), who underwent a repeated PBx, were 
analyzed. The various parameters associated with PCa detection were noted in each 
patient. PSA-MR was also calculated.
Results: PCa was detected in 63 (22.0%) of 286 patients. PSA-MR was the independent 
predictor in the univariate- and multivariate logistic regression analyses (OR = 3.448, p 
= 0.001 and OR = 13.430, p = 0.033, respectively). A nomogram that incorporated PSA-
-MR was considered a useful tool (predictive accuracy: 79.2%, 95% CI: 0.726-0.858, 
p < 0.001). Furthermore, a nomogram that incorporated PSA-MR would have avoided 
59.6% of unnecessary repeated PBx. The predictive accuracy of PSA-MR was also su-
perior to that of PSA or PSA-D (p = 0.013 and 0.009, respectively).
Conclusions: PSA-MR was an independent predictor, and its consideration would have 
avoided 59.6% of unnecessary repeated PBx for PCa detection. PSA-MR was also supe-
rior than PSA or PSA-D. Our results support the use of PSA-MR to facilitate counseling 
with patients after a negative initial PBx, and use of PSA-MR might reduce further 
unnecessary biopsies.
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INTRODUCTION

Thirty percent of prostate cancer (PCa) cases 
are unfortunately missed during the initial pros-
tate biopsy (PBx), although PBx is the diagnostic 
procedure of choice for PCa detection (1,2). Since 
negative initial PBx cannot conclusively exclude 
the presence of PCa, many men undergo repeated 

PBx. However, not all men have a high risk of PCa 
after a negative initial PBx (3), and repeated PBx 
could increase the risks of PBx-associated com-
plications such as infection. Furthermore, repeated 
PBx could be associated with high economic and 
psychological costs. Therefore, it is important to 
predict PCa after a negative initial PBx in order to 
reduce further unnecessary biopsies.
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 Various clinical and pathological findings 
have historically been considered risk factors for 
PCa after a negative initial PBx. These include age, 
digital rectal examination (DRE), prostate volume, 
prostate-specific antigen (PSA), and its derivati-
ves such as PSA velocity (PSA-V) and PSA density 
(PSA-D), high grade prostatic intraepithelial neo-
plasia (HGPIN), and atypical small acinar prolife-
ration (ASAP) (4). Among these risk factors, PSA-
-related parameters are widely used to predict PCa 
after a negative initial PBx. However, clinical evi-
dence is lacking with regard to the ability of PSA-
-related parameters to identify patients for whom 
repeated PBx is warranted (5,6).

 The parameter called the PSA mass ratio 
(PSA-MR) was recently suggested as a PCa scree-
ning tool by Choi et al. (7). One of the biggest draw-
backs of the PSA test is that various factors can in-
fluence the PSA level (8-12). Therefore, the authors 
examined the effects of various factors on PSA le-
vels in a screening population, and finally devised 
the PSA-MR. PSA-MR is simply defined as the (i) 
PSA-D multiplied by the plasma volume or (ii) total 
PSA amount in circulation per prostate volume. The 
authors suggested that the PSA-MR might be more 
stable than PSA, when the body mass index (BMI), 
plasma volume, and prostate volume change.

 The present study assessed the clinical uti-
lity of PSA-MR for predicting PCa among men un-
dergoing repeated PBx.

MATERIALS AND METHODS

 After receiving approval from the rele-
vant institutional review board, a PBx database 
maintained at a single institution was reviewed. 
Between May 2003 and March 2011, a total of 292 
patients underwent a repeated multi (≥ 12)-core 
transrectal ultrasonography (TRUS)-guided PBx 
after a negative initial PBx. A repeated PBx was 
performed based on suspicious findings on DRE 
(n = 17), TRUS (n = 46), previous ASAP (n = 35), 
HGPIN (n = 15) and/or PSA > 4.0ng/mL (n = 263). 
Among these patients, those who had undergone 
prior PBx at other institutions, who had been sur-
gically treated for prostatic disease prior to repea-
ted PBx, or who were taking medication known to 
influence PSA levels such as 5-α reductase inhi-

bitors were excluded. Finally, 286 patients were 
included in this study.

 The parameters noted for each patient were 
age, BMI, DRE and TRUS findings, prostate volume, 
number of cores removed, interval between initial 
and repeated PBx, pathologic characteristics of ini-
tial PBx such as HGPIN and ASAP, and PSA, and 
its derivatives such as the percentage of free PSA 
(%fPSA), PSA-V, PSA doubling time (PSA-DT), and 
PSA-D. PSA-MR was also calculated and noted for 
each patient.

 DRE and TRUS findings were classified as 
normal or suspicious for PCa. The prostate volume 
was routinely measured according to the prolate 
ellipsoid formula via TRUS before undergoing PBx. 
The prostate was routinely bilaterally biopsied near 
the apex, mid-gland, and base, with 6 biopsies per 
side. Suspicious lesions were additionally biopsied. 
Pathologic PBx findings were assessed by the refer-
red pathologist. The %fPSA was calculated as the 
ratio of free-to-total PSA, multiplied by 100. PSA-
-V was calculated based on the slope obtained by 
fitting a linear regression analysis, using all PSA 
values and the equation: p = at + b (13). PSA-DT 
was calculated based on the natural logarithm of 
2-divided by the slope obtained through fitting a li-
near regression of the natural logarithm of PSA on 
time (14). PSA-D was calculated as the PSA value 
divided by the prostate volume.

 PSA-MR (μg/mL) was defined as the (i) 
PSA-D multiplied by the plasma volume or (ii) the 
total PSA amount in circulation per prostate volu-
me. Body surface area, plasma volume, PSA mass, 
and PSA-MR were estimated using the following 
equations (7):

Body surface area (m2) = body weight 
(kg)0.425 x height (m)0.725 x 0.007184 (15).

Plasma volume (l) = body surface area (m2) 
x 1.670 (16).

PSA mass (μg)=PSA (ng/mL) x plasma vo-
lume (l) (17).

PSA-MR (μg/mL)=PSA mass (μg)/prostate 
volume (mL).

 To compare the parameter distributions ac-
cording to the presence of PCa in a repeated PBx 
cohort, Student’s t-test or Mann-Whitney test and 
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Chi-square test were used in the comparison of 
continuous and categorical variables, respectively. 
A univariate logistic regression analysis was used 
to assess the associations between the parameters 
and PCa prediction on repeated PBx. Subsequen-
tly, a multivariate logistic regression analysis was 
performed with the statistically significant parame-
ters from the univariate analysis, in order to assess 
the independence of PSA-MR. PSA-D was exclu-
ded in the multivariate analysis that incorporated 
PSA-MR, due to multi-collinearity issue (tolerance 
value = 0.303). Nomograms that did and did not 
incorporate PSA-MR were generated with the mul-
tivariate regression coefficients. Next, receiver ope-
rating characteristic (ROC)-derived areas under the 
curves (AUCs) were estimated and compared with 
the DeLong et al. test. The ROC curve cut-off value 
was estimated with the maximum Youden index. 
Furthermore, the sensitivity, specificity, positive 
predictive value (PPV) and negative predictive va-
lue (NPV) were calculated, and compared with the 
proportional paired test. The proportion of avoided 
unnecessary repeated PBx (PAB) was also estimated 
with the following equation (5): (number of false 
positives nomogram not incorporating PSA-MR - number of false 
positives nomogram incorporating PSA-MR) ÷ number of false 
positives nomogram not incorporating PSA-MR. At fixed sensiti-
vity thresholds, which were set at 90 and 95%, the 
specificity, PPV, NPV and PAB were also calculated 
and compared, in order to specifically simulate the 
requirements of a PSA-MR.

 To compare PSA-MR individually with PSA 
and other derivatives, ROC-AUCs were used and 
compared with the DeLong et al. test.

 All p values were 2-sided, and p < 0.05 was 
considered significant.

RESULTS

 Table-1 shows the descriptive characteris-
tics of the 286 patients who underwent a repeated 
PBx. PCa was detected in 63 (22.0%) of these 286 
patients. Patients with PCa differed significantly 
from those without PCa in several parameters. Pa-
tients with PCa tended to be older (p = 0.004) and 
to have higher suspicious DRE finding ratios (p = 
0.026), smaller prostates (p = 0.001), and greater 
previous ASAP ratios (p = 0.001). The mean PSA-

-V and PSA-MR levels were also higher in patients 
with PCa (p = 0.001 and 0.025, respectively). In 
contrast, there was no association with respect to 
PSA (p = 0.526), %fPSA (p = 0.084), PSA-DT (p = 
0.421), or PSA-D (p = 0.306).

 In univariate logistic regression analyses 
(Table-2), age (odds ratio (OR) = 1.060, p = 0.005), 
a suspicious DRE finding (OR = 3.359, p = 0.025), 
prostate volume (OR = 0.973, p = 0.003), previous 
ASAP (OR = 5.547, p < 0.001), PSA (OR = 1.038, p 
= 0.038), PSA-V (OR = 1.066, p = 0.019), and PSA-
-D (OR = 7.399, p = 0.049) were significantly as-
sociated with the repeated PBx outcome. PSA-MR 
was also significantly associated with outcome (OR 
= 3.448, p = 0.001). A multivariate logistic regres-
sion model that did not incorporate PSA-MR sho-
wed that age (OR = 1.090, p = 0.001), prostate vo-
lume (OR = 0.940, p < 0.001), and previous ASAP 
(OR = 7.261, p < 0.001) were independent predic-
tors of the repeated PBx outcome (Table-3). When 
PSA-MR was incorporated into the multivariate 
logistic regression model, age and previous ASAP 
remained independent predictors (OR = 1.115 and 
8.946, respectively; p < 0.001 for both). PSA-MR 
was also an independent predictor of the repeated 
PBx outcome (OR = 13.430, p = 0.033; Table-3).

 A multivariate model that incorporated 
PSA-MR was considered a useful tool (predicti-
ve accuracy = 79.2%, 95% CI = 0.726-0.858, p < 
0.001). The model that incorporated PSA-MR was 
not inferior with respect to predictive accuracy (p 
= 0.853), sensitivity (p = 0.143), PPV (p = 0.063) 
or NPV (p = 0.901), when compared with the mo-
del that did not incorporate PSA-MR. Furthermore, 
the model that incorporated PSA-MR was superior 
with respect to specificity (p < 0.001), and use of 
this model would have avoided 59.6% of unne-
cessary repeated PBx (Table-4). At fixed sensitivity 
thresholds of 90% and 95%, use of the model that 
incorporated PSA-MR would also have avoided 
9.2% and 5.9% of unnecessary repeated PBx, res-
pectively (Table-4).

 When compared individually with the 
PSA-related parameters, the predictive accuracy 
of PSA-MR was 59.2% (95% CI = 0.506-0.678, 
p = 0.025), which was superior to those of PSA, 
%fPSA, PSA-DT or PSA-D (p = 0.013, 0.022, 0.019, 
and 0.009, respectively; Table-5).
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Table 1 - Associations of different variables according to the presence of prostate cancer in the entire repeated biopsy cohort.

Variables Total cohort
(n = 286)

Prostate cancer
(n = 63)

No prostate Cancer
(n = 223)

p value

Age, years, mean ± SD 64.5 ± 7.8 67.0 ± 6.7 63.9 ± 7.9 0.004

BMI, kg/m2, mean ± SD 24.3 ± 2.3 24.2 ± 2.3 24.4 ± 2.3 0.600

Suspicious DRE, n (%) 15 (5.2) 7 (11.1) 8 (3.6) 0.026

Suspicious TRUS, n (%) 45 (15.7) 12 (20.7) 33 (15.4) 0.338

Prostate volume, mL, mean ± SD 50.5 ± 21.9 43.4 ± 16.2 52.6 ± 22.9 0.001*

No. biopsy cores, mean ± SD 13.2 ± 1.2 13.1 ± 1.1 13.3 ± 1.2 0.317

II Interval from previous biopsy, months, 
mean ± SD

27.2 ± 19.0 26.2 ± 22.3 27.4 ± 17.9 0.214*

Previous ASAP, n (%) 33 (11.5) 18 (28.6) 15 (6.7) 0.001

Previous HGPIN, n (%) 10 (3.5) 3 (4.8) 7 (3.1) 0.463

PSA, ng/mL, mean ± SD 9.99 ± 7.21 11.73 ± 10.94 9.50 ± 5.67 0.526*

%fPSA, %, mean ± SD 19.65 ± 10.64 15.52 ± 6.94 20.99 ± 11.33 0.084

PSA-V, ng/mL/year, mean ± SD 2.58 ± 4.63 3.87 ± 6.09 2.21 ± 4.07 0.001*

PSA-DT, months, mean ± SD 83.40 ± 176.46 83.48 ± 173.47 83.38 ± 177.84 0.421*

PSA-D, ng/mL/mL, mean ± SD 0.23 ± 0.13 0.26 ± 0.17 0.22 ± 0.12 0.306*

PSA-MR, ug/mL, mean ± SD 0.49 ± 0.38 0.65 ± 0.59 0.45 ± 0.28 0.025*

SD = standard deviation; IQR = interquartile range; BMI = body mass index, DRE = digital rectal examination; TRUS = transrectal ultrasonography; No. = number, ASAP 
= atypical small acinar proliferation; HGPIN = high grade prostatic intraepithelial neoplasia; PSA = prostate-specific antigen; %fPSA = percent of free prostate-specific 
antigen; PSA-V = prostate-specific antigen velocity; PSA-DT = prostate-specific antigen doubling time; PSA-D = prostate-specific antigen density, PSA-MR = prostate-
specific antigen mass ratio.

* Non-parametric comparison.

DISCUSSION

 After the introduction of the PSA test in the 
1980s (18), PSA is among the most widely used pa-
rameters for predicting PCa detection. Various PSA 
derivatives were also devised to enhance the predic-
tive accuracy for PCa detection, and these have also 
become widely used (4). However, clinical evidence 
regarding the efficacy of PSA and its derivatives to 
identify PCa in patients referred for a repeated PBx 
is still lacking (5,6), although the clinical utilities of 
these parameters in guiding repeated PBx decisions 
have been reported (2,19-21).

 The biggest drawback of the PSA test is its 
low predictive accuracy for PCa detection. Since PSA 
is not a PCa-specific marker, elevated blood levels 
could be driven by various conditions (8). PSA is in-
fluenced by the prostate size or androgens (8,9). Age, 
ethnicity, and obesity also influence PSA levels (10-
12). None of the currently used PSA cut-offs consis-
tently identify PCa and exclude non-PCa (11). Con-
cerns regarding the predictive accuracy of PSA have 
led investigators to evaluate additional methods of 
PSA analysis. However, as mentioned, these methods 
still have limitations with regard to clinical utility for 
the guidance of repeated PBx decisions (5,6).
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Table 2 - Univariate logistic regression analyses of predictors of prostate cancer detection during a repeated biopsy.

Variables OR 95% CI p value

Age 1.060 1.018–1.104 0.005

BMI 0.968 0.859–1.092 0.599

Suspicious DRE 3.359 1.168–9.659 0.025

Suspicious TRUS 1.431 0.686–2.986 0.340

Prostate volume 0.973 0.956–0.991 0.003

No. biopsy cores 0.881 0.689–1.128 0.316

Interval from previous biopsy 0.996 0.981–1.012 0.652

Previous ASAP 5.547 2.601–11.827 < 0.001

Previous HGPIN 1.543 0.387–6.148 0.539

PSA 1.038 1.002–1.075 0.038

%fPSA 0.929 0.854–1.011 0.088

PSA-V 1.066 1.011–1.125 0.019

PSA-DT 1.000 0.998–1.002 0.997

PSA-D 7.399 1.008-54.286 0.049

PSA-MR 3.448 1.670–7.115 0.001

OR = odds ratio; CI = confidence interval; BMI = body mass index; DRE = digital rectal examination; TRUS = transrectal ultrasonography; No. = number; ASAP = atypical 
small acinar proliferation; HGPIN = high grade prostatic intraepithelial neoplasia; PSA = prostate-specific antigen; %fPSA = percent of free prostate-specific antigen; PSA-V = 
prostate-specific antigen velocity; PSA-DT = prostate-specific antigen doubling time; PSA-D = prostate-specific antigen density; PSA-MR = prostate-specific antigen mass ratio.

Table 3 - Multivariate logistic regression analyses of predictors of prostate cancer detection during repeated biopsy, according 
to the incorporation of PSA mass ratio.

Variables No incorporation of PSA-MR Incorporation of PSA-MR

OR 95% CI p value OR 95% CI p value

Age 1.090 1.038-1.145 0.001 1.115 1.058-1.174 < 0.001

Suspicious DRE 2.927 0.877-9.769 0.081 2.812 0.830-9.533 0.097

Prostate volume 0.940 0.911-0.970 < 0.001 0.976 0.945-1.008 0.142

Previous ASAP 7.261 3.028-17.407 < 0.001 8.946 3.683-21.732 < 0.001

PSA 1.104 1.000-1.218 0.050 0.936 0.826-1.062 0.306

PSA-V 1.037 0.959-1.121 0.368 1.026 0.943-1.116 0.548

PSA-D 0.050 0.001-8.628 0.255 *

PSA-MR - - - 13.430 1.240-145.478 0.033

OR = odds ratio; CI = confidence interval; DRE = digital rectal examination; ASAP = atypical small acinar proliferation; PSA = prostate-specific antigen; PSA-V = prostate-
specific antigen velocity; PSA-D = prostate-specific antigen density; PSA-MR = prostate-specific antigen mass ratio.

* PSA-D was excluded in the analysis that incorporated PSA-MR, due to a multicollinearity issue (tolerance value: 0.303).
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Table 4 - Comparison of the utilities of nomograms for the prediction of prostate cancer during repeated biopsy, according to 
the incorporation of the prostate-specific antigen mass ratio.

Criteria Variables No inclusion of PSA-MR Inclusion of PSA-MR p value

By Youden index* Threshold value 0.227 0.367

Sensitivity (%) 68.3 54.0 0.143

Specificity (%) 77.1 91.0 < 0.001

PPV (%) 45.7 62.9 0.063

NPV (%) 89.6 87.5 0.901

PAB (%) Reference 59.6

At 90% sensitivity Threshold value 0.100 0.103

Specificity (%) 36.8 42.6 0.245

PPV (%) 28.8 30.8 0.752

NPV (%) 93.2 94.1 0.880

PAB (%) Reference 9.2

At 95% sensitivity Threshold value 0.087 0.087

Specificity (%) 31.8 36.3 0.369

PPV (%) 28.3 29.7 0.837

NPV (%) 95.9 96.4 0.993

PAB (%) Reference 5.9

PSA = prostate-specific antigen, PSA-MR = prostate-specific antigen mass ratio, PPV = positive predictive value, NPV = negative predictive value, PAB = proportion that 
avoided unnecessary repeated prostate biopsy.

*Threshold value was estimated using the Youden index maximum.

Table 5 - Comparison of predictive accuracies of prostate cancer detection for the prostate-specific antigen and its derivatives 
with the receiver-operating characteristic-derived area under the curve.

Variables ROC-derived AUC 95% CI p value of 
AUC

p value of comparison with AUC 
for PSA-MR

PSA-MR 0.592 0.506-0.678 0.025 Reference

PSA 0.526 0.438-0.614 0.526 0.013

%fPSA 0.361 0.204-0.518 0.108 0.022

PSA-V 0.641 0.569-0.713 0.001 0.013

PSA-DT 0.474 0.391-0.557 0.527 0.019

PSA-D 0.542 0.456-0.628 0.306 0.009

AUC = area under the curve; CI = confidence interval; ROC = receiver operating characteristics; PSA-MR = prostate-specific antigen mass ratio; PSA = prostate-specific 
antigen; %fPSA = percent of free prostate-specific antigen; PSA-V = prostate-specific antigen velocity; PSA-DT = prostate-specific antigen doubling time; PSA-D = 
prostate-specific antigen density.
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 The use of PSA-MR, the newly devised PSA 
derivative for PCa prediction, was recently proposed 
by Choi and colleagues (7). The authors examined 
the effects of plasma volume, insulin resistance (IR), 
prostate volume, and BMI on PSA in a general scre-
ening population after adjusting for potentially in-
fluencing factors, and finally devised the PSA-MR. 
This study is noteworthy because few studies have 
considered the combined effects of these variables 
on PSA levels. The authors suggested that PSA-MR 
might be more stable than PSA, when the BMI, plas-
ma volume, and prostate volume change.

 PSA-MR seems to be more attractive than 
other PSA-related parameters, because it considers 
confounding effects on PSA levels. Our study is the 
first to assess the clinical utility of PSA-MR for the 
prediction of PCa among men undergoing repea-
ted PBx, and we have identified the possible cli-
nical utility of the PSA-MR. Currently PSA-MR is 
an independent predictor of PCa detection, even af-
ter adjusting for various parameters. The predictive 
accuracy of PSA-MR was also superior to that of 
PSA or most of its derivatives, including PSA-D. It 
is especially noteworthy that PSA-MR had a higher 
predictive accuracy than PSA-D, since PSA-MR is 
heavily correlated with PSA-D. This result suggests 
that PSA-MR might be a more valuable predictor 
than PSA-D, and might potentially replace PSA-D 
in the clinical setting. Furthermore, the model that 
incorporated PSA-MR was superior with respect to 
specificity, and its use would have avoided 59.6% of 
unnecessary repeated PBx. Even when compared at 
fixed sensitivity thresholds of 90% and 95%, which 
were specifically applied to simulate the require-
ment for a PSA-MR to allow false-negative rates of 
only 10% or 5%, use of the model that incorpora-
ted PSA-MR would have avoided 9.2% and 5.9% of 
unnecessary repeated PBx, respectively. Since none 
of predictors can be solely used to counsel an indi-
vidual patient on the need to perform a PBx to rule 
out PCa (1), PSA-MR could potentially help physi-
cians to counsel patients to pursue further PBx.

 Recently, Hong et al. (22) investigated the 
value of PSA-MR in the prediction of PCa detec-
tion among patients who underwent initial PBx. The 
authors reported that PSA-MR was an independent 
predictor of PCa detection, and was significantly 
more accurate than PSA. However, the replacement 

of PSA level with PSA-MR or the addition of PSA-
-MR in the multivariate model was not associated 
with a significantly increased accuracy for predic-
ting PCa detection via initial PBx. These results are 
similar to ours, which showed that PSA-MR was an 
independent predictor of PCa detection during repe-
ated PBx. On the other hand, there are several di-
fferent points between our study and that by Hong 
et al. (22). The previous study only analyzed initial 
PBx data, while we analyzed data from a repeated 
PBx database. Since approximately 30% of PCa ca-
ses are missed during the initial PBx, the previous 
study was limited in terms of a precise reflection 
of the clinical utility of PSA-MR. Our analysis of 
results from a repeated PBx database could streng-
then our understanding of the clinical utility of 
PSA-MR. Furthermore, since it is more difficult to 
decide whether to pursue a repeated PBx, compared 
to an initial PBx, it is more important to identify 
the parameters associated with the repeated PBx ou-
tcome in the clinical setting. Another point is that 
we analyzed not only the predictive accuracy, but 
also other predictive parameters such as specificity, 
sensitivity, PPV, NPV and PAB. Our study showed 
that the specificity of the model that incorporated 
PSA-MR was superior to that of the model that did 
not incorporate PSA-MR. Furthermore, use of the 
model that incorporated PSA-MR would have sig-
nificantly avoided unnecessary repeated PBx, even 
when the models were compared at fixed sensitivity 
thresholds of 90% and 95%. As aforementioned, the 
avoidance of unnecessary PBx is as important as 
PCa detection, especially when a repeated PBx is 
pursued.

 Another strength of our study is that it is 
the first to compare PSA-MR with PSA and its de-
rivatives, considering that PSA-MR is also a PSA 
derivative. In a logistic regression analysis that in-
cluded PSA and its derivatives, PSA-MR was an in-
dependent predictor of PCa detection during repea-
ted PBx. From the viewpoint of predictive accuracy, 
PSA-MR was superior to PSA or most PSA deriva-
tives. Therefore, PSA-MR might be a useful tool for 
predicting PCa during repeated PBx.

 One fundamental limitation is that PSA-MR 
is derived from PSA, which is not a cancer-specific 
marker. Therefore, PSA-MR is not free from the dra-
wbacks associated with PSA, and this might atte-
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nuate the value of PSA-MR. However, the clinical 
utility of PSA-MR cannot be entirely discounted 
because there are similar limitations for other PSA 
derivatives, which are already widely used. PSA-MR 
is the logical modification of PSA, as it is adjusted 
by the BMI, plasma volume, and prostate volume. 
Additionally, our study showed that PSA-MR was 
an independent predictor of PCa detection, and its 
use would have avoided 59.6% of unnecessary re-
peated PBx. Its predictive accuracy was also supe-
rior to that of most other PSA-related parameters, 
including PSA or PSA-D. Accordingly, PSA-MR is 
another potentially useful tool for predicting PCa 
during repeated PBx that could help physicians to 
counsel patients regarding further PBx.

 Our study had a few limitations. First, not 
all patients with a negative initial PBx were inclu-
ded in our study, resulting in a selection bias, al-
though almost all previous studies in this field had 
the same limitation. However, we analyzed all data 
at a single institution to reduce the bias. Second, 
since all of our study subjects were Korean men, 
the PCa-related clinical characteristics might differ 
from those of other races (23). Therefore, our results 
may not be directly applicable to other races. Las-
tly, new biomarkers such as prostate cancer gene-3 
were not analyzed, although the clinical utilities of 
these new biomarkers have yet to be fully determi-
ned (1). However, the most widely used predictors of 
PCa detection were analyzed.

CONCLUSIONS

 PSA-MR was an independent predictor, and 
its use would have avoided 59.6% of unnecessary 
repeated PBx for PCa detection after a negative ini-
tial PBx. PSA-MR was also superior to PSA or most 
of its derivatives, including PSA-D. Our results su-
pport the use of PSA-MR as a helpful tool when 
counseling patients after a negative initial PBx, and 
as a means to reduce further unnecessary biopsies.

ABBREVIATIONS

PCa = prostate cancer
PBx = prostate biopsy
PSA = prostate-specific antigen
PSA-MR = psa mass ratio

PSA-V = psa velocity
PSA-D = psa density
PSA-DT = psa doubling time
%fPSA = percent of free PSA
DRE = digital rectal examination
TRUS = transrectal ultrasonography
HGPIN = high grade prostatic intraepithelial neo-
plasia
ASAP = atypical small acinar proliferation
BMI = body mass index
IR = insulin resistance
PPV = positive predictive value
NPV = Negative predictive value
PAB = Proportion that avoided unnecessary repea-
ted PBx
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The merits of cytology in the workup for upper tract urothelial 
carcinoma - a contemporary review of a perplexing issue
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________
Introduction: The importance of upper tract cytology for evaluating tumors is uncle-
ar. We correlated upper tract cytology with histologic findings in patients who un-
derwent nephroureterectomy for upper tract urothelial carcinoma (UTUC) at a single 
tertiary care referral center.
Materials and Methods: 137 patients underwent nephroureterectomy between 2004 
and 2012. 18 patients were excluded (benign tumors, atrophic kidneys with the re-
maining 119 patients serving as our study population). Upper tract cytology from 
the renal pelvis and/or ureter were retrospectively reviewed and analyzed with final 
pathology data in the remaining patients with UTUC.
Results: 57% (68/119) had preoperative upper tract cytology collected. 73% (50/68) 
patients had abnormal cytology (positive, suspicious) with a sensitivity of 74% (whi-
ch increased to 90% if atypical included), specificity of 50% and a positive predictive 
value of 98%. High grade tumors were more common than expected (77% high grade 
vs. 20% low grade). Abnormal cytology did not predict T stage or tumor grade. In-
terestingly, positive upper tract cytology was found in all of the UTUC CIS specimen.
Conclusions: Upper tract cytology has been utilized to support the diagnosis of upper 
tract urothelial carcinoma. Our data demonstrates that abnormal cytology correlates 
well with the presence of disease but does not predict staging or grading in these res-
pective patients.
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INTRODUCTION

Upper tract urothelial carcinoma (UTUC) 
is uncommon, representing less than 5% of uro-
thelial tumors. The standard workup for UTUC in-
cludes upper tract imaging (either cross-sectional 
or retrograde pyelogram), upper tract (selective) 
cytology (UTC) and possible ureteroscopy with 
tumor biopsy. Endoscopic management is an ac-
ceptable option for low grade and smaller tumors, 
especially in patients where nephron sparing is 
an imperative indication (i.e. patients with renal 
insufficiency or multiple comorbidities). These 
patients can be treated either by a retrograde or 

an antegrade approach, depending on tumor size, 
location and accessibility. To appropriately select 
these candidates, a thorough workup is required 
which yields reliable information regarding loca-
tion, size, stage, and grade of the tumor.

Despite advances in technology, diagnosis 
of upper tract tumors continues to be challenging 
and often times biopsy is inconclusive or not per-
formed due to the difficulty of reaching the lesion 
of concern. The sensitivity of UTC has been re-
ported to be 64-71% (1-4), which is higher when 
compared to voided urine cytology (VUC) which 
is sometimes utilized for upper tract diagnostic 
evaluation. Messer and associates reported their 
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outcomes in 2010, looking at both voided urinary 
cytology and selective UTC. The sensitivity of se-
lective UTC was 71% and 78% for detecting high 
grade disease and muscle invasive disease, respec-
tively. They concluded that urinary cytology in iso-
lation lacked performance characteristics to accu-
rately predict invasiveness and grade of UTUC (2).

The purpose of this study is to investigate 
the diagnostic performance of UTC in patients 
with UTUC.

MATERIALS AND METHODS

A retrospective chart review of all patients 
who underwent a radical nephroureterectomy 
(RNU) at a single institution between 2004 and 
2012 was performed. One-hundred-thirty-seven 
patients were identified in our IRB approved ins-
titutional database and 18 of them were excluded. 
The patients who were excluded had undergone 
surgery revealing benign pathology (benign tu-
mors, chronic infection, atrophic kidneys). Upper 
tract cytology from the renal pelvis and/or the 
ureter were reviewed and correlated with final pa-
thology data. The specimens were selectively col-
lected with an open end catheter under fluorosco-
pic guidance from the tumor side. A minimum of 
3-5mL of sterile saline was used to wash (barbo-
tage) 3-5 times on average, before the retrograde 
pyelogram was performed. The washing was done 
by 3 experienced urologic oncologists, supervi-
sing fellows and residents in training. The spe-
cimens were sent fresh to pathology, where they 
were centrifuged and the supernatant was pou-
red off and vortexed to resuspend the cell pellet. 
CytoLyt solution was added and the specimen was 
centrifuged again. The supernatant was poured off 
and 1-2 drops of the pellet were added to the Pre-
servCyt solution. After 15 minutes the specimen 
was run on a Thinprep processor and the slide was 
stained with modified Papanicolau staining me-
thod and coverslipped to be screened.

The cytology results were reported as being 
positive, suspicious, atypical, reactive or benign 
and the histology was staged and graded accor-
ding to the American Joint Committee of Cancer 
AJCC/TNM staging and 2004 World Health Orga-
nization/International Society of Urologic Patho-

logy (WHO/ISUP) grading systems. No particular 
classification scheme for urine cytology has been 
followed by the cytopathologists. Positive and 
suspicious cytologies were defined as abnormal, 
but atypical and reactive were defined as benign.

The sensitivity, specificity and positive pre-
dictive values were calculated using Microsoft® Ex-
cel software (version 2007). We used the Student’s 
t-test to compare means of groups and the Fisher 
exact test was used to compare proportions.

RESULTS

A total of 119 patients were submitted to 
RNU for UTUC at a mean age at diagnosis of 70 years 
(range 42-90 years). Muscle invasive tumors were 
found in 52 (44%) of 119 patients and interestingly 
these tumors were more prominent in patients who 
did not have an upper tract cytology collected as a 
part of their workup when compared to the patients 
who did (51% (26/51) vs. 38% (26/68), P = 0.08), al-
though this finding was not statistically significant. 
Age did not affect the tumor stage and muscle in-
vasive disease was seen in 41% of patients less than 
65 years compared to 44% of those greater than 65 
years (P = 0.39). Sixty-eight patients (57%) had UTC 
collected as a part of their preoperative workup and 
73% of the specimens were abnormal. No difference 
was noted between males and females except that 
the disease was more prevalent amongst males (70% 
versus 30%, p < 0.002) (Table-1). Table-2 demons-
trates the correlation of UTC with final pathological 
tumor stage. Five patients had CIS and all of them 
had positive UTC.

The sensitivity and specificity of UTC were 
74% and 50% with a positive predictive value of 
98%, respectively. Abnormal UTC did not predict 
tumor stage or grade. Abnormal cytology was 
found in 74.5% of the high grade tumors compared 
to 73% of the low grade tumors (P = 0.26) (Figu-
re-1). High grade tumors were more common than 
low grade tumors (79% vs. 21%, P < 0.001) and 
this proportion was independent of cytology results 
(positive (76%), suspicious (75%), atypical (73%) 
and benign (72%) (Table-3). Thirty-one (72%) of 43 
superficial compared to 19 (76%) of 25 muscle in-
vasive tumors were associated with abnormal UTC 
(p = 0.36) (Figure-2).
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Table 1 - Characteristics of the eligible patients.

Male (%) Female (%) P – value

Number 83 (70) 36 (30)

Age, years (mean) 69 72.6 0.1

Tumor stage

T0 1 (1.2) 1 (2.7) 0.52

Ta 27 (32.5) 10 (27) 0.67

Tis 2 (2.4) 3 (8.3) 0.16

T1 16 (19.3) 7 (19.4) 1.00

≥ T2 37 (44.6) 15 (41.7) 0.38

Tumor grade

HG 66 (79.5) 28 (77.8) 0.42

LG 17 (20.5) 8 (22.2) 0.42

Upper tract cytology available 47 (56.6) 21 (58.3) 0.43

Abnormal 36 (76.6) 14 (66.7) 0.19

Atypical 8 (17) 3 (14.3) 1.00

Benign 3 (6.4) 4 (19) 0.19

Table 2 - Correlation of UTC with tumor stage and grade.

Upper Tract Cytology

Abnormal (%) Benign (%) P - value

T0 1 (2) 1 (5) 0.48

Ta 17 (34) 5 (26) 0.77

CIS 5 (10) 0 (0) 0.31

T1 8 (16) 6 (32) 0.19

T2 5 (10) 3 (16) 0.68

T3 11 (22) 4 (21) 1.0

T4 3 (6) 0 (0) 0.56

High Grade 38 (76) 13 (68) 0.55

Low Grade 11 (22) 5 (26) 0.75

Other* 1 (2) 1 (5) 0.48

*Two specimen were T0 and one undifferentiated large cell tumor 
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DISCUSSION

The diagnosis of UTUC can be difficult and 
upper tract selective cytology has been utilized to 
support the diagnosis of disease presence. With ad-
vancement in technology and better understanding 
of the pathogenesis of UTUC, the role of endoscopic 

management has become a more popular treatment 
option, especially in patients with solitary kidneys, 
impaired renal function and in patients with mul-
tiple comorbidities who are at higher risk during 
prolonged and more extensive surgeries. Accuracy 
in diagnosis is therefore especially important and 
better diagnostic tools may be needed.

Figure 1 - UTC and tumor grade.

High grade

25%     
     Benign

75%     
    Abnormal

Low grade P = 1.0

27%     
     Benign

73%         
    Abnormal

Figure 2 - UTC and tumor stage.

Muscle invasive tumors Superficial tumors
P = 1.0

28%     
     Benign

27%     
     Benign

72%         
    Abnormal

73%         
    Abnormal

Table 3 - UTC and tumor grade.

Upper tract cytology

Positive(%) Suspicious(%) Atypical(%) Benign(%)

High Grade 32(76) 6(75) 8(73) 5(72)

Low Grade 9(21) 2(25) 3(27) 1(14)

Other* 1(3) 1(14)

* Two specimen were T0 and one undifferentiated large cell tumor
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According to our study, 73%, of patients 
who underwent RNU for UTUC had abnormal 
UTC with a calculated sensitivity and specifici-
ty of 74% and 50%, respectively. The low speci-
ficity may be explained by various reasons, for 
example, lower stage and grade tumors, which 
may be less prone to shedding tumor cells into 
the collecting system, or sampling error. Skola-
rikos et al. evaluated 62 patients who were tre-
ated for UTUC and underwent an ureteroscopic 
biopsy and/or collection of UTC as a part of their 
preoperative workup. Only 40% (19/48) of their 
patients had positive/suspicious UTC but their 
data demonstrated that positive cytology pre-
dicted high grade tumors in 14 (67%) of 21 ca-
ses. They also demonstrated improved sensitivity 
and specificity of detecting high grade UTUC by 
combining biopsy results and upper tract cytolo-
gy. The sensitivity and specificity increased from 
43% to 55% and from 23% to 85%, respectively. 
Their biopsy grade correlated well with tumor in-
vasiveness. None of the 6 specimens with biopsy 
grade 1 compared to 11 of 13 with grade 3 were 
found to be muscle invasive (5).

A more recent retrospective study by 
Williams et al. showed a higher prediction rate 
and correlation with tumor stage of positive 
upper tract cytology in patients who underwent 
a nephroureterectomy for UTUC. They correla-
ted UTC with histologic findings and 21 (70%) 
of 30 specimens were positive. Positive UTC 
was associated with high grade tumors (82%) 
and predicted stage pT1 or greater in 15 (75%) 
of 20 cases (6).

Straub and associates investigated the ac-
curacy of upper tract cytology and ureteroscopic 
biopsy in predicting the correct tumor grade in 
patients with UTUC. Their data showed the sen-
sitivity of cytology and biopsy to be 64% and 
74%, with a combined sensitivity of 84%. The 
accuracy of cytology in predicting high grade 
tumors was 53% which improved to 68% when 
combined with biopsy results and more impor-
tantly 15% of high grade tumors were misinter-
preted as being low grade (3). Our findings show 
that abnormal UTC correlates with the presence 
of UTUC and was found in 73% of the patients 
but it did not predict tumor stage or grade whi-

ch is contrary to prior studies. Interestingly, all 
of the CIS specimens had positive UTC, but the 
number (N = 5) was too low to reach statistical 
significance. Our study also demonstrates that 
superficial upper tract tumors were as likely to 
have abnormal cytology as muscle invasive tu-
mors (72% of superficial and 76% muscle invasi-
ve tumors) which emphasizes the importance of 
combining all preoperative data (cytology, cross-
-sectional imaging, ureteroscopic findings and 
biopsy results) when making a decision if endos-
copic surgery is a suitable therapeutic option. Xu 
et al. demonstrated higher sensitivity with VUC 
in combination with fluorescence in situ hybri-
dization analysis (FISH) for detecting upper tract 
tumors with an overall sensitivity 85.9% com-
pared to 45.1% for VUC and 78.9% for FISH (4). 
Table-4 summarizes published studies focusing 
on diagnostic utilities of UTC.

The present study has some limitations 
including its retrospective design and the inhe-
rent selection bias for patients to undergo a ne-
phroureterectomy and therefore more likely to 
have higher grade and more advanced disease 
which may not accurately reflect all patients tre-
ated at outside institutions. Moreover, the urine 
cytology was not routinely graded, and therefore 
we were unable to correlate the grade of the po-
sitive cytology with final pathology.

CONCLUSIONS

The diagnosis of UTUC may be challen-
ging and according to our data, selective cytolo-
gy correlates with the presence of urothelial car-
cinoma but does not accurately predict the stage 
or grade of these respective tumors. At present, 
UTC is one of the more important diagnostic to-
ols to work up upper tract tumors and should be 
used in conjunction with other diagnostic moda-
lities and clinical findings whenever technically 
possible. The continual goal for novel biomarkers 
of diagnostic, therapeutic, and prognostic utility 
remains a mainstay of current research efforts.
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Table 4 - Summary of published studies.

Study Number Sensitivity (%) Specificity (%) PPV (%) Accuracy of bx
predicting high grade

Raica (7) 34 97 - - -

Keeley (8)* 28 82 - - -

Messer (2)** 168 71 - 53 -

Williams (6) 30 70 - - 75%

Skolarios (5) 48 40 - - High****

Highman (9) 24 58 - - -

Xu (4)*** 71 86 97.8 - -

Straub (3) 77 64 - - 58%

Our study 68 74 50 98 -

* Additional washes obtained after a biopsy was performed
** Only high grade disease
***Voided cytology and FISH combined
****Biopsy grade 3 predicted grade 3 in 12/13 (92%)
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Purpose: Increased expression of tissue factor (TF), a primary initiator of the extrin-
sic coagulation pathway, has been associated with a worse prognosis in a variety of 
solid tumors. We report for the first time the correlation of the immunohistochemical 
expression of tissue factor with clinical and pathological outcomes in clear cell carci-
nomas of the kidney.
Materials and Methods: immunohistochemical expression of tissue factor was evalua-
ted in 58 paraffin-embedded samples of clear cell carcinomas of the kidney treated at 
the same university hospital, that was correlated with clinical and pathological varia-
bles and with overall survival.
Results: high intensity tissue factor expression (TF area > 10µm2) was observed in 
22.4% of the tumors (13 patients), and was an important predictor of overall mortality, 
both in univariate and multivariate analysis (p < 0.05). Median overall survival for 
both groups was 66 months; 78.2 months for patients in the group of lower TF expres-
sion and 27.5 months for patients in the group of higher TF expression (log rank p < 
0.001). The hazard ratio for mortality was 9.7 (CI 3.7-25.6) for tumors with increased 
TF expression.
Conclusions: Increased immunohistochemical expression of TF was an important in-
dependent predictor of mortality in a contemporary cohort of patients with clear cell 
carcinoma of the kidney. Further studies are necessary to define the role of TF in cli-
nical practice.
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Histological Techniques
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INTRODUCTION

Renal cell carcinomas are responsible for 
2-3% of all solid malignancies, and their inciden-
ce and mortality rates have been increasing over 
the last decades. It is a highly lethal neoplasm, 
with estimated 64,000 new cases and 13,000 dea-
ths in the U.S. for 2012 (1). Clear cell carcinomas 
represent 85-90% of all renal cell cancers, and 
are usually associated with increased mortality 
(2). Most renal tumours diagnosed nowadays are 
small solid lesions, incidentally discovered du-
ring imaging tests such as abdominal ultrasoun-

ds or computerized tomography scans, which 
when adequately treated may yield up to 95% 
5-years cancer specific survival rates (3). Howe-
ver, a substantial proportion of cases (up to 30%) 
are still diagnosed in the metastatic setting, in 
which cure is rarely possible and less than 5-10% 
of 5-year cancer-specific survival is expected (4). 
Many pre and postoperative prognostic factors 
have been reported in renal cell carcinomas, such 
as tumour size, clinical and pathological stage, 
Fuhrman grade, among others. However, none of 
these factors, isolated or in association can pre-
dict with certainty which tumours will eventually 
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recur and affect patients’ survival (4). Thus, a conti-
nuous search for novel prognostic markers in renal 
cell carcinomas is justified, to better predict prog-
nosis and to plan more efficacious, individualized 
therapeutic strategies.

The association between cancer, coagulation 
and thrombosis was first reported in 1865, when 
Armand Trousseau described an increased rate of 
thrombotic events in patients with gastrointestinal 
tumors (5). Further studies revealed that one of the 
pivotal agents involved in this association was tis-
sue factor, or thromboplastin (6). A trans-membrane 
glycoprotein, tissue factor (TF) is responsible for the 
initiation of the extrinsic coagulation pathway. TF is 
abundant in the sub-endothelial layer of blood ves-
sels and in tissues surrounding most internal organs, 
in which it supposedly acts as a natural haemostatic 
barrier (7). When exposed, TF initiates the coagula-
tion cascade, resulting in fibrin formation. Increased 
expression of TF was also described in tumor cells of 
a variety of solid neoplasms, including melanomas 
(8), breast (9), prostate (10), lung (11), ovarian (12), 
gastrointestinal (13), bladder and renal cancers (14). 
In some studies, increased TF expression was corre-
lated to worse clinical outcomes (8-13). We have re-
cently reported on the positive association between 
increased TF expression and poor prognosis in pa-
tients with Wilms tumors (15). We now describe the 
expression of TF by immunohistochemistry in clear 
cell carcinomas of patients with a minimum follow-
-up of five years after the initial treatment, corre-
lating TF expression with clinical and pathological 
variables, and with overall survival.

MATERIALS AND METHODS

 Our initial cohort was composed of 60 
patients with clear cell carcinoma of the kidney 
diagnosed and treated at a University hospital in 
southern Brazil (Hospital Sao Lucas) from 2004 to 
2007 with either partial or radical nephrectomy. 
We excluded from analysis two patients in whom 
paraffin blocks were unavailable or considered 
inadequate for analysis due to insufficient tumour 
tissue; thus, our final study group consisted of fif-
ty-eight patients (N = 58). We considered as varia-
bles age at the time of diagnosis, gender, Fuhrman 
grade, TNM stage (2010) and TF expression. Ove-

rall and cancer specific survival were considered 
the main outcome measures.

Patients’ age at the time of diagnosis was 
registered in months and years. For statistical 
analysis, we considered three months as 0.25, six 
months as 0.50, and nine months as 0.75 years.

 Histological grade was ranked in four ca-
tegories (I-IV) as defined by Fuhrman (16), and the 
same pathologist (VDS) reviewed all pathology sli-
des. The 2010 TNM was used for both clinical and 
pathological staging. The attending surgeon deter-
mined the surgical approach (partial or radical ne-
phrectomy) in each case.

Immunohistochemistry
 Immunohistochemical analysis was per-

formed in formalin-fixed, paraffin-embedded tis-
sue samples. Five-micron sections were cut onto 
coated slides and deparaffinated by routine tech-
niques. Analysis of TF expression was performed 
in a blinded manner, using a Zeiss Axioskop 40® 
(Carl Zeiss, Oberkochen, Germany) optical micro-
scope at a magnification of 100X and Image Pro 
Plus 4.5.1® image analysis software (Media Cy-
bernetics, Rockville, U.S.A.). Samples of prostate 
carcinoma were used as positive and negative 
controls of TF expression.

 Immunohistochemical expression of TF was 
evaluated with a quantitative methodology, select-
ing and digitizing microscopic fields where there 
was positive staining at 100X magnification with-
out imaging superposition (17). The number of im-
ages selected for each case varied from one to five. 
Each image file had a total area of 361,918µm2. In 
all images captured, analyses were performed with 
a 24-bit colour selection method, with the creation 
of RGB colour reference files, which were applied 
to all images to define the measurement area, as 
shown in Figure-1 (18). Results were expressed in 
µm2. We defined high or low immunohistochemical 
expression of TF according to the median of the ar-
eas measured in all cases (10µm2). Three independ-
ent observers agreed with the selection process 
of the areas examined in all cases.

 Clinical, pathological, and follow-up 
data were obtained through chart reviews and, 
whenever required, telephone contacts or active 
residence search.
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Statistical Analysis and Ethics

 Continuous data were described using mean 
and standard deviation. For asymmetric data we 
used median and inter-quartile range. Categorical 
data were expressed using counts and percentages. 
Baseline features were compared using Student’s 
t test for continuous data and chi-square tests for 
categorical data. A survival analysis was conduct-
ed using Kaplan-Meier method followed by log rank 
test for comparison between groups. A multivaria-
ble analysis based on the Cox regression model was 
used to adjust for confounding (p < 0.005). Data 
were analyzed using SPSS version 18.0®. The study 
protocol was reviewed and approved by the ethics 
committee at the University Hospital.

RESULTS

Clinical and pathological variables of the pa-
tients in our cohort are shown in Table-1 (N = 58). 

Most patients were male (n = 40; 69.1%), and mean 
age was 58.8 years (31-91 years). Mean tumour size 
was 6.1cm (range 2.1-19.0cm). Regarding Fuhrman, 
13 patients (22.4%) were grade 1, 28 (48.0%) were 
grade 2, 10 (17.2%) were grade 3 and 7 (12.0%) were 
grade 4. At diagnosis, 28 patients (50.0%) were TNM 
stage I, six (10.7%) were stage II, 15 (26.7%) were 
stage III, and seven (12.5%) were stage IV. TNM data 
was missing for two patients. Necrosis was present in 
32 samples (55.1%), absent in 24 (41.3%) and it was 
not reported in 2 cases (3.4%). Stratification of the 
immunohistochemical expression of TF was done 
according to the intensity of TF staining, with a cut 
off point of 10mm2.

The groups of patients with low and high in-
tensity of TF staining were homogeneous for age, 
gender and tumour size (all p > 0.05; Table-1). Pa-
tients with high intensity of TF staining had a greater 
proportion of less differentiated tumours (Fuhrman 
grades 3 and 4; p < 0.05) and of higher pathological 
stages (TNM stages III and IV; p < 0.002).

Figure 1 - TF staining in renal cell carcinoma. A) Low staining for TF expression (area < 10µm2) 
in RCC tumour; B) High intensity of staining for TF (area > 10µm2) in RCC tumour (reduced 
from X100). C) and D) images captured with 24 bit select colours (RGB) both in low and high 
intensity of staining for TF. The selected areas are marked in red.

A

B

C

D
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In our cohort, 21 patients died during follow-
-up (36.2%). Seven patients (12.0%) were metastatic 
at diagnosis, all of whom have died of the disease, 
twelve developed recurrences during follow-up, and 
subsequently died (20.7%), one (1.7%) died of unre-
lated causes during follow-up, and one (1.7%) died 
in the postoperative period of complications associa-
ted with the surgical procedure. Forty-five patients 
had low intensity expression of TF (77.6%), while 13 
patients had high intensity expression of TF (22.4%) 
in the immunohistochemical analysis. Median global 
and cancer specific survival for both groups was, res-
pectively, 66 and 68 months; 78.2 and 81.5 months 
for patients in the group of lower TF expression and 
27.5 and 27.5 months for the patients in the group of 
higher TF expression (log rank p < 0.001; Figure-2). 
Increased TF expression was statistically associated 
to decreased survival, as shown in Figure-2.

To further assess the impact of the intensity 
of TF staining as a significant predictor of mortali-

ty, we performed a multivariable regression analysis 
adjusted for some of the reported prognostic factors 
in renal cell carcinomas, such as patients’ age, tu-
mour size, gender, TNM stage, Fuhrman grade and 
the SSIGN score from Mayo Clinic. We chose not to 
include individual data of necrosis in the multiva-
riate analysis, since it was presented in the SSIGN 
score which includes necrosis. In the multivariable 
model, increased TF expression remained an im-
portant independent prognostic factor for increased 
mortality (Table-2).

DISCUSSION

 In spite of a recent shift towards earlier sta-
ge at presentation, mortality rates from clear cell 
carcinoma of the kidneys are increasing. Such trend 
may be explained by the fact that a considerable 
proportion of cases are advanced at diagnosis, and 
it is known that even small lesions of less than 

Table 1 - Patients characteristics.

Tissue Factor

Characteristics ≥ 10µm2

n = 13
< 10µm2

n = 45
P

Age, years 58.8 ± 8.8 58.8 ± 14.4 0.994[a]

Male sex, n (%) 9 (69.2) 31 (68.9) 0.632[b]

Tumour size, cm 7.2 ± 2.2 5.8 ± 3.2 0.149[a]

Fuhrman grade, n (%) 0.019[b]

1 2 (15.4) 11 (24.4)

2 4 (30.8) 24 (53.3)

3 2 (15.4) 8 (17.8)

4 5 (38.5) 2 (4.4)

TNM stage, n (%)* 0.002

I 1 (8.3) 27 (61.4)

II 2 (16.7) 4 (9.1)

III 5 (41.7) 10 (22.7)

IV or more 4 (33.3) 3 (6.8)

Data are presented as mean ± standard deviation or counts (%).
TNM = TNM staging classification for renal cell carcinoma. * TNM data missing for 2 patients. p: statistical significance, [a] = Student’s t test, [b] = Fisher's exact test.
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4cm in diameter present with metastasis in 4-7% 
of cases (19). In our study, 12% of patients had 
metastatic disease at presentation. This is similar to 
most international series (20,21), but compares fa-
vourably with the statistics published by the Brazi-
lian National Institute of Cancer, in which roughly 
20% of cases were metastatic at diagnosis (22).

Most our cases were treated by radical ne-
phrectomy (77.5%), whereas partial nephrectomies 
were performed in 22.5%. The proportion of par-
tial nephrectomies has been increasing over the 
years globally in face of smaller tumors at diagno-
sis; however, partial nephrectomies are still out-
numbered by radical nephrectomies in most series, 

Figure 2 - Overall and cancer specific survival curves for patients with lower and higher TF staining.

Table 2 - Association of high intensity tissue factor expression and selected variables with death among renal cancer patients 
(patients = 58, events = 21).

Univariate Analysis Multivariable Analysis

Variable HR 95%CI p HR[a] 95%CI p

Tissue factor exp. ≥ 10 µm2 9.75 3.71 to 25.64 < 0.001 4.03 1.07 to 15.14 0.039

Age, years 1.03 0.98 to 1.05 0.351 1.04 1.00 to 1.08 0.074

Female sex 0.55 0.18 to 1.66 0.267 0.33 0.07 to 0.89 0.033

Fuhrman grade ≥ 3 2.48 0.97 to 6.30 0.056 0.61 0.18 to 2.08 0.437

Tumour size, cm 1.09 0.98 to 1.21 0.130 1.04 0.71 to 1.12 0.356

SSIGN score ≥ 6 12.25 4.41 to 34.00 < 0.001 9.09 2.33 to 35.42 0.001

TNM stage III or more 8.58 2.49 to 29.58 0.001 5.30 1.21 to 23.18 0.026

[a] = Hazard ratio obtained in a Cox proportional hazards model including all listed factors; p: statistical significance; 95%CI: 95% confidence interval.
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and ours is no exception (23). Our perioperative 
mortality rate was 1.7% (1/58), similar to most 
recently published surgical series of radical and 
partial nephrectomies (around 0.9%) (24), and we 
have to consider that one of our patients who died 
preoperatively was an octogenarian. In one of the 
largest series of nephrectomies in octogenarians, 
Berger et al. (25) reported a 38% morbidity rate 
and a 3.3% operative mortality rate, and advised 
caution in indicating renal surgery at this age ran-
ge. Most of our patients had good clinical status 
with almost no comorbidities.

In spite of many prognostic factors avai-
lable for renal cell carcinoma, it still not pos-
sible to accurately identify which patient will 
have a favourable or an unfavourable outcome. 
The best tools to predict mortality from renal 
cell carcinoma yield c-indexes (concordance in-
dexes) of 88% (20). Clearly, new markers need 
to be unveiled in order to improve prognostic 
accuracy in renal cell cancer.

Increased immunohistochemical expres-
sion of TF was associated with worse outcomes 
and mortality rates in many solid neoplasms (me-
lanomas, breast, prostate, lung, ovarian, gastroin-
testinal) (8-13). Additionally, we have recently pu-
blished that in Wilms’ tumours, the most common 
kidney neoplasm in children, an increased immu-
nohistochemical expression of TF was the most 
important predictor of tumor recurrence and mor-
tality (15). In renal cell carcinomas, to our know-
ledge this is the first study reporting TF expression 
by immunohistochemistry in the indexed litera-
ture. In 2003, Forster et al. (14) have published 
a study in which they reported TF expression by 
an enzyme linked immunosorbent assay (ELISA) 
test and by a LightCycler™ polymerase chain re-
action (PCR) assay both in malignant and benign 
tissues of patients with prostate, bladder and renal 
cell carcinomas (18 patients with RCC). With these 
methodologies, they have found a greater expres-
sion of TF in the normal tissues in comparison to 
the neoplastic samples. In the same study, the au-
thors tested for serum TF expression in 75 patients 
with RCC and 92 normal age-matched controls, 
and could not detect a significant difference (14). 
However, the authors did not correlate their fin-
dings with clinical outcomes.

We believe that our findings are impor-
tant since we present for the first time the cor-
relation of TF expression with clinical outcomes 
in RCC. Moreover, we have shown that, although 
expressed in a minority of RCCs (22.4%), TF was 
a significant predictor of mortality in our cohort, 
with a very high hazard ratio (HR 9.7; CI 3.7-25.6). 
When tested for possible confounding factors in 
the multivariable analysis, the importance of TF 
expression in predicting mortality was reduced, 
but remained significant (HR 4.03; CI 1.07-15.1). 
The possibility of a new prognostic factor in RCC 
is by itself a novelty, but we believe that the exis-
ting prediction models may further increase their 
accuracy by including this marker, which should 
be a subject of future studies.

A potential therapeutic role for anti-TF 
therapies is currently being investigated in a va-
riety of ways. It is believed that tumour TF may 
induce the coating of tumour cells with fibrin, 
trapping the cells in the microvasculature and 
enhancing the process of hematogenous metasta-
sis. In this regard, at least two experimental stu-
dies in mouses have shown that blockage of the 
TF pathway with anti-TF antibodies or with tissue 
factor protein-inhibitor (TFPI) has reduced the in-
cidence of pulmonary metastases (26,27). Additio-
nally, it is believed that the coupling of TF with 
coagulation factor VIIa and protease-activated re-
ceptor 2 (PAR2) drives angiogenesis through the 
production of factors such as the vascular endo-
thelial growth factor (VEGF). The blockage of this 
specific pathway is the target of two new drugs 
currently being tested in phase II in pancreatic 
cancer and other solid tumours (28,29). Positive 
results in these trials may enhance the therapeutic 
arsenal for cancers in which TF plays an impor-
tant role, such as RCC.

The methodology employed in the quan-
tification of the immunohistochemical expression 
of TF was new to our group. In previous studies, 
we used a semi-quantitative method of limited re-
producibility, in which the observers determined 
scores based on the intensity of TF expression 
through visual analysis of the slides, from grades 
I (0-25% of cells intensely expressing TF) through 
IV (> 75%) (10,15). In the present study we opted 
to perform a quantitative method internationally 
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validated which measures an area unit (µm2) (30). 
The availability of ever more sophisticated sof-
tware for image analysis such as the Image Pro 
Plus® allows for fewer measurement biases and 
more accurate reproducibility.

Our study has several caveats that may 
compromise the generalization of its findings. 
First, it is a retrospective study, with the implied 
limitations in data collection. Second, the im-
munohistochemical staining was performed in 
paraffin-embedded tissue stored at the depart-
ment of pathology for at least five years. Third, 
the small number of patients [58] may obviate 
definitive conclusions. Additional studies with 
prospective data collection, complementary mo-
lecular methodologies and a larger number of 
patients are needed to validate and further ad-
vance on our findings.

CONCLUSIONS

 Increased TF expression by immunohisto-
chemistry was an important independent prognos-
tic factor of mortality in a contemporary cohort of 
patients with renal cell carcinoma. Further studies 
are necessary to define its role in clinical practice.

ABBREvIATIONS

TF = tissue factor
RCC = renal cell carcinoma
RBG = red, blue and green
ELISA = enzyme linked immunosorbent assay
PCR = polymerase chain reaction
TFPI = tissue factor protein inhibitor
PAR2 = protease-activated receptor 2
VEGF = vascular endothelial growth factor
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Introduction: The aim was to confirm that PSF (probability of stone formation) changed 
appropriately following medical therapy on recurrent stone formers.
Materials and Methods: Data were collected on 26 Brazilian stone-formers. A baseli-
ne 24-hour urine collection was performed prior to treatment. Details of the medical 
treatment initiated for stone-disease were recorded. A PSF calculation was performed 
on the 24 hour urine sample using the 7 urinary parameters required: voided volume, 
oxalate, calcium, urate, pH, citrate and magnesium. A repeat 24-hour  urine sample was 
performed for PSF calculation after treatment. Comparison was made between the PSF 
scores before and during treatment.
Results: At baseline, 20 of the 26 patients (77%) had a high PSF score (> 0.5). Of the 
26 patients, 17 (65%) showed an overall reduction in their PSF profiles with a medical 
treatment regimen. Eleven patients (42%) changed from a high risk (PSF > 0.5) to a low 
risk (PSF < 0.5) and 6 patients reduced their risk score but did not change risk category. 
Six (23%) patients remained in a high risk category (> 0.5) during both assessments.
Conclusions: The PSF score reduced following medical treatment in the majority of 
patients in this cohort.
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INTRODUCTION

 Stone disease is an increasingly prevalent 
condition throughout the world with a global ave-
rage lifetime prevalence of around 10% (range 8 to 
22%) (1-5). On average, the recurrence rate is 50% 
within 5 years but some patients form stones much 
more frequently (6). Treatment costs are high (7,8). 
Epidemiological studies have linked stone disease to 
obesity, metabolic syndrome, and also to fluid, pro-
tein and salt intake (9-11). Lifestyle changes, dietary 

strategies and medical therapy have been shown to 
reduce recurrence (12). These preventive strategies 
reduce the recurrence rate and are cost effective (13-
15). In order for prevention strategies to be effective 
an early and objective measure of response would 
help to encourage patient compliance. Various ma-
thematical algorithms have been developed to analy-
se urine biochemistry to determine risk (16-23) but 
none has been adopted universally.  In this study we 
applied the PSF (probability of stone formation) algo-
rithm (22,23) to data from a cohort of Brazilian pa-
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tients before and during treatment to investigate the 
changes in their PSF scores. The aim was to confirm 
that PSF changed appropriately following medical 
therapy and to determine whether PSF might be used 
to help tailor treatment for recurrent stone formers.

MATERIALS AND METHODS

 Data were collected on 26 Brazilian stone-
-formers attending Urolithiasis Metabolism Outpa-
tient Clinics - Paulista State University (UNESP), 
São Paulo, Brazil. This study was approved by the 
Research Ethics Committee of the School of Medi-
cine of Botucatu, UNESP (Protocol CEP 3331-2009) 
and all patients gave their informed consent. De-
tails of patient age, gender, weight and height were 
recorded. A baseline 24-hour  urine sample was 
collected from each patient prior to treatment for 
a full metabolic evaluation. PSF analysis included 
7 urinary parameters: voided volume, oxalate, cal-
cium, urate, pH, citrate and magnesium. The PSF 
algorithm is based on a Bayesian mathematical for-
mula which weights each of the contributory risk 
factors according to a set of “risk curves” derived 
from frequency distributions in a large number of 
idiopathic stone-formers and their controls (22,23). 
The PSF algorithm produces values between 0 and 
1 for 5 different patterns of stone (calcium oxalate, 
urate, calcium phosphate, mixed calcium oxalate 
and urate and mixed calcium oxalate and calcium 
phosphate). PSF scores greater than 0.5 suggest a 
high stone risk (23). All patients in this cohort re-
ceived some form of medication for treating stone 
disease, many received polypharmacy. Details of 
the patients’ medication were recorded. All patients 
were advised to increase their fluid intake in order 
to mantain a colorless urine output (at least 2 li-
ters per day). A repeat 24-hour urine sample was 
performed for PSF calculation during treatment. 
Repeat 24-hour urine collections were performed a 
minimum of 4 months after treatment commenced. 

RESULTS

The cohort included 26 patients (15 women 
and 11 men) with a mean age of 45.4 years (median 
46, range 28-67) and a mean BMI of 27.8 (median 
28.1, range 15.6 - 39.9). All patients had complete 

values for the 7 parameters required for the PSF 
calculation before and during treatment (Table-1).

 The majority of patients were high risk for 
calcium stones before treatment according to the 
PSF scores. For calcium oxalate (p = 0.0004), mi-
xed calcium oxalate/calcium phosphate (p = 0.006) 
and calcium phosphate stone risks (p = 0.002) the-
re were significant overall reductions in PSF sco-
re within the cohort following treatment (paired 
t-test) (Figure-1). There was only one patient in the 
cohort with a high PSF score (> 0.5) for uric acid 
stones (patient 3). This patient’s PSF score dropped 
to almost 0 after treatment. At baseline 20 of the 
26 patients (77%) had at least one high PSF score 
amongst their 5 PSF scores (> 0.5) (Table-2). Of the 
26 patients, 17 (65%) showed an reduction in their 
PSF profiles with an aggressive medical treatment 
regimen (Table-3). 11 patients (42%) changed from 
a high risk (PSF > 0.5) to a low risk (PSF < 0.5) 
in at least one of their PSF scores and 6 patients 
reduced their risk score but did not change risk ca-
tegory. Six (23%) patients remained in a high risk 
category (> 0.5) in both assessments (Table-2). Two 
patients showed an increase in risk between tests 
- one because of a marked increase in urinary oxa-
late (patient 19) and the other because of a major 
decrease in urine volume (patient 26). One patient 
was in the low risk category in both tests (Table-2).

DISCUSSION

This paper highlights several points about the 
metabolic management of stone formers and use of 
the PSF algorithm. The majority of this small cohort 
of Brazilian patients was found to have a high PSF 
score prior to prophylactic treatment.  This suggests 
that the algorithm developed in British populations 
is applicable in a population with a different gene-
tic background and environmental risk factors.  In 
this connection, it has also been shown to apply to 
calculation of the biochemical risk of forming stones 
in populations from the oil-rich states of the Middle 
East where urine composition is very different from 
that in the West and, based on this study, in Brazil (5). 
Furthermore, the majority of patients demonstrated a 
significant reduction in PSF score following medical 
therapy suggesting that the PSF score might be an 
early surrogate for treatment response.
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Table 1 - 24 hour urine values for the 7 param
eters required in the PSF algorithm

 both before and after treatm
ent. 24 hour urine volum

es less than 1.5L / 24hours 
are highlighted in dark grey. For other param

eters those outside norm
al European Association of Urology (EAU) reference values are highlighted light grey and 

those falling outside the EAU suggested lim
its for m

edical attention are highlighted in black.

Baseline 24 hour urine values
Post treatm

ent 24 hour urine values

Patient
Vol. litres

pH
Ca m

m
ol

UA m
m

ol
Cit m

m
ol

Ox m
m

ol
M

g m
m

ol
Vol. litres

pH
Ca m

m
ol

UA m
m

ol
Cit m

m
ol

Ox m
m

ol
M

g m
m

ol

1
1.76

5.8
6.15

3.27
1.49

0.10
2.67

3.26
6.1

3.50
3.59

1.41
0.08

1.60

2
1.4

6.0
4.68

3.12
2.07

0.54
1.32

1.5
5.6

1.88
4.43

1.05
0.08

1.29

3
1.6

5.0
2.56

4.32
1.82

0.24
1.95

1.75
5.0

0.44
2.58

2.08
0.10

2.42

4
2.5

6.2
7.80

4.91
0.65

0.64
5.96

2.4
5.0

3.24
4.20

2.38
0.12

1.39

5
1.56

6.0
3.39

2.29
0.80

0.80
3.80

0.9
6.3

0.77
1.73

0.35
0.13

2.88

6
1.65

6.0
5.20

4.25
4.57

0.34
3.12

1.05
6.0

4.43
4.12

4.68
0.16

4.36

7
2.5

6.0
5.75

2.22
0.86

0.20
3.80

1.9
7.0

3.08
1.75

5.44
0.20

3.00

8
1.3

6.0
11.40

2.67
4.60

0.45
4.69

0.8
6.0

3.55
4.00

4.77
0.24

2.51

9
1.5

6.1
7.53

2.99
3.48

0.17
5.06

1.7
5.5

4.17
1.12

3.48
0.26

3.33

10
4.28

5.0
19.80

6.58
10.31

0.26
4.89

4.28
6.0

20.53
5.42

9.23
0.26

3.16

11
1.65

6.0
5.55

2.99
2.79

0.16
3.04

2.54
5.0

3.18
2.87

2.10
0.27

3.59

12
1.2

6.0
2.60

1.61
0.17

0.64
4.19

1.45
5.6

6.33
1.48

0.23
0.29

3.12

13
1.4

5.5
4.23

1.83
1.56

0.35
2.67

1.35
5.0

3.02
2.25

3.47
0.32

1.22

14
1.55

6.5
5.30

3.21
1.74

0.32
1.32

2.42
6.2

4.90
3.79

3.40
0.32

1.29

15
1.8

5.6
6.30

2.94
1.94

0.36
1.41

1.56
5.9

0.78
2.05

2.11
0.36

0.82

16
1

6.0
7.43

2.37
2.15

0.70
3.12

2
6.0

6.15
3.45

2.27
0.37

2.88

17
1.29

5.9
5.45

2.19
1.44

0.50
2.38

2
5.6

4.15
1.67

3.24
0.46

3.29

18
1.5

6.0
5.38

3.55
2.59

0.59
3.90

2.42
6.0

4.45
3.41

1.86
0.49

3.16

19
0.86

7.0
3.45

2.31
5.99

0.04
3.29

1.72
7.0

7.53
2.76

7.79
0.50

2.85

20
1.71

5.9
9.60

5.09
0.20

0.46
1.40

2
6.0

2.90
2.77

2.64
0.53

1.15

21
2

6.5
10.50

2.50
2.53

0.75
4.85

1.8
6.9

6.10
2.52

2.48
0.67

6.25

22
2.2

5.0
3.85

1.96
2.15

0.71
4.23

1.88
5.9

0.41
2.66

0.91
0.71

2.17

23
1.76

6.0
2.50

1.12
1.78

0.94
0.86

1.35
6.0

4.45
3.36

8.49
0.73

2.59

24
1

6.0
1.73

3.72
2.69

0.74
0.99

1.23
6.0

1.73
3.72

2.69
0.74

0.99

25
1.2

6.2
7.35

3.97
0.52

0.93
2.55

1.4
6.0

5.35
3.12

1.11
0.93

2.71

26
1.76

5.7
6.60

4.40
1.40

0.65
4.05

1.03
7.0

2.68
3.37

3.22
1.18

3.12
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 As demonstrated by the patients in this 
cohort, there are often abnormalities in 24-hour 
urine collections and it is difficult for the treating 
physician to know which are most significant and 
which to treat. The PSF algorithm weights each of 
the parameters to produce an overall risk. Althou-
gh single factors may be within normal or just 
outside normal limits they can alter the overall 
risk profile significantly.

 These data also emphasise how important it 
is to determine which aspects of a patient’s urinary 
profile contribute most to stone risk. Several patients 
in this cohort remained at high risk despite medical 
treatment. For the most part, this was due to persis-
tently high urinary oxalate levels which will not be 
addressed by the routine pharmacotherapy prescri-
bed in this cohort.

 The limitations of this study are its small co-
hort size, the use polypharmacy which makes analy-
sis of effect of individual drugs impossible, a single 
24 hour urine collection before and after treatment 
and the absence of data on dietary influence or de-
tails of stone type. Larger, more comprehensive stu-
dies are required to validate further the use of PSF 
scoring in the management of stone disease over 
longer periods of treatment.  Ideally, this should be 
correlated with a reduction in stone recurrence rate.

 In order to reduce stone risk a holistic 
approach to risk determination must be taken 
and a personalized treatment plan including 
lifestyle, dietary advice, and pharmacotherapy 
should be advocated. Ideally, PSF score should 
be used in conjunction with dietary and lifes-
tyle information to create a personalized tre-
atment plan. Patients should be reviewed with 
repeat tests to check compliance.

CONCLUSIONS

 In conclusion, the PSF score changed 
from high to low risk following medical treat-
ment in the majority of patients in this cohort. 
This makes PSF score a potentially useful short-
-term surrogate marker to assess stone risk. PSF 
score may be used as part of a more comprehen-
sive evaluation of stone risk to reduce the like-
lihood of recurrent stones in individual patients.

CONFLICT OF INTEREST

Benjamin Turney, William Robertson, Oli-
ver Wiseman, are directors of StoneScreen Ltd a 
company that provides advice for stone formers.

Other authors have no conflict of interest.

Figure 1 - Graphs to show mean PSF score and standard deviation in each PSF category for the 26 patients in the study. PSFs 
above 0.5 are considered high.
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Table 2 - Com
parison of PSF scores at baseline and follow

ing treatm
ent. The PSF scores give probabilities for each type of stone (UA - uric acid, CaOx – calcium

 oxalate, CaP 
– calcium

 phosphate). Overall there is a significant reduction in the PSF scores after treatm
ent  (paired t test, p<0.0001). Values range from

 0 to 1 and the higher the value the 
greater the risk of form

ing that type of stone. Those approaching the threshold of 0.5 are highlighted in light grey and those above the threshold of 0.5 are highlighted in black.

Baseline PSF
Post treatm

ent PSF

Patient
UA

UA / CaOx
CaOx

CaOx / CaP
CaP

UA
UA / CaOx

CaOx
CaOx / CaP

CaP

1
0.00

0.00
0.23

0.13
0.58

0.00
0.00

0.03
0.04

0.48

2
0.00

0.00
0.96

0.96
0.51

0.00
0.00

0.16
0.05

0.15

3
0.94

0.82
0.22

0.01
0.01

0.00
0.00

0.01
0.00

0.00

4
0.00

0.00
0.86

0.90
0.86

0.01
0.00

0.04
0.00

0.02

5
0.00

0.00
1.00

1.00
0.53

0.00
0.00

0.11
0.18

0.43

6
0.00

0.00
0.21

0.20
0.16

0.00
0.00

0.17
0.15

0.09

7
0.00

0.00
0.10

0.09
0.67

0.00
0.00

0.00
0.03

0.28

8
0.00

0.00
0.95

0.94
0.66

0.00
0.00

0.87
0.86

0.14

9
0.00

0.00
0.15

0.17
0.48

0.00
0.00

0.02
0.00

0.05

10
0.00

0.00
0.08

0.00
0.03

0.00
0.00

0.09
0.08

0.58

11
0.00

0.00
0.10

0.10
0.40

0.00
0.00

0.04
0.00

0.02

12
0.00

0.00
1.00

1.00
0.62

0.00
0.00

0.75
0.46

0.78

13
0.00

0.00
0.45

0.15
0.19

0.00
0.00

0.12
0.00

0.01

14
0.00

0.00
0.61

0.82
0.85

0.00
0.00

0.08
0.12

0.42

15
0.00

0.00
0.52

0.24
0.39

0.00
0.00

0.07
0.04

0.08

16
0.00

0.00
1.00

1.00
0.78

0.00
0.00

0.35
0.33

0.54

17
0.00

0.00
0.98

0.97
0.66

0.00
0.00

0.09
0.03

0.08

18
0.00

0.00
0.96

0.95
0.38

0.00
0.00

0.24
0.22

0.43

19
0.00

0.00
0.04

0.21
0.54

0.00
0.00

0.30
0.73

0.59

20
0.00

0.00
0.99

0.99
0.97

0.00
0.00

0.25
0.23

0.23

21
0.00

0.00
0.97

0.99
0.92

0.00
0.00

0.86
0.97

0.80

22
0.00

0.00
0.45

0.03
0.02

0.00
0.00

0.74
0.66

0.18

23
0.00

0.00
0.99

0.99
0.31

0.00
0.00

0.99
0.99

0.10

24
0.00

0.00
1.00

1.00
0.07

0.00
0.00

1.00
1.00

0.09

25
0.00

0.00
1.00

1.00
0.97

0.00
0.00

1.00
1.00

0.74

26
0.00

0.00
0.98

0.96
0.52

0.00
0.00

1.00
1.00

0.34
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Table 3 - Medications used by patients in the cohort following baseline evaluation.

Drug Number of patients (%) Drug Number of patients (%)

Either KCit or MgCit 21 (81%) Statins 5 (19%)

Potassium Citrate (KCit) 18 (69%) OxMg 4 (15%)

Hydrochlorothiazide 17 (65%) Drugs for type 2 diabetes 4 (15%)

Antihypertensive 15 (58%) antidepressants 2 (8%)

Allopurinol 13 (50%) Antibiotics 2 (8%)

Magnesium citrate (MgCit) 7 (27%) others 3 (12%)
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Value of color doppler ultrasound, kub and urinalysis in 
diagnosis of renal colic due to ureteral stones
_______________________________________________
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Purpose: Despite the routine use of helical CT in diagnosis of renal colic, there are 
recent concerns regarding the radiation exposure, overuse and costs. We attempted in 
this retrospective study to evaluate the accuracy of ultrasound (gray-scale and color 
Doppler with twinkling), KUB and urinalysis in diagnosis of renal colic due to ureteral 
calculi presented in Emergency Room.
Materials and Methods: A total of 939 consecutive cases of renal colic presented to 
ER have been managed and evaluated by ureteral ultrasound, KUB and urinalysis for 
the presence of ureteral stones. Non-confirmatory cases were subjected to Helical CT 
examination.
Results: Renal and ureteral ultrasound (gray-scale) alone detected ureteral calculi in 
615 cases (65.4%) and after utilizing Color Doppler Ultrasound with twinkling the 
diagnosis was made with confidence in 935 cases (99.6%) but 4 (0.4%). KUB showed 
radiopaque stones in 503 (53.6%) patients and no stones were detected in 436 (46.4%). 
Microhematuria presented in 835 (88.9%) cases while absent in 102 (10.9%). There 
were 190 (20.3%), 77 (8.2%) and 671 (71.5%) patients with upper, middle and lower 
ureteral stones respectively. The simultaneous positive findings in US and KUB with 
microhematuria were found only in 453 (48.2%) cases.
Conclusions: The use of Color Doppler ultrasound with twinkling increased the de-
tection rate of ureteral stones in acute renal colic patients presented to ER with less 
radiation exposure. Ultrasound examination as a single modality is superior to KUB 
and urinalysis in initial diagnosis of renal colic.

Key words:
Renal Colic; Ultrasonography; 
Calculi; Ureter; Hematuria
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INTRODUCTION

Acute flank pain is one of the most com-
mon presentations in ER. CT is generally accepted 
as the imaging study of choice to evaluate pa-
tients with flank pain in emergency department 
(1). In 1995, Smith et al. described the use of he-
lical CT in patients suspected of having acute re-
nal colic (2). Recently, there is growing awareness 
and concerns about the overuse of CT in evalua-

tion of patient with acute flank pain particularly 
the radiation effects and potential health hazards 
during follow-up of stones (3). Instead of the re-
cent advancement in US technology, most of the 
radiologists have difficulty in localization of the 
ureteric stones especially if the gray-scale ultra-
sound is not conclusive. The twinkling in color 
Doppler images is an artifact created by a rapi-
dly changing series of colored horizontal bars 
that appear beyond the reflex surfaces assuming 
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a triangular shape when highly evident (4). Many 
recent studies have reported and encouraged the 
use of twinkling sign to improve the accuracy of 
ultrasound to detect renal and ureteral stones (5). 
In this retrospective study, we evaluated the use of 
US (gray-scale and Color Doppler), KUB and urine 
analysis in diagnosis of renal colic due to ureteral 
calculi in patients presented to ER.

MATERIALS AND METHODS

Patients’ data
 After approval of Institutional Review Bo-

ard, we conducted this retrospective study by re-
viewing the medical records of patients diagnosed 
with acute renal colic in the emergency room from 
January 2003 to December 2010. The patients were 
identified by using ICD-9 codes and were confir-
med by charts review. The patients were evaluated 
for flank pain in the form of general and local 
examinations. After control of pain, the patient 
underwent immediate radiological examinations 
in the form of plain x-ray of the abdomen (KUB) 
and ultrasound scanning (gray-scale and color 
Doppler) of both flanks. Microscopic urine exa-
mination was performed and more than 3 RBCs/
HPF was considered significant and counted. The 
findings of KUB were interpreted by two separate 
independent conventional radiologists who were 
blinded to the results of the ultrasound findings. 
US examinations (gray-scale and color Doppler 
with twinkling) were performed by another two 
senior ultrasonographists.

Ultrasound Technique
 No bowel preparation or full bladder was 

mandatory as most of the patients arrived with 
acute renal colic. All US examinations were per-
formed by using three models of Ultrasound ma-
chines that were available during the study period 
(Toshiba Power Vision 6000, Model: 370A-SSA, 
Japan, Toshiba Aplio, Model USEL-790A, Japan 
and Philips iU22 - Bothell WA, USA). A multi-
-frequency convex abdominal transducer with 
frequency of 1 to 6 MHz was used. A diagnostic 
criterion was direct visualization of the calculus 
in the ureteric lumen with or without associated 
hydronephrosis. Symptomatic side was screened 

to assess the degree of hydronephrosis and for 
possible stones in the kidney, pelvis or upper ure-
ter. If no definite stone was visualized, the bladder 
and the vesicoureteral junction were screened for 
possible calculi. If no stone was identified at these 
sites, the effort was made to trace the ureter from 
the renal pelvis till the iliac crossing. Graded com-
pression with insinuation helped in localization of 
the stone at this site by decreasing the distance be-
tween the transducer and ureter. Ultrasound scan-
ning of full bladder was not necessary in every 
case as filling of the bladder was not possible in 
all patients due to severe pain and possible lower 
ureteric calculus causing frequency of urination; 
in addition, an over distended bladder hindered 
detection and limited the amount of pressure that 
can be applied to the bladder. Once the stone was 
identified, the gray-scale ultrasound was used to 
measure the long axis of the stone and its leng-
th was recorded. The location of the stone was 
recorded as upper, middle and lower accordingly. 
For visualization of the posterior acoustic shado-
wing of the stone, focal zones were always placed 
at the depth of or slightly deeper than the stone 
level, with careful control of the B-mode gain set-
ting. Color Doppler was applied over the site of 
the stone and twinkling sign was observed, a red 
and blue color map was used. The color window 
size was adjusted to cover the concerned area and 
adjacent tissue. The color Doppler gain was set to 
the point just below the threshold for color noise. 
When the twinkling sign was clearly obtained, po-
wer Doppler was also used to differentiate betwe-
en the surrounding vessels and the ureter. In addi-
tion, color Doppler also helped in differentiation 
between stasis and prominent vessels at the renal 
hilum in certain cases. If there was no evidence 
of stones by Doppler ultrasound, then the patient 
was submitted to helical CT for further evaluation. 
The patients were followed up for a period of 7-8 
weeks. A definite diagnosis was made when the 
patient passed a stone either spontaneously or af-
ter intervention.

Statistical analysis

 Age and sex of the patients, stone site, size 
and side in addition to urine analysis results were 
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retrieved from the medical charts. Data were analyzed 
by using SPSS version 15.0 (SPSS, Chicago Illinois, 
USA). The correlation between diagnostic tools (KUB, 
US), patients’ characteristics (age and sex) and stones 
characteristics (site, size and side) was performed by 
using chi-square test. A value of p ≤ 0.05 was consi-
dered statistically significant. 

RESULTS

 Out of 939 patients, there were 825 males 
(87.9 %) and 114 females (12.1%). Male to female 
ratio was 7:1. Age range (mean ± SD) was 9-80 
years (37.9 ± 11). Our study found that renal ultra-
sound (gray-scale) when used alone detected calcu-
li in 615 cases (65.4%) and after utilizing CDU with 
twinkling sign, the diagnosis was made with con-
fidence in 935 cases (99.6%) which is statistically 
significant (p < 0.05) (Table-1) and the twinkling 
was consistent in all confirmed cases (Figures 1A, 
1B and 2). The overall sensitivity and specificity 
of CDU were 99.6% and 100% respectively. There 
were 4 (0.4%) patients in whom the stones could 
not be found neither by gray scale or color Dop-
pler ultrasound and were not seen in KUB but the 
clinical scenario of pain and microhematuria war-
ranted the employment of helical CT. In the latter 
group, the stones were confirmed by helical CT. The 
stones were located in the lower ureter in all 4 pa-
tients and the size of stones ranged from 3-5mm. 
The KUB showed radiopaque stones in 503 (53.6%) 
cases and no stones were visualized in 436 patients 
(46.4%) (Table-2). Microhematuria was present in 
835 cases (88.9%) with specificity of 89.1%, while in 

Table 1 - Detection rate and distribution of ureteral stones in 935 cases (bilateral in 4 cases) after comparison between gray 
scale ultrasound and color Doppler ultrasound.

Gray-scale ultrasound Color Doppler ultrasound

Site Number % Number %

Upper 105 11.1 % 190 20.3 %

Middle ureter 30 43.1 % 77 8.2 %

Lower 480 51.2 % 672 71.5 %

Total 615 (65.4%) 939 (99.6%)

Figure 1A - Grey scale ultrasound of stone in the left middle 
ureter with posterior shadowing.

Figure 1B - Middle ureteral stone after application of color 
Doppler ultrasound with twinkling.
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102 cases (10.9%) the urine was negative (Table-3) . 
There were 190 (20.3%), 77 (8.2%) and 671 (71.5%) 
upper, middle and lower ureteral stones respecti-
vely (Table-1). Right side stones were seen in 438 
(46.7%) patients while left side stones were seen 
in 499 (53.3%). Stones were detected bilaterally in 
4 cases (0.4%). The range of stones size (mean ± 
SD) was 3-26mm (7.5 ± 2.7). Simultaneous positive 
findings in US and KUB combined with microhe-
maturia were found only in 453 (48.2%) cases. US 
(gray and color Doppler) results were independent 
from any other factor while KUB results of stones 
were significantly related to site, side, size of sto-
nes, age of patient and urine analysis (p = 0.000, 
0.042, 0.005, 0.000, 0.016 respectively). Microhe-
maturia was related to stone size (p = 0.008).

Table 2 - Site and size of ureteral stones by KUB in 939 cases.

Site Radiopaque % Radiolucent % Mean stone
Size (mm)

Upper 139 77.6 % 51 11.7 % 11.7 ± 1.8

Middle ureter 42 8.3 % 35 8.1 % 7.1 ± 0.8

Lower 322 64.1 % 350 80.2 % 7.6 ± 0.29

503 (53.6%) 436 (46.4%)

Figure 2 - Stone in the lower end of the ureter by gray scale 
ultrasound and the twinkling sign after the application of 
the color Doppler ultrasound.

DISCUSSION

 The diagnostic approach of acute flank 
pain is controversial and can vary from center to 
center, city to city or country to country depen-
ding on what is considered acceptable. Important 
factors include the local prevalence of stone dise-
ase, medical resources available, relative costs in 
a particular system, and the merits and limitations 
of each diagnostic modality (6). Although CT is 
the gold standard for diagnosis of renal colic, it 
is not available outside hospital facilities and is 
costly (7). There are recent concerns regarding the 
radiation exposure during CT examinations and 
its indiscriminate use. Moreover, many patients 

may receive an additional radiation dose during 
follow-up studies (if a calculus is not expelled) 
or with new episode of colic and the cumulative 
effective doses of radiation from imaging proce-
dures increased with advancing age (8,9).

 Although ultrasound is a safe diagnostic 
tool, medical literature data on its use in diagnosis 
of acute renal colic is quite heterogeneous with 
big difference between studies. Many authors re-
ported that sonography has limited role in diagno-
sis of ureteral calculi, but these data were from the 
1980s and 1990s and this opinion is conflicted by 
recent studies (10-12). There is a recent study that 
has reported the sensitivity and specificity of so-
nography, 93% and 95% respectively, by definite 
demonstration of lithiasis with new sonographic 
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equipments and technologies (13).In our study, 
gray-scale ultrasound examination alone detected 
ureteral calculi in 65.4% of patients presented to 
ER with low specificity. The twinkling artifact was 
first described in 1996 by Rahmouni et al., as a 
sign generated by a highly reflective object that, 
despite being stationary, would generate a rapid 
alteration between red and blue when interroga-
ted with color Doppler sonography (4). Although 
it was first described many years ago, the diagnos-
tic value of twinkling in renal lithiasis is generally 
unacknowledged (14,15). In the present study, the 
gray-scale Ultrasound sensitivity and specificity 
increased significantly when CDU was used with 
twinkling, where 99.6% of stones could be located 
with great confidence which is similar to results 
of recent studies (5,9). Regarding the echographic 
identification of ureterolithiasis, there are nume-
rous studies with quite contradictory results and 
with a very wide range of values, the sensitivity 
of the method ranging between 19% and 96% (16-
18). Our study showed the echographic identifica-
tions of ureteral calculi in 65.4% only. As there 
are different stone sizes and shapes, the twinkling 
sign can not differentiate between different types 
of stones albeit the results were consistent and in-
dependent of stones sizes. In 4 cases of our stu-
dy (false negative), localization of ureteral stones 
could not be defined neither after using gray scale 
nor application of CDU, afterward helical CT lo-
calized the stones at lower ureter. These patients 
were obese and their BMI was over 35. Similarly, 
Lee et al. reported that 4 of 20 renal stones and 2 
of 16 ureteral stones did not show any twinkling 
sign. The authors suggested that ureteral stones 
may be influenced more than renal stones by ul-
trasonic attenuation of interposed tissues because 
the ureter is deeply seated below abundant fat-

ty tissue without a proper acoustic window (19). 
Others suggested reservation of CT for those pa-
tients who first have negative or equivocal results 
for KUB and sonography and this notion was ap-
plied in some of our cases (20). The size of stones 
in our study ranged from small sized to large ones 
(3-26mm) with twinkling artifact consistently ge-
nerated in 99.6% of cases which was independent 
of stone size and site. In the same way, Park et al. 
have documented the usefulness of the twinkling 
artifact in confirming the presence of small stones 
in 86% of cases (9). The application of CDU with 
twinkling needed a systematic screening of the 
ureter from the renal pelvis till the vesicoureteral 
junction with graded compression on the ureter 
especially if the stone is suspected in the mid-ure-
ter or at the crossing of iliac vessels to reduce the 
distance between transducer and the ureter. This 
maneuver is similar to Puylaert technique of gra-
duated compression in diagnosis of acute appen-
dicitis (21). In recent studies, one group waited for 
24 hours then scanned the patient, another study 
prepared the patient before ultrasound examina-
tion with intravenous drip infusion (5,9). Conver-
sely, in our series the patients were scanned within 
2 hours of presentation to ER without special pre-
paration or specific protocols of hydration. The-
refore, this uniformity of ultrasound examination 
minimized the possibility of changes in stone loca-
tion or the degree of ureteral dilatation that could 
affect the twinkling artifact quality and detection. 
Moreover, we did not find any association between 
the location of the stone and twinkling genesis. The 
twinkling generation was not related to ureteral di-
latation or hydronephrosis. Lee et al. have reported 
the same conclusion (19).

 In our study we found that 20.3% of the 
stones were located in upper ureter and only 8.2% 

Table 3 - Relation between microhematuria and stone site in Color Doppler examined cases.

Upper 180 21.5% 10 8.1%

Middle ureter 72 8.0% 6 5.8%

Lower 583 69.9% 86 84.1%

Positive 835 (88.9%) Negative 102 (10.9%)



ibju | Value of color doppler ultrasound, kub and urinalysis in diagnosis

518

in the middle ureter while most (71.5%) were situ-
ated in the lower ureter. Saita et al. determined the 
success rates of US according to the localization of 
the stone and they reported success rates of 82.2% 
in the proximal and 68% in the distal ureter (20). 
Other authors reported that approximately 65% of 
acutely presenting calculi impact in the lower seg-
ment of the ureter, therefore US has the potential 
to provide diagnostic follow up in a substantial 
number of individuals (22). Interestingly, we have 
used three ultrasound machines of different models 
and the results of twinkling artifact were reprodu-
cible. Although Aytac et al. (15) reported that the 
twinkling sign depends on the color sensitivity and 
the acoustic output of the ultrasound unit, we did 
not notice such observation.

 KUB, when used alone in renal colic, is of 
limited diagnostic value with a sensitivity of 53-
62% and specificity of 67-69% for the detection of 
ureteral calculi; in our series KUB detected radio-
paque stones in 53.6% of renal colic cases which 
is similar to others (23,24). KUB was sufficient to 
document the size and site of radiopaque calculi 
as upper ureteral stones were more common than 
lower ureteral stones in this study (p < 0.001). Ho-
wever, 46.4% of stones were not visible in x-ray 
of our cases. KUB in young patients was signi-
ficantly better in detection of stones than older 
age group (p = 0.005). This improvement may be 
either due to less soft tissue density or stone types 
but its significance should be weighed against ex-
penses of radiation exposure.

 Urinalysis has been widely accepted as a 
standard test for diagnosing acute renal colic, unli-
kely the incidence of negative hematuria in patients 
with ureterolithiasis has been reported to be 9% to 
33% (25,26). In our study, microhematuria was de-
tected in 88.9% of patients and absent in 10.9%. We 
also have observed that microscopic hematuria was 
common with lower ureteral stones (69.6%) and 
was related to stone size and noteworthy, was com-
mon with radiopaque than radiolucent stones (p = 
0.016). Interestingly, in this retrospective study the 
urinalysis was requested at the initial presentation 
of renal colic to minimize possibility of false nega-
tive results since other authors found the incidence 
of negative hematuria is highest on the days 3 and 
4 after initial presentation of renal colic (27).

 Finally, there are some limitations of our 
study; it is a retrospective with its inherited shor-
tcomings, the ultrasound did not show the associa-
tion between the twinkling signs and the type of 
the stones, lastly we did not report on the outcome 
of renal colic cases despite the sufficient period 
of follow-up. However, our study was designed 
to determine the value of CDU with twinkling in 
the initial diagnosis of acute renal colic and is the 
largest cohort of renal colic patients diagnosed by 
using this technique. We feel that these encoura-
ging results are of potential usefulness in the cli-
nical practice with less cost, easy availability and 
mobility of ultrasound.

CONCLUSIONS

 The present study emphasized that utiliza-
tion of color Doppler ultrasound with twinkling in 
trained hands can provide an excellent alternative 
modality with high sensitivity and specificity in 
diagnosis of acute renal colic and should be em-
ployed at initial presentation in ER.

ABBREvIATIONS

KUB = Kidney, Ureter, Bladder
CDU = Color Doppler Ultrasound
CT =Computed Tomography
ER = Emergency Room
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A new problem in inflammatory bladder diseases: Use of 
mobile phones!
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________
Purpose: Technological developments provide a lot of conveniences to our lives. This is-
sue is one of the risks that arise along with these conveniences. In our study we tried to 
understand the impact of electromagnetic waves from mobile phones on bladder tissue.
Materials and Methods: Twenty-one adult male albino rats were divided into three equal 
groups. Group 1 was exposed to electromagnetic wave for 8 hours per day for 20 days 
and then their bladders were taken off immediately. Group 2 was firstly exposed to elec-
tromagnetic wave for 8 hours per day for 20 days then secondly another for 20 days wi-
thout exposition to electromagnetic wave and then their bladders were taken off. Group 
3 was the control group and they were not exposed to electromagnetic wave.
Results: Under microscopic examination of bladder tissue, in the first group severe 
inflammatory cell infiltration was seen in lamina propria and muscle layer in contrast 
to intact urothelium. In the second group mild inflammatory cell infiltration was seen 
in lamina propria and muscle layer. The mean scores for the three groups were 5.5 ± 
2.5, 0.8 ± 1.3 and 1.2 ± 1.5 respectively. Mean score of group 1 was statistically higher 
than others (p = 0.001).
Conclusion: Intensive use of mobile phones has negative impact on bladder tissue as 
well as the other organs. Keeping a minimum level of mobile phone use makes it easy 
to be kept under control of diseases in which inflammation is an etiologic factor.
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INTRODUCTION

In daily life people are in electromagne-
tic field and exposed to electromagnetic wave 
(EMW). Mobile phones and base stations, whi-
ch emit electromagnetic waves, are increasin-
gly used. Nowadays studies showed the harmful 
effects of these waves on human health, so that, 
this issue is becoming a major health problem. 
Electromagnetic waves from mobile phones 
affect human beings by thermal and non-thermal 
ways (1). Thermal effects are caused by electro-
magnetic waves absorbed by body and converted 

to heat that cause raise in body temperature (2). 
On the other hand, non-thermal effects leads to 
damage of brain function, sleep disorders and 
headaches. Also, electromagnetic waves can cau-
se DNA damage (3).

 Recently, the incidence of nonmalignant 
bladder diseases such as interstitial cystitis (IC) 
and overactive bladder syndrome has been incre-
asing. Etiology of these diseases is still unknown. 
Mast cell is blamed for etiology of bladder IC (4). 
Damage of urinary bladder mucosa and activated 
mast cell has been shown in biopsy series in blad-
der interstitial disease patients (5,6).
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 Technological developments provide a lot of 
conveniences to our lives. This issue is one of the 
risks that arise along with these conveniences. In our 
study we tried to understand the impact of electro-
magnetic waves from cell phones on bladder tissue.

MATERIALS AND METHODS

 Twenty-one adult male Wistar Albino rats 
were divided into 3 equal groups. Each group was 
locked separately in a 40 x 60cm standard cage. 
Group 1 was exposed to mobile phone for 8 hours 
talk time and 16 hours standby per day for 20 
days. Then bladders of these rats were taken off. 
Group 2 was firstly exposed to EMW for 20 days 
(same as first group) then secondly waited for 20 
days without exposition to electromagnetic wave 
to the bladders being taken off. Group 3 was the 
control group and they were observed in labora-
tory for 20 days without exposition to EMW and 
then the bladders were also taken off. All rats were 
housed in an environment with 12 hours light, 12 
hours darkness, temperature of 21ºC and ambient 
humidity of 40-60% and food ad libitum (MBD 
Experimental Animals Feed, Gebze, Turkey) and 
water supply. In the present study, Philips Genie 
900® (Singapore) cell phone was used as a 1800-
MHz continuous wave electromagnetic energy ge-
nerator which has the highest specific absorption 
rate (SAR, 1.52 W/kg) on the market. Mobile pho-
nes were fixed 1cm above cages. Mobile phones 
were connected to 24 hours charge and they had 8 
hours talk time and 16 hours standby per day. Rats 
were sacrificed with high dose pentobarbital. An 
abdominal incision was made to remove the blad-
ders. The bladders were prepared for examination 
by light and electron microscopy. All experimen-
tal protocols were approved by the Animal Care 
and Use Committee of the Marmara University, 
School of Medicine, Istanbul, Turkey.

Light Microscopic Preparation
 For histopathologic examination, samples 

were taken from bladder and they were fixed with 
10% formaldehyde solution then passed through a 
series of alcohol and became transparent by tolue-
ne solution and embedded in paraffin. Approxima-
tely 5µm thick paraffin sections were stained with 

hematoxylin and eosin (H&E) for general morpho-
logic examination. A histopathologic scoring sys-
tem for examined tissue was used as follows; 0: 
none, 1: mild, 2: moderate, 3: severe. Damage in 
urothelium (score 0-3), mucosal inflammatory cell 
infiltration (score 0-3) and mucosal and muscu-
lar inflammatory cell infiltration (score 0-3) were 
scored in examined tissue. At least 5 microscopic 
fields were examined for scoring. Two researchers 
examined all preparations and final score were gi-
ven by consensus. Total score was between 0-9. 
For the observation of granulated and degranu-
lated mast cells, 5µm thick paraffin sections were 
stained with 1% acidified toluidine blue (pH 2.5). 
All the stained sections were examined by Olym-
pus BX51 photomicroscope (Tokyo, Japan).

Transmission Electron Microscopy Pre-
paration

 For transmission electron microscopic exa-
mination, samples were taken from bladder than 
were fixed with 2.5% glutaraldehyde in phosphate 
buffered solution (PBS, 0.1 M, pH 7.4) then post 
fixed with 1% osmium tetroxide in PBS. Samples 
passed through a series of alcohol to dehydration 
and then polymerized in the Epon 812 at 60ºC. 
Approximately 60nm thick ultrathin sections were 
contrasted with uranyl acetate and lead citrate and 
the sections were observed using a transmission 
electron microscope (JEOL 1200 EXII TEM, Tokyo, 
Japan) at 80kV accelerating voltage and photogra-
phed with a side mounted digital camera (Morada 
Soft Imaging System, Olympus, USA).

Statistical analysis

 For statistical analysis Mann-Whitney U 
test was used via SPSS® 13.0 for Windows. P < 
0.05 was considered statistically significant.

RESULTS

 Microscopic examination of bladder tissue 
revealed regular morphology in mucosa, muscle 
and adventitia layers (Figure-1A) and a few granu-
lated mast cells (Figure-1B) in mucosa was seen in 
the control group (Group 3). In the second group, 
it was observed regular urothelium morphology, 
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moderate inflammatory cell infiltration in lami-
na propria and the muscle layer (Figure-2A) and 
mildly increased both granulated and degranula-
ted mast cells in mucosa (Figure-2B). Finally in 
the first group, urothelium also displayed regular 
morphology, severe inflammatory cell infiltration 
in lamina propria and the muscle layer (Figure-
-3A) and severely increased both granulated and 
degranulated mast cells (Figure-3B) were obser-
ved in mucosa.

 In electron microscopic examination of 
bladder tissue, regular ultrastructure of urothelium 
was seen in the control group (Group 3) (Figure-
-1C). In the second group generally regular mor-
phology was seen in urothelium, however near the 
lumen of bladder infiltrated mast cells between 
urothelial cells (Figure-2C) were observed. In first 
group vacuoles were increased in some urothelial 
cells and intercellular connections were interrup-
ted (Figure-3C).

 The mean scores for the three groups were 
5.5 ± 2.5, 0.8 ± 1.3 and 1.2 ± 1.5 respectively. 
In the statistical evaluation between groups the-
re was no significant difference between groups 2 
and 3 (P > 0.05). On the other hand, group 1 was 
significantly higher than the other two groups (P 
= 0.001) (Table-1).

DISCUSSION

 Technological developments bring many 
innovations to our daily lives. While these inno-
vations facilitate our daily lives there are some 
disadvantages that threaten human health. Elec-
tromagnetic waves emitted from hair dryers, 
computers, microwave ovens and mobile phones, 
which are being increasingly used have many ne-
gative side effects on human health (7-9).

 Inflammatory bladder diseases have been 
increasing day by day. These diseases adversely 
affect the quality of life of patients. Etiology of 
these diseases is still not well known. The rela-
tionship between EMW and inflammatory bladder 
disease is one of the topics to be explored.

 There are many stimuli of mast cells that 
are accused in the pathogenesis of bladder, gut 
and skin diseases. Some of them include antigens, 
bacteria, chemicals, drugs, radiation, toxins, and 

Figure 1 (Group 1) - Regular morphology in mucosa, 
muscle and adventitia layers (A), a few granulated 
mast cells (B) in lamina propria, regular ultrastructure 
of urothelium (C). A) H&E staining, original 
magnification: x100; B) Toluidine blue staining, 
original magnification: x400; C) Electron micrograph, 
original magnification: X3000.

A

B
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Figure 2 (Group 2) - Regular morphology in urothelium (u), 
severe inflammatory cell infiltration (arrow) in lamina propria 
and muscle layers (m)  (A), a few both granulated (arrow) and 
degranulated (arrowhead) mast cells (B) in lamina propria, 
regular urothelial cells with intercellular spaces and mast 
cell (arrow) between the urothelial cells (C). A) H&E staining, 
original magnifications: x100, inserts: x200, B) Toluidine 
blue staining, original magnification: x400, insert: x1000, C) 
Electron micrograph, original magnification: X5000.

Figure 3 (Group 3): Regular morphology in urothelium (u), 
severe inflammatory cell infiltration (arrow) in lamina propria 
and muscle layers (m) (A), severe increase in both granulated 
(arrow) and degranulated (arrowhead) mast cells (B) in 
lamina propria, many vacuoles in the cytoplasm of urothelial 
cells (arrow) (C). A) H&E staining, original magnifications: 
x100, inserts: x200, B) Toluidine blue staining, original 
magnification: x400, inserts: x1000, C) Electron micrograph, 
original magnification: X5000.
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B
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some viruses (10). In our study we show that use 
of mobile phones increased mast cell number and 
activity in bladder tissue. These findings were ob-
served to be reversible with termination of expo-
sure to EMW. But in the clinic the impact of these 
conditions is not yet known. Clinical trials would 
determine whether improvement in pathology brin-
gs with it a clinical improvement.

 The relationship between IC and mast 
cells has been shown in several clinical trials (4). 
IC has symptoms like supra pubic/pelvic pain and 
pollakiuria, and IC is more prevalent in women (4). 
Mast cells, which are one of the immunological 
cells derived from bone marrow may have impor-
tant roles in etiology of non-allergic inflammatory 
bladder, gastrointestinal and skin diseases in ex-
perimental model of inflammation (4,11,12). From 
our study we suggest an increase in activity of mast 
cells because there were many of both granulated 
and degranulated cells in mucosa seen by light mi-
croscopic examination. It has been shown in pre-
vious studies that IgE and antigens cause mast cell 
degranulation (10). In our study we show that mo-
bile phones also have the same effect on mast cells.

 In models of bladder injury made by intra-
vesical chemical agents, systemic chemical agents, 
physiologic and physiologic stress stimulants, the 
importance of glycosaminoglycan (GAG), gap 
junctions in urothelium, and mast cell activation 
via neuroimmunendocrine pathway was shown 
(13). By mast cell activation many proinflamma-
tory mediators can cause damage to the bladder 
wall (13). In our study we observed increased va-
cuoles in some urothelial cells and dilatation of 
intercellular connections in group 1. These findin-
gs suggest that with an increase in the number 

and activation of mast cells the protective layers 
may be damaged. EMW from mobile phones and 
their base stations could be a new topic in patho-
genesis of IC. Also these waves can cause exacer-
bation of disease in IC patients.

 Limitations of our study are not linking 
histological changes to clinical data, not perfor-
ming urodynamic examination, not using mobile 
phones compatible for the size of rats and using 
mobile phones more than average use in daily life.

CONCLUSIONS

 Mast cells, which are one of the immuno-
logical cells derived from bone marrow may have 
important roles in etiology of non-allergic inflam-
matory bladder, gastrointestinal and skin diseases 
in experimental model of inflammation. Intensive 
use of mobile phones has side effects on many or-
gans like bladder, and can cause an increase in both 
the number and activity of mast cells. This situation 
may play a role in the etiology of inflammatory 
bladder disease. It also can lead to exacerbate of 
these disorders. In diseases caused by inflammation 
and mast cells, minimal use of mobile phones or 
taking precautions to limit exposure will facilitate 
keeping these diseases under control.
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Objective: The aim of the present study was to evaluate the safety and efficacy of a 
“Cravat’’ technique for the management of uterine prolapse in patients who want to 
preserve uterus, involving suspension of the uterus from the sacral promontory by 
using polypropylene mesh.
Materials and Methods: A prospective observational study between January 2011 and 
September 2013 was conducted. Prior to surgery, prolapse assessment was undertaken 
with Baden-Walker halfway system to grade the degree of prolapse at all sites. Patients 
with severe uterine prolapse (stage II-IV) who want to preserve uterus, were operated 
with Cravat technique. All patients were evaluated at 2 weeks and 6 weeks after surgery 
and followed for 6 months. Outcomes were evaluated objectively by vaginal examination 
using Baden-Walker halfway classification, and subjectively classifying patients as ‘very 
satisfied’, ‘satisfied’ and ‘not satisfied’ at the 6th month postoperatively.
Results: Sacral uteropexy was successfully performed by laparoscopy in 32/33 pa-
tients (one needed to be converted to laparotomy). Nine patients also had a concur-
rent procedure as colporaphy anterior, colporaphy posterior or transobturator tape. 
Postoperative recovery has been uneventful with subjective and objective cure rates 
were 96.9% and 93.9%, respectively at six month. One recurrence of total prolapse 
needed to be reoperated and two patients with sacrouteropexy still remained at stage 
2 prolapse. There have been no cases of graft exposure, rejection or infection with a 
median follow-up of 23.9 months.
Conclusions: Laparoscopic sacral uteropexy with “Cravat technique” was found to be 
safe and simple procedure.
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INTRODUCTION

Although pelvic organ prolapse (POP) is a 
common and disabling condition, the exact pre-
valance is difficult to ascertain due to different 
classification systems. Furthermore, many women 
do not seek medical attention despite of sympto-
matic POP. Population based studies report a 11 

to 19 percent lifetime risk in women undergoing 
surgery for prolapse or incontinence (1,2).

A delay in childbearing to a later age leads 
many women to prefer operation with conserving 
uterus. Historically, the uterine preservation du-
ring prolapse surgery was first described as the 
Manchester procedure (3,4). The main aim of the 
pelvic floor reconstructive surgery should be to 
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correct anatomical defects maintaining the uterus 
in normal anatomic position. Preservation of the 
uterus not only supports the pelvic floor, but also 
preserves fertility, improves sexual function and 
wellbeing. The increasing desire for uterine pre-
servation provoked the development of new te-
chniques with less morbidity and more patients’ 
satisfaction. Several conservative (pessary) or sur-
gical treatment options were defined to preserve 
uterus in patients with POP (1,2). Surgical appro-
ach could be either vaginal or abdominal route.

The advancement of the minimal invasive 
surgery with respect to equipment and skills has 
provided the added option of endoscopic pelvic 
reconstructive surgery (1). Conventional laparos-
copic and robot-assisted routes result in a shorter 
hospital stay, faster time to recovery, and lesser 
postoperative pain than laparotomy, with compa-
rable short-term efficacy (5-8). The United King-
dom multicenter randomized equivalence trial 
found that after one year follow-up, there were no 
differences in anatomic or subjective pelvic floor 
outcomes compared to open and laparoscopic te-
chniques; however, the blood loss, postoperative 
hemoglobin values, and hospital stay were better 
in the laparoscopic arm (9).

The objective of this study was to describe 
and evaluate the safety and efficacy of the sur-
gical technique, laparoscopic sacrohysteropexy, a 
uterus preserving procedure for correction of ute-
rine prolapse, involving suspension of the uterus 
with a mesh surrounding the isthmic portion of 
the uterus like cravat surrounding the neck.

MATERIAL AND METHODS

The investigation was designed as a pros-
pective observational study from January 2011 
through September 2013. The study protocol was 
conducted according to the revised Declaration of 
Helsinki and was approved by the Local Research 
and Ethics Committee of our hospital. All subjects 
provided written informed consent. Thirty-six wo-
men with symptomatic uterine prolapse (stage II-
-IV), who wanted to retain their uteri, underwent a 
laparoscopic sacro-uteropexy. Three of them were 
evaluated at 2 weeks and 6 weeks but could not 
be followed to 6 months so that 33 of them were 

included in the final analyses. Women with pre-
vious abnormal cervical cytological examination, 
abnormal uterine bleeding, significant uterine en-
largement (e.g. uterine fibroids) and concomitant 
medical problems precluding general anaesthesia 
were excluded. The assessment of the prolapse was 
performed by the principal author (M.A) using the 
Baden-Walker halfway system (10). Urodynamic 
studies were performed in women with urinary 
incontinence complaint. Urodynamic results were 
evaluated in accordance with criteria established 
by the International Continence Society (11).

Surgical Technique

Surgery was performed under general ana-
esthesia with the woman in supine position and in 
low lithotomy position by the same senior author 
(M.A). After skin preparation, drapping and cathe-
terisation, Zinnanti uterine manipulator injector 
(ZUMI™, Cooper Surgical, Inc.) was used to obtain 
maximal anteversion of the uterus. A pneumope-
ritoneum was created and four laparoscopic ports 
were placed: 10mm umbilical port and three 5mm 
ports; two lateral and one left paraumbilical. The 
uterus was erected and the broad ligaments on 
each sides were opened from the posterior aspect 
above the levels of uterine vasculature, then the 
uterus bended posteriorly to open the peritoneal 
windows anteriorly on each side at the level of the 
cervico-uterine junction (Figure-1A). The vesico-
-uterine peritoneum was incised and the bladder 
was dissected distally by using blunt instrumen-
tation (Figure-1B). The rectosigmoid colon was 
reflected to the left to expose the presacral area. 
The peritoneum over the sacral promontory was 
incised with monopolar scissors or harmonic scal-
pel and was bluntly dissected to the lateral sides. 
Ureters were securely observed to prevent damage 
(Figure-1C). A 25x1.5cm2 prolene mesh (Ethicon, 
Inc. Johnson and Johnson, Somerville, NJ) was 
introduced through windows created in the broad 
ligaments (Figure-1D, Figure-1E) and was sutured 
anteriorly over the cervix with one polyglactin 
910 suture (Ethicon, Inc., Johnson and Johnson, 
Somerville, NJ) (Figure-1F). Mesh was sutured to 
the sacral promontory under moderate tension to 
achieve adequate elevation of the uterus with at 
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least two, then 2/0 polpropylene suture and mesh 
arms were adjusted according to the need of ute-
rine suspension by lifting the cervix at least 10cm 
above the level of introitus from the vaginal way 
(Figure-1G, Figure-1H). The rest of the mesh arms 
were trimmed over the sacral promontory after the 
fixation (Figure-1I). Some patients also underwent 
concomitant additional surgery as anterior and/or 
posterior colporrhaphy or transobturator tape (TOT).

All women were prospectively evaluated at 
2 weeks and 6 weeks after surgery and followed 
up for at least 6 months. Operation time was defi-
ned as time from skin incision to final closure wi-

thout including the concomitant surgery; duration 
of stay in hospital, complications, objective and 
subjective success rates were evaluated.

Postoperatively pelvic examination was 
performed to assess objective success rate defined 
as Baden-Walker grade 1 or 0 uterine prolapse. 
Subjective satisfaction of the patient was classi-
fied as ‘very satisfied’, ‘satisfied’and ‘not satisfied’.

Qualitative data are expressed in percen-
tages (%) and quantitative data are expressed 
as the means ± standard deviation. Differences 
between the means in normally distributed va-
riables were performed by using Student’s t-test. 

Figure 1 - The surgical procedure of Cravat technique. A) Opening of left broad ligament. B) Incision of vesicouterine 
peritoneum. C) 25x1.5 cm2 prolene mesh. D) Opening of peritoneum over the sacral promontorium. E) Mesh inserted to the 
windows in broad ligaments. F) Suturing of the mesh over the anterior cervix. G,H) Suturing of the mesh over the sacral 
promontory. I) Trimming of the rest of the mesh.
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Bl = Broad ligament, Cx = Cervix, Ov = Over, P = Periton, M = Mesh, Sc = Sacrum, Sig.C = Sigmoid Colon, Ut = Uterus
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Chi-square test was done on categoric variables. 
Baden-Walker grades was analyzed by the Wil-
coxon signed-rank test for pre and postoperati-
ve grades of related samples. Analyses was un-
dertaken using Statistics Package for the Social 
Sciences 15 (SPSS Inc. Chicago, IL). A p value of < 
0.05 was accepted as statistically significant.

RESULTS

A total of 33 patients underwent a sacro-
-uteropexy, a uterus sparing procedure for the 
management of uterovaginal prolapsus. The de-
mographic characteristics of the patients are sho-
wn in Table-1 and operative data are given in Ta-
ble-2. The mean age was 42.5 ± 7.4 years, mean 
parity was 3.2 ± 0.96 and mean body mass index 
was 25.3 ± 3.26 kg/m2. Eight (24.2%) of them have 
a desire for children in the future. Preoperatively, 
all women had significant uterine descent of grea-
ter than or equal to grade 2, as measured using the 
Baden-Walker halfway system (Table-1). Thirteen 
women (39.3%) had grade 2 uterine prolapse, 18 
women (54.5%) had grade 3 uterine prolapse, and 
the remaining 2 (6%) had grade 4 uterine prolapse. 
In addition, 3(9%) of the women had grade 1-3 
anterior vaginal wall prolapse, 2 (6%) had poste-
rior vaginal wall prolapse and 2 (6%) of women 
had both of them.

Nine patients (27.2%) had additional sur-
gery performed at the same time. Five patients 
(15.1%) with urodynamically confirmed urinary 
incontinence had TOT, 4 patients had colpography 
anterior, 6 of them had colpography posterior at 
the time of sacro-uteropexy.

Sacral uteropexy was performed successfully 
by laparoscopy in 32/33 patients; one of them was 
converted to laparotomy because of massive hemor-
rhage, but bleeding was succesfully controlled and 
the same procedure was proceeded. Mean operation 
time was 46.39 ± 5.8 minute. The maximum and 
mean operation time decreased with increasing the 
surgeons’ experience on Cravat technique. The me-
dian hospital stay was 1.3 ± 0.4 day.

Major intraoperative vascular, genitouri-
nary or gastrointestinal complications were not 
recorded. Only one patient developed middle sa-
cral bleeding requiring laparotomy conversion. 

Table 1 - The demographic characteristics of patients.

Cravat technique (n = 33)

Age (year ± SD) 42.5 (± 7.4)

Parity (n ± SD) 3.2 (± 0.96)

BMI (kg/m2, ± SD) 25.3 (± 3.26)

Sexual activity (n,%) 27 (81.8%)

SUI (n,%) 4 (12.1%)

Preop grade

Grade 2 13 (39.3%)

Grade 3 18 (54.5%)

Grade 4 2 (6.06%)

Follow-up (month, mean ± SD) 23.9 (± 4.7)

SUI = stress urinary incontinence; BMI = body mass index; SD = standard deviation

Table 2 - The operation characteristics of Cravat technique.

Cravat technique
(n = 33)

Operation time (minutes, mean, range) 46.39 (40-65)

Duration of stay (day, mean ± SD ) 1.3 (± 0.4)

Concomitant procedure (n,%) 9 (27.2%)

CA 0

CP 3

CA+CP 2

TOT 1

CA+TOT 2

CP+TOT 1

Complications (n)

Transfusion 1

Bowel injury 0

Ureteric injury 0

CA = Colpography Anterior; CP = Colpography Posterior; TOT = Transobturator tape, 
SD = standard deviation
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Postoperative recovery was uneventful. Among 
all participants, 96.9% (32/33) were either very 
satisfied 84.8% (28/33) or satisfied 12.1% (4/33). 
One (1.8%) patient reported not satisfied because 
of laparotomy conversion, blood transfusion and 
long hospital stay.

The mean postoperative Baden-Walker 
grades of the patients were statistically signifi-
cantly lower compared to preoperative grades (p 
< 0.001). Subjective and objective cure rates were 
96.3% and 93.9%, respectively at six months. The-
re was no cases of graft exposure, rejection or in-
fection with a median follow-up of 23.9 months 
and no case of recurrence of total prolapse.

DISCUSSION

The demand for uterine preservation du-
ring surgical management of uterovaginal pro-
lapse is increasing and it is difficult to select the 
ideal uterus-sparing procedure for a given patient. 
Several alternative operations for prolapse repair 
with uterine preservation, using either a vaginal 
or an abdominal approach, have been proposed 
(1,2,12-20).

Vaginal operations are well defined in the 
literature; as in 2001, posterior intravaginal slin-
goplasty was first described with a reported mesh 
complications as infection and erosion (12). Other 
technique is the Manchester operation, that in-
cludes the vaginal shortening of the uterosacral 
and cardinal ligaments with cervical amputation 
which has a deleterious effect on fertility and also 
complicates with dyspareunia, dysmenorrhea, re-
current uterine prolapse and enterocele formation 
(3,4). Transvaginal sacrospinous fixation is the 
other vaginal operation that includes the fixation 
of cervix to the sacrospinous ligament by dissec-
ting pararectal space down to the sacrospinous 
ligament. The proximity of the sacrospinous liga-
ment to the sciatic nerve and pudendal vessels and 
nerves may cause significant buttock and leg pain 
and haemorrhage (13).

Abdominal operations performed for pre-
serving the uterus have also been defined. The 
suspension of uterus from round ligaments (ven-
trosuspension) is associated with high recurrence 
rate. In a case series of nine women, recurrence 

of prolapse in eight women was reported within 
3 months of surgery (2,14). This technique causes 
significant change of normal vaginal axis, hence 
it results in transmission of abdominal pressure to 
the cul-de-sac increasing the formation of entero-
cele (13,14).

Uterosacral plication is the other descri-
bed technique in literature as placing three purse-
-string sutures from the uterosacral ligaments to 
the posterior cervix (15). Wu et al. reported a case 
series of seven women with no recurrence of pro-
lapse at 9-17 months follow-up and also, Maher 
et al. reported an objective success rate of 79% in 
43 women after a mean follow-up of 12 months 
(1,16). Lantzsch et al. described complications in-
cluding massive haemorrhage, buttock pain and 
recurrent cystocele, and also Stepp and Paraiso 
described ureteral injury after uterosacral plica-
tion (17,18).

Suspension of prolapsed uterus from sacral 
promontorium by using polypropylene mesh was 
called sacrohysteropexy. This technique yields a 
satisfactory anatomic and functional results with 
normal vaginal axis (19). It was first described by 
Cutner et al. by passing Mersilene tape through 
uterosacral ligaments to resuspend the uterus to 
the sacral promontory bilaterally (20). Then this 
procedure was changed and non-absorbable mesh 
was started to be used by suturing the cervix pos-
teriorly to the sacral promontorium with or wi-
thout pelvic peritoneum closure via abdominal or 
laparoscopic way. The disadvantage of these te-
chniques is the possible extrusion of mesh from 
cervix where it has been sutured before (21). Also, 
in sacrohysteropexy pulling the uterus from only 
one location seems to be less secure than wrap-
ping the mesh around the uterus as described in 
our Cravat technique.

Price et al. used laparoscopic variation of 
the open procedure, involving suspension of the 
uterus from the sacral promontory by using bifur-
cated polypropylene mesh, which had been origi-
nally established by Leron and Stanton (2,19). In 
Price’s technique, each broad ligament at the level 
of the cervico-uterine junction was opened, vesi-
couterine peritoneum was incised and bladder was 
dissected distally. Peritoneal relaxing incision was 
made down into the pelvis, laterally to the rectum, 
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medially to the right ureter, and also the peritoneum 
at the level of the insertion of uterosacral ligaments 
was mobilised to ease complete peritonisation of the 
mesh. Bifurcated polypropylene mesh was sutured 
anteriorly to the anterior cervical wall, posteriorly 
to the anterior longitudinal ligament over the sacral 
promontorium and then, complete peritonisation of 
mesh was performed (2). The difference from the bi-
furcated mesh described by Price et al. and our mesh 
was the 25x1.5cm2 tape. The advantage of our mesh 
was that it can be either available in every operation 
theather or produced by slicing the 25x25cm2 squa-
re mesh into rectangular 25x1.5 cm2 long pieces.

Price et al. connected the bifurcated tips of 
the mesh anterior to the uterine cervix and fixed 
these tips by 5-6 non-absorbable suture material (2). 
In our technique, the mesh was wrapped around the 
uterus anteriorly and the tips were connected on the 
sacral promontory. For the anterior fixation we used 
one absorbable polyglactin 910 suture. We believe 
that mesh located between the vesica and cervix 
may potentially irritate the bladder, if mesh tips and 
5-6 non-absorbable suture material are left in-situ 
in this area which may theoretically cause de-novo 
detrusor instability or bladder fistula afterwards. 
Absorbable suture material might not cause perma-
nent irritation on the bladder but it is premature to 
say that absorbable material is superior to the non-
-absorbable one. Although we could not prove this 
fact by urodynamic examination, none of our sub-
jects complained of overactive bladder symptoms in 
the postoperative follow-up period.

In Price’s technique, all of the operations 
were performed with a standardized mesh length 
placed under standardized tension. On the other 
hand, we adjusted the mesh length described as 
follows: we pulled the mesh between the prolap-
sed uterus and sacral promontory with a moderate 
tension in order to suspend the cervix at least abo-
ve the interspinous level of the bony pelvis. Uterus 
was pushed with a ZUMI vaginally. The sacral pro-
montory mesh was fixed to the anterior longitudi-
nal ligament by non-absorbable suture and then the 
extra mesh was incised and taken out. We thought 
that every patient needs a different length of mesh 
because of the variation in lenght of the prolapsed 
portion, so putting the uterus in normal anatomic 
position by raising the cervix and adjusting the len-

ght of the mesh might be the key components of the 
our technique which increased the success rate.

In our technique, we did not make a perito-
neal relaxing incision down into the pelvis, we only 
incised the peritoneum over the sacral promontory 
and avoided the bruise of mesh which might con-
tribute to complications (22,23). We believe that 
suturing the peritoneum may cause direct/ indirect 
ureteric injury (kinking) or inadvertent bowel injury 
(22). In addition, the insertion of sutures into the pe-
ritoneum may cause bleeding and the formation of 
haematomas (24). As a result of non-peritonisation 
of mesh in abdominal vault suspension operations 
done by Elneil et al. none of the patients developed 
problems with adhesions, only 3 out of 128 patients 
with a rate of 2.3% had vaginal mesh erosion (22).

Cravat technique had shorter mean opera-
tion time than other techniques (1,2). Surgical steps 
that likely contributed most to improve the ope-
ration time were eliminating the need to open the 
peritoneum from the sacral promontory to the cul-
-de-sac, non-peritonisation of mesh and since mesh 
was wrapped around the uterus, there was only one 
area that we should secure to mesh instead of two 
or more. The number and localisation of the sutures 
may also decrease the operation time; one suture 
rather than 6 and using anterior cervical wall rather 
than posterior one may fasten the operation.

Although this follow up period cannot pro-
vide conclusive evidence we are most encouraged 
that in long term follow-up more successful results 
might be expected from hysteropexy with Cravat 
technique with lower complication rate and shorter 
operation time.

CONCLUSIONS

Our results support the benefits of laparos-
copic uterine preservation with “Cravat technique” 
in patients with POP. In a young patient with the 
desire of maintaining uterus, laparoscopic hystero-
pexy has the advantages of maintaining childbea-
ring capacity, better anatomical restoration of the 
pelvic structures, improving sexual function, lesser 
intraoperative adhesions and shorter hospital stay. 
Although we had no control group, our laparos-
copic sacral uteropexy technique was found to be 
relatively safe and simple. Nevertheless, the need 
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for larger randomized controlled trial evaluating its 
efficacy, safety and long term outcome measures 
still remains.
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Objective: To prospectively evaluate self-reported pain levels associated with diagnos-
tic cystoscopy.
Materials and Methods: Patients who underwent diagnostic cystoscopy and subse-
quently graded their pain level during the procedure were enrolled. Pain was graded 
on a Likert visual analog scale (VAS) of 1-10 where 0 = no pain and 10 = excruciating 
unbearable pain. Local lidocaine gel 2% was used as intraurethral lubricant.
Results: Data from 1320 consecutive cystoscopies (929 males, 391 females, age range 
15-93 years) between 6/2009-1/2010 were analyzed. This was the first cystoscopy for 
814 patients. The overall mean VAS was 2.74 ± 1.51 (range 0-9) for rigid cystoscopy 
and 2.48 ± 1.53 (range 0-10) for flexible cystoscopy (P = 0.004). The reported mean 
pain level for first-time cystoscopy was significantly higher than that for repeat cys-
toscopy (2.8 ± 1.6 vs. 2.2 ± 1.4, P < 0.001), regardless of gender or type of cystoscope. 
Men reported significantly higher pain levels than women 2.6 ± 1.5 vs. 2.4 ± 1.4 (P < 
0.04). The highest mean pain level was reported by men (3.4 ± 1.6) and women (2.5 
± 1.6) for rigid cystoscopy compared to flexible cystoscopy (2.5 ± 1.4 and 1.1 ± 1.9, 
respectively, P < 0.001). Pain levels > 5 were reported in 75 (5.7%) cystoscopies.
Conclusions: Cystoscopy was not associated with distressing levels of pain. Pain levels 
during first cystoscopies were higher than those for repeated ones. Using a flexible 
cystoscope is associated with a lower pain level in both men and women and it should 
be used for both genders.
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INTRODUCTION

Cystoscopy is one of the most commonly 
performed urological procedures whose purpose 
is to inspect lower urinary tract anatomy for the 
purpose of evaluating lower urinary tract symp-
toms as well as various pathologies of the urethra, 
prostate and bladder. The procedure is performed 
by inserting an optical instrument (cytoscope) into 
the urethra and the bladder. The cytoscope may be 

metal and rigid or flexible, and its insertion may 
be associated with discomfort, pain and inconve-
nience to the patients. Therefore, physicians are so-
metimes reluctant to refer patients for cystoscopy, 
while patients may refuse to undergo this necessary 
urological evaluation. The aim of our study was to 
evaluate self-reported pain levels associated with 
diagnostic cystoscopy (1,2) and to determine whe-
ther patients undergoing repeat cystoscopies expe-
rience less pain during those procedures.
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MATERIALS AND METHODS

 Evaluation of records of all patients who 
underwent diagnostic cystoscopy in our institution 
between June 2009 and January 2010 was appro-
ved for this study by the institutional ethics com-
mittee. The patients’ demographics and the pro-
cedural data were retrieved. Cases in which any 
other procedures (e.g., biopsy or fulguration of 
small tumors, uretherotomy, urethral dilation etc.) 
were done concurrently were excluded. Before un-
dergoing diagnostic cystoscopy, each patient had 
been asked if this was the first time he/she had 
undergone the procedure.

 All instruments were inserted and advan-
ced under vision. The diameters of the cystosco-
pes were 17FR for the rigid type and 15FR for the 
flexible type. Lidocaine gel 2% was instilled into 
the urethra 1-2 minutes before the cystoscopy in 
men and applied on the cystoscope in women. All 
procedures were performed without any systemic 
sedation or analgesia. Five minute after the pro-
cedure, each patient was asked to grade pain le-
vels during the index procedure on a Likert visual 
analog scale (VAS), where 0 = no pain and 10 = 
unbearable pain.

 Descriptive statistics, such as the mean, 
standard deviation (SD) were used to summarize 
the baseline characteristics of the patients. The cli-
nical characteristics were assessed for univariate 

and multivariate correlations with the risk of high 
pain levels (VAS > 5). The clinical parameters in-
cluded age, sex, first vs. repeat cystoscopy and 
flexible vs. rigid cystoscope. A univariate analysis 
was performed by using an independent samples t 
test or chi square. The variables that showed uni-
variate significance (P < 0.10) were then included 
in a multivariate analysis that used a logistic re-
gression model. The analyses were carried out by 
using SPSS 15.0 (SPSS Inc, Chicago, Ill). Differen-
ces were regarded as statistically significant at a 
P-value less than 0.05.

RESULTS

 Data were retrieved and analyzed from 
1320 procedures (929 [70%] in men and 391 [30%] 
in women, mean age 63.3 years [range 15-93]) 
performed by 25 senior urologists. These data are 
summarized in Table-1. This was the first cystos-
copy for 814 of the patients. A flexible cytoscope 
was used in 917 cystoscopies in men compared to 
only 56 cystoscopies in women. The overall mean 
pain level associated with the use of a rigid cys-
toscope was 2.74 ± 1.51 (range 0-9) and 2.48 ± 
1.53 (range 0-10) with the use of a flexible cys-
toscope (P = 0.004). The pain levels reported after 
the first-time cystoscopy was significantly higher 
than the pain levels described for the repeat ones 
regardless of gender (2.8 ± 1.6) or type of cys-

Table 1 - Visual analog scale pain levels stratified by age.

Flexible cystoscopy Rigid cystoscopy

First-time
Mean ± SD (n)

Repeat
Mean ± SD (n)

P value First-time
Mean ± SD (n)

Repeat
Mean ± SD (n)

P value

Men 2.8 ± 1.6 (453) 2.1 ± 1.4 (364) < 0.0001 3.6 ± 1.6 (72) 3.0 ± 1.5 (40) 0.06

Age > 60 2.6 ± 1.5 (257) 2.1 ± 1.2 (273) < 0.0001 3.4 ± 1.6 (40) 2.9 ± 1.4 (30) 0.18

Age ≤ 60 3.0 ± 1.7 (196) 2.5 ± 1.7 (91) 0.01 3.8 ± 1.5 (32) 3.4 ± 1.6 (10) 0.46

Women 1.97 ± 1.1 (38) 1.8 ± 1.2 (18) 0.8 2.7 ± 1.4 (251) 2.1 ± 1.4 (84) 0.003

Age > 60 2.2 ± 1.3 (19) 2.0 ± 1.3 (13) 0.6 2.5 ± 1.2 (123) 2.1 ± 1.6 (55) 0.05

Age ≤ 60 1.6 ± 1.0 (19) 1.4 ± 0.9 (5) 0.6 2.8 ± 1.6 (128) 2.2 ± 1.2 (29) 0.06

SD = standard deviation.
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toscope used (2.2 ± 1.4), P < 0.001. Men reported 
higher pains level than women (2.6 ± 1.5 and 2.4 
± 1.4, respectively, P < 0.04). The highest mean 
pain level was reported by men (3.4 ± 1.6) and 
women (2.5 ± 1.6) who underwent cystoscopy 
with a rigid cystoscope compared to cystoscopy 
with a flexible instrument (2.5 ± 1.4 and 1.1 ± 
1.9, respectively, P < 0.001). The 525 (57%) men 
who underwent first-time cystoscopy reported a 
mean VAS of 2.9 ± 1.6, and the 404 (43%) men 
who underwent repeat cystoscopy reported a sig-
nificantly lower mean VAS (2.2 ± 1.4, P < 0.001). 
The 289 (74%) women who underwent first-time 
cystoscopy reported a mean VAS of 2.6 ± 1.4 com-
pared to the 102 (26%) women who underwent a 
repeat cystoscopy and reported a lower mean VAS 
of 2.1 ± 1.4 (P < 0.003). Men younger than 60 ye-
ars of age reported higher pain levels during 329 
procedures compared to men older than 60 years 
during 600 procedures (3.0 ± 1.7 vs. 2.4 ± 1.5, res-
pectively, P < 0.0001). Women of all ages reported 
similar pain levels during the procedure (2.6 ± 1.5 
in 181 women younger than 60 years vs. 2.3 ± 
1.3 in 210 women older than 60 years (P > 0.05). 

Pain levels (VAS > 5) were reported only in 75 of 
the total 1,320 cystoscopies (5.7%). We conducted 
further analysis to define the factors that predict 
high levels of pain (Table-2). We found that “first” 
cystoscopy is the strongest independent predictive 
factor for severe pain.

DISCUSSION

 Patients referred for cystoscopy often in-
quire about whether there is any pain associated 
with the procedure and about the need for and 
availability of general anesthesia or premedi-
cation. The answers to these questions are not 
always evidence-based but rather reflect the indi-
vidual urologist’s own perception of the pain level 
associated with the procedure. The International 
Association for the Study of Pain has proposed the 
following working definition: pain is”…an unple-
asant sensory and emotional experience associa-
ted with either actual or potential tissue damage, 
or described in terms of such damage” (1). Rating 
acute pain using a VAS is an essential part of pain 
assessment. It allows some form of comparison to 

Table 2 - Predictors of pain during cystoscopy.

Factor VAS pain score Univariate analysis
(P value)

Multivariate analysis

> 5
n =75

≤ 5
n = 1245

Hazard ratio
(95%CI)

(P value)**

Age, years

Mean ± SD 60 ± 14 64 ± 19 0.067 0.99 (0.97-1.0)
0.07

Gender, n (%) 

Males 61 (81) 868 (70) 0.032* 2.17 (1.19-
0.011

Females 14 (19) 377 (30) 3.95)

Cystoscopy, n (%)

Repeat 17 (23) 489 (39) 0.004* 2.45 (1.40-4.27)
0.002

First 58 (77) 756 (61)

Cystoscope, n (%)

Flexible 24 (32) 423 (34) 0.725*

Rigid 51 (68) 822 (66)

*Chi-square test α < 0.05; **Only variables with univariate P < 0.10 were included in the multivariate analysis; VAS = visual analog scale.
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be made, and facilitates assessment of the efficacy 
of treatment.

 This method of pain assessment in which 
patients grade their pain level by choosing a num-
ber between 1-10 or cartoons of “suffering faces” 
is well established and frequently used in the as-
sessment of acute pain and effectiveness of pain 
treatment (2).

 It is well accepted that cystoscopy is as-
sociated with some discomfort regardless of the 
type of instrument used (3), leading to the imple-
mentation of various methods to alleviate that 
discomfort. The introduction of a flexible cys-
toscope in the seventies was a great leap forward 
(4). Aaronson et al. (3) conducted a meta analysis 
and concluded that intraurethral instillation of li-
docaine gel reduces the moderate to severe pain 
associated with flexible cystoscopy compared to 
plain lubricating gel. Topical lidocaine gel is now 
commonly used in clinical practice. Brekkan et 
al. (5) suggested that different amounts are nee-
ded for men and women. The use of lidocaine gel 
has, however, been challenged by several groups. 
McFarlane et al. (6) stated that the instillation of 
2% lidocaine gel has no advantage over plain lu-
bricant in providing anesthesia for flexible cys-
toscopy in men. Chen et al. (7) agreed, noting that 
pain score, pain grade, post-cystoscopic analgesic 
requirement, and the strength of anesthetics re-
quested for a repeat cystoscopy were similar in 
men undergoing flexible cystoscopy with intrau-
rethral 2% lidocaine gel or with plain lubricant. 
Those authors recommended the use of a plain lu-
bricant because it is less expensive and faster than 
applying lidocaine gel. In their meta-analysis, Pa-
tel et al. (8) also agreed, stating that there is no 
statistically significant difference in the efficacy 
of pain control between lidocaine gel and plain 
gel lubrication in men during flexible cystoscopy. 
Losco et al. (9) considered the delaying of cystos-
cope insertion for few minutes in order to enhance 
efficacy of topical intraurethral lidocaine in pain 
reduction to be futile.

 Others have also attempted to reduce the 
discomfort associated with cystoscopy. Komiya et 
al. (10) suggested that combining premedication 
oral zaltoprofen (a non-steroidal anti-inflamma-
tory drug) with intraurethral lidocaine with impro-

ved the cystoscopy-associated pain and provided 
a better quality of life for the patients. Calleary et 
al. (11) proposed that the addition of nitrous oxide 
inhalation for men younger than 55 years who 
were undergoing flexible cystoscopy. The quest 
for pain and anxiety relief during cystoscopy con-
tinued with Yeo et al. (12) reporting that listening 
to classical music during cystoscopy (using a rigid 
cystoscope) significantly reduced pain and dis-
comfort levels. Zhang et al. (13) and Somooro et 
al. (14) observed a beneficial effect on pain level 
by allowing the patient to view the cystoscopy on 
a screen. Another attempt to reduce pain during 
cystoscopy by cooling the lidocaine gel installed 
into the urethra before the cystoscopy failed to 
decrease the pain level during rigid cystoscopy in 
male patients (15).

 The various studies that addressed the is-
sue of cystoscopy-associated pain and the allevia-
tion of that pain were performed on a variety of 
populations, analgesics, pain assessment methods, 
instruments, etc., leading to a wide range of pain 
levels among them. For example, in Calleary et al. 
(11) report, all cystoscopies were done by a sin-
gle operator, their study population was younger 
than 55 years, and the reported pain level was as 
high as 4 when lidocaine was used alone. In our 
current study, 25 senior urologists preformed the 
cystoscopies, thereby eliminating the single ope-
rator factor. Nevertheless, their results (11) are in 
accordance with ours: we demonstrated that men 
younger than 60 years of age reported higher pain 
levels compared to men older than 60 years. Our 
findings on younger patients are supported by 
similar results demonstrated by us in an earlier 
work (16) on male patients who graded their pain 
following urodynamic tests. Older men (> 50 years 
old) graded their pain level during the urodynamic 
pressure flow study as being lower than that of 
their younger counterparts, irrespective of a his-
tory of previous urodynamic procedures. Contrary 
to Calleary et al. (11) findings and similar to ours, 
Herr and Schneider (17) reported that the mean 
pain level during flexible cystoscopy (using line-
ar analog self-assessment score on a scale of 1 = 
none to 10 = high) was 2.1. Goldfischer et al. (18) 
recorded a mean VAS pain level of 3.00 in men 
and 3.1 in women during rigid cystoscopy with in-
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traurethral lidocaine, again similar to our results in 
men and women during their first-time cystoscopy. 
In their meta-analysis of the use of lidocaine during 
cystoscopies, Aaronson et al. (3) concluded that the 
mean pain level was 2-3 for men in whom lidocai-
ne was used. This pain level is similar to the levels 
demonstrated in our study. Our results regarding 
low pain levels may be explained by the facts that 
in women were included in our study. In Aaronson 
et al. (3) meta- analysis, women were not included. 
Since women reported low levels of pain as compa-
red to men, it is most likely that the overall pain le-
vels were somehow lower. Contrary to our findings 
and those of others, Quiroz et al. (19) reported very 
low median pain levels during flexible cystoscopy 
(0.9) and even lower median pain levels during rigid 
cystoscopy (0.5).

 The results of our study showed that the re-
ported pain levels following first-time cystoscopy 
were significantly higher than the pain levels during 
repeat ones (2.8 ± 1.6 vs. 2.2 ± 1.4, P < 0.001) regard-
less of gender or type of cystoscope used. Pfingsten et 
al. (20) had demonstrated that inducing pain antici-
pation (by instruction) led to increased pain intensity 
during the test in patients with low back pain, and 
fear and anticipation of pain may actually increase 
pain perceptions in the cystoscopy setting as well.

 Our study is distinctive due to its large 
(1,320) number of consecutive cases in whom all 
cystoscopies were done for the diagnosis of va-
rious urethral and/or bladder pathologies. The 
procedures were done by a large number of uro-
logists, thereby eliminating the bias of a single 
operator. All procedures were conducted with the 
use of local lidocaine gel 2% as lubricant for both 
genders. Our study population was comprised of 
men and women who underwent either their first 
or repeat cystoscopies, unlike other reports whose 
subjects had only one procedure. We also compa-
red differences in pain levels according to whether 
the cystoscope was rigid or flexible.

 We are aware of some limitations of our 
study. One is that the number of previous cystosco-
pies and the type (rigid/flexible) of cystoscope used 
were not available. Another is that patients were not 
randomly assigned to rigid or flexible cystoscopy. A 
multiple number of operators could be considered 
as a limiting factor in this study because quality of 

cystoscopy done by each urologists cannot be ac-
curately determined as variable in the analysis as 
compared to the study of Calleary et al. (11).

 With the above-cited limitations in mind, 
we conclude that cystoscopy appears not to be as-
sociated with a distressing level of pain. The pain 
level during first-time cystoscopy is higher than 
in a repeated one. Using a flexible cystoscope is 
associated with significantly lower pain levels in 
both men and women and should be used in both 
genders of all ages.
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Ureteroneocystostomy in primary vesicoureteral reflux: 
critical retrospective analysis of factors affecting the 
postoperative urinary tract infection rates
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Introduction: To determine the parameters affecting the outcome of ureteroneocystos-
tomy (UNC) procedure for vesicoureteral reflux (VUR).
Materials and Methods: Data of 398 patients who underwent UNC procedure from 
2001 to 2012 were analyzed retrospectively. Different UNC techniques were used ac-
cording to laterality of reflux and ureteral orifice configuration. Effects of several 
parameters on outcome were examined. Disappearance of reflux on control VCUG or 
absence of any kind of UTI/symptoms in patients without control VCUG was conside-
red as clinical improvement.
Results: Mean age at operation was 59.2 ± 39.8 months and follow-up was 25.6 ± 23.3 
months. Grade of VUR was 1-2, 3 and 4-5 in 17, 79, 302 patients, respectively. Male to 
female ratio was 163/235. UNC was performed bilaterally in 235 patients and intrave-
sical approach was used in 373 patients. The frequency of voiding dysfunction, scar on 
preoperative DMSA, breakthrough infection and previous surgery was 28.4%, 70.7%, 
49.3% and 22.4%, respectively. Twelve patients (8.9%) with postoperative contralateral 
reflux were excluded from the analysis. Overall clinical improvement rate for UNC was 
92%. Gender, age at diagnosis and operation, laterality and grade of reflux, mode of 
presentation, breakthrough infections (BTI) under antibiotic prophylaxis, presence of 
voiding dysfunction and renal scar, and operation technique did not affect the surgical 
outcome. However, the clinical improvement rate was lower in patients with a history 
of previous endoscopic intervention (83.9% vs. 94%). Postoperative UTI rate was 27.2% 
and factors affecting the occurrence of postoperative UTI were previous failed endos-
copic injection on univariate analysis and gender, preoperative BTI, postoperative VUR 
state, voiding dysfunction on multivariate analysis. Surgery related complication rate 
was 2% (8/398). These were all low grade complications (blood transfusion in 1, hema-
toma under incision in 3 and prolonged hospitalization secondary to UTI in 4 patients). 
In long term, 12 patients are under nephrologic follow-up because of hypertension in 
5, increased serum creatinine in 5, proteinuria in 1 and hematuria in 1 patient and all 
these patients had preoperative scarred kidneys.
Conclusions: Despite its invasive nature, UNC has a very high success rate with a ne-
gligible percent of complications. In our cohort, the only factor that negatively affec-
ted the clinical improvement rate was the history of previous antireflux interventions 
where the predictive factors for postoperative UTI were previous failed endoscopic 
injection, female gender, preoperative BTI, persistent VUR and voiding dysfunction.
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INTRODUCTION

Vesicoureteral reflux is one of the most im-
portant causes of nephropathy in children. Although 
there are lots of studies with conflicting conclusions 
on the management of this disease, which are proba-
bly depending on the study designs and population, 
the present data recommend us to consider VUR as 
an important disease particularly in a selected group 
of high risk patients who are defined as symptoma-
tic male or female patients after toilet-training with 
high grade reflux (grades IV-V), abnormal kidneys 
and with/without lower urinary tract dysfunction 
(1). Interventions to prevent reflux, most of the time, 
are not the first step option, however indicated in 
patients with recurrent febrile urinary tract infec-
tions under antibiotic prophylaxis, whose chance of 
spontaneous resolution is unlikely, whose kidneys 
are scarred and with parental decision (2). Amongst 
these interventions, open surgery has an important 
role with high success and low complication rates 
despite being more invasive when compared to en-
doscopic techniques. The present study aims to in-
vestigate the factors affecting the surgical outcomes 
of open ureteral reimplantation techniques in a con-
siderably large population within a time period of 
more than 10 years.

MATERIALS AND METHODS

 The data of patients who underwent urete-
roneocystostomy (UNC) from 2001 to 2012 for tre-
atment of vesicoureteral reflux (VUR) were reviewed 
retrospectively. Patients with history of previous 
open antireflux surgery, secondary VUR due to pos-
terior urethral valve and overt spinal dysraphism 
were excluded. Among more than 500 cases, the 
data of 398 patients were available and recorded to 
a standard sheet. Different UNC techniques (Cohen 
UNC in 367, Glenn-Anderson in 6, Lich-Gregoir in 
25 cases) were used according to laterality of reflux 
and ureteral orifice configuration. Because of the 
deficiency of postoperative control VCUG in some 
of our patients, we preferred to use the ‘clinical im-
provement’ term instead of ‘success’. Disappearan-
ce of reflux on control voiding cystourethrogra-
phy (VCUG, 254 patients) or absence of any kind 
of urinary tract infection (UTI) and/or symptoms in 

patients without control VCUG was considered as 
clinical improvement. Voiding dysfunction was de-
fined as the presence of lower urinary tract symp-
toms (presence of urge, incontinence, weak stream, 
hesitancy, frequency and urinary tract infections, 
but without overt uropathy or neuropathy) in chil-
dren older than 5 years in association with or wi-
thout abnormal symptom score (3) or urodynamic 
study. Effects of several parameters on outcome were 
examined. SPSS 15.0 software program was used to 
perform statistical analysis. Mann-Whitney test, chi-
-square test, T-test were used in where appropriate 
and a p value < 0.05 was used for determination of 
statistical significance.

RESULTS

 Patient characteristics are given in Table-1. 
Twelve patients (8.9%) amongst unilateral cases with 

Table 1 - Patient characteristics.

Mean age at diagnosis /
operation (month)

47.7 ± 41.8 / 59.2 ± 39.8

Gender (male/female) 163 / 235

Reflux grade (1-2 / 3 / 4-5) 17 / 79 / 301

Unilateral / bilateral 135 / 263

UNC: Intravesical /
extravesical / tailoring

373 / 25 / 16

Voiding dysfunction (+) 28.4%

Scar on nephrogram (+) 70.7%

Breakthrough infection (+) 49.3%

Previous endoscopic injection  (+) 22.4%

Mean hospitalization period (days) 4 ± 2

Follow-up (months) 25.6 ± 23.3

Clinical improvement rate 92%

Contralateral reflux /
Unilateral UNC

12 / 135

Postoperative UTI 27.2%
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postoperative contralateral reflux were excluded 
from the analysis for surgical outcome evaluation. 
Overall clinical improvement rate for UNC was 
92%. Gender, age at diagnosis and operation, la-
terality and grade of reflux, mode of presentation, 
breakthrough infections (BTI), presence of voiding 
dysfunction (> 5 years old), presence of renal scar 
and operation technique did not affect the surgical 
outcome (Table-2). However, the clinical impro-
vement rate was lower in patients with a history 
of previous endoscopic injection (83.9% vs. 94%, 
p = 0.002, chi-square test). Number of previous 
injections (1 versus more than 1) did not affect the 
clinical improvement rates (87.8% vs. 80.8%, chi-
-square test, p = 0.406).

 Within the postoperative follow-up pe-
riod, UTI was present in 27.2% of all patients. The 
distribution of postoperative UTI was indifferent 
regarding laterality and severity of VUR, the pre-
sence of scar, operation type and age were simi-
lar in patients with and without postoperative UTI 
(Table-2). Postoperative UTI was more likely in pa-
tients with persistent VUR following UNC (22.1% 
vs. 89.7%, chi-square, p < 0.001), in females, in 
patients with preoperative BTI, with previous fai-
led endoscopic injection and with voiding dys-
function (Table-2). Multivariate analysis (binary 
logistic regression analysis) revealed gender, pre-
operative BTI, operative success and voiding dys-
function as significant predictive factors.

 Surgery related complication rate was 2% 
(8/398). These were all low grade complications 
(blood transfusion in 1, hematoma under incision 
in 3 and prolonged hospitalization secondary to 
UTI in 4 patients). In long term, 12 patients are 
under nephrologic follow-up because of hyperten-
sion in 5, increased serum creatinine in 5, protei-
nuria in 1 and hematuria in 1 patient. All these 
12 patients preoperatively had bilateral high grade 
VUR with significant renal scarring.

DISCUSSION

 VUR is still an important and the most 
frequent etiological factor for chronic renal 
failure in Turkey (4). Although many authors 
describe VUR as a benign disease (5), the con-
sequences may be significant (6). Therefore, it 

should be investigated and followed up with 
great caution when detected.

 The contemporary approach to VUR dise-
ase is mostly conservative since most of the cases 
have a considerable chance of spontaneous reso-
lution. Cases who have less chance or failed to 
resolve under conservative treatment become the 
candidates for interventional management. Today, 
endoscopic approach constitutes primary treat-
ment choice in most of the patients. UNC is mostly 
indicated in cases who have a previous endoscopic 
injection failure, high grade VUR, VUR in combi-
nation with ureterovesical obstruction, significant 
bladder pathologies (diverticula, ureterocele, ecto-
pic ureter, duplex system), regarding the parental 
decision and relatively in patients with bladder 
dysfunction (2). There are several open UNC te-
chniques those all aim the creation of a sufficient 
length of submucosal tunnel without any torsion 
or kinking. All of these UNC techniques have indi-
vidual advantages and disadvantages with similar 
success rates (7).

 The presented series aim to gather an expe-
rience of more than 10 years. Although the num-
ber of cases within this time period was more than 
500, because of the retrospective nature of the stu-
dy we included only the cases with sufficient data 
for statistical analysis. The patient characteristics 
revealed that 60% of the patients were female, 66% 
had bilateral disease, 70% had scarred kidneys and 
more than 20% had history of previous endoscopic 
injection. These figures are in accordance with the 
literature and indications for open surgery (8).

 Since its introduction, intravesical cross-
-trigonal Cohen’s reimplantation technique beca-
me popular (9). This technique enables to perform 
synchronous bilateral UNC as well as providing 
the correction of bladder pathologies. The only 
disadvantage of potential difficulty in retrograde 
catheterization for future interventions for stone 
disease is today overcome by invention of the fle-
xible instruments. The dominancy of intravesical 
approach in our series depends on these mentio-
ned facts, the preponderance of bilateral cases and 
surgeon’s preference. For unilateral cases, Lich-
-Gregoir technique can be the option. However, 
the surgical success rates didn’t differ regarding 
the surgical technique.
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Table 2 - Analysis of the parameters which can affect the outcome (a: chi-square test, b: Mann-Whitney test).

Parameter Clinical 
improvement (%)

pa Postoperative UTI 
(%)

pa

Gender Male 94.2
0.129

11.7
< 0.001

Female 89.9 38.1

Laterality Unilateral 89.3
0.266

25.4
0.544

Bilateral 92.7 28.3

Grade of reflux 1-2 91.2

0.402

25

0.5293 91.3 32.5

4-5 92.7 26.1

Voiding dysfunction Yes 94.7
1.000

50
< 0.001

No 94.3 15.5

Renal scarring Yes 91.4
0.519

28.7
0.120

No 93.4 20.8

Preoperative BTI Yes 90.1
0.088

39.2
< 0.001

No 94.9 16.9

Number of preoperative BTI 0 94.9

0.227

16.9

< 0.0011 89.7 37.3

> 1 90.6 40.2

Preoperative history of subureteral 
injection

Yes 83.9

0.002

39.3

0.006

No 94 24

Operative approach Intravesical 92.7
0.704

26.7
0.250

Extravesical 91.9 37.5

Clinical improvement Postoperative UTI

Yes No No Yes

Age at diagnosis (months) 49.2 ± 41.8 41.9 ± 43.1 48.5 ± 42.4 48.7 ± 42.1

pb 0.246 0.801

Age at operation (months) 60.8 ± 40.3 47.3 ± 35.2 60 ± 40.2 59.3 ± 40.2

pb 0.153 0.798
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 Unlike the endoscopic injection techni-
ques (10), success of open UNC does not seem to 
be affected by the grade of reflux or the presen-
ce of voiding dysfunction (8,11,12). Similarly, our 
results revealed that UNC had a constant success 
rate regardless of the grade of VUR, presence of 
voiding dysfunction and also was not affected by 
the number of the preoperative breakthrough in-
fections, presence of renal scar or the age of the 
patient. This might be attributed to the correction 
of the anatomic defect by the creation of a submu-
cosal tunnel with an adequate length which pre-
vents the retrograde urine reflux. Hence, parents 
who consider the success of the procedure prefer 
open surgery (13). One advantage of UNC over en-
doscopic approach is the durability of the success 
rates. Long term results of endoscopic technique 
yielded a reflux recurrence rate of about 25% (14-
17). However, in patients who underwent a suc-
cessful UNC, recurrence is an extremely rare event 
and persistent vesicoureteral reflux after reim-
plantation resolves spontaneously in most chil-
dren and can be managed non-operatively with 
good long-term outcomes (8). Therefore, current 
practice is not to perform routine postoperative 
VCUG. However, some authors recommend VCUG 
for patients with hydronephrosis, renal scarring, 
UNC with tailoring (18), voiding dysfunction (19) 
and high grade VUR (20). Our policy is not to re-
commend routine postoperative VCUG and reser-
ve it for patients with sustaining hydronephrosis, 
recurrent UTI or complex cases.

 The single discrepancy of our findings from 
the literature was the worse clinical outcome of UNC 
in patients who had a history of previous injection. 
It was previously stated that UNC had a very high 
success also in patients who had an injection failu-
re (11,21,22). Considering the fact that even though 
not all of our patients had a control VCUG, our re-
sults showed that patients with a history of previous 
failed endoscopic injection had a significantly lower 
clinical improvement rate (83.9% vs. 94%). Several 
analyzes including all mentioned parameters (gen-
der, age at diagnosis and operation, laterality and 
grade of reflux, mode of presentation, breakthrough 
infections, presence of voiding dysfunction and re-
nal scar, operation technique)  have been done. The 
only difference between patients with and without 

history of failed previous injection was the age of 
the patient at operation. Patients with previous fai-
led injection treatment were older (69.6 ± 45.2 vs. 
56.1 ± 37.6 months, Mann-Whitney test, p = 0.030) 
and this may simply be attributed to the time delay 
from the injection date to the decision date to per-
form open UNC.

 Despite the expectations of parents, the 
primary aim of anti-reflux interventions is to 
prevent the retrograde reflux of urine and infec-
tion -if present- to kidney rather than sterilizing 
the bladder urine. Actually, the postoperative UTI 
is not an infrequent event. Postoperative UTI is 
reported between 20 to 50% of cases (23-27). In 
these studies, preoperative grade of reflux, pre-
sence of dysfunctional elimination syndrome, 
presence of renal scar and preoperative BTI were 
found as causative factors. The rate of postope-
rative UTI was 27.2% and factors affecting the 
occurrence of postoperative UTI in our series were 
previous failed endoscopic injection on univaria-
te analysis and female gender, preoperative BTI, 
operative success, voiding dysfunction on multi-
variate analysis.

 Although it is considered as the most in-
vasive treatment method amongst the anti-reflux 
interventions, UNC has very few postoperative 
complication rates. The surgery related complica-
tion rate and contralateral reflux development in 
our series were 2% and 8.9% respectively, which 
were consistent with the literature (2,28-30). Com-
plications were as follows: bleeding required blood 
transfusion in 1 patient, hematoma under incision 
in 3 and prolonged hospitalization secondary to 
UTI in 4 patients. These complications were all 
low grades and managed conservatively. There is 
an increasing effort to minimize the invasiveness 
of this open surgery. Apart from the laparoscopic 
technique, contemporary series report open UNC 
without or with 1-day catheter technique, or via 
inguinal incision, or bilateral extravesical with 
minimal ureteral dissection with no postoperative 
urinary retention (28,29,31,32).

VUR is most of the times considered as a 
benign entity. Besides this, it can be a serious pro-
blem in a group of patients particularly with bi-
lateral involvement in association with significant 
scarring. This group of patients is under signifi-
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cant risk of hypertension and renal insufficiency 
(33,34). VUR is the leading cause of end-stage 
renal disease in children which varies between 
5-25% of cases (35-37). With great interest of UTI 
management, the incidence of VUR nephropathy 
has decreased significantly (38,39). Because of 
the study designs and retrospective nature of the 
studies, it is difficult to have an exact rate of 
VUR-related nephrologic sequelas (hypertension, 
proteinuria, chronic renal insufficiency) (40). In 
our series of operated VUR disease, nephrologic 
follow-up was required in 3% of patients. The 
causes of nephrologic follow-up were hyperten-
sion in 5, increased serum creatinine in 5, pro-
teinuria in 1 and hematuria in 1 patient. The 
development of nephrologic problems was not 
associated with the success of the operation that 
only 1 of this 12 patients had a surgical failure 
after UNC which was a similar distribution when 
compared with the patients without nephrologic 
complications. Therefore, surgical success does 
not rule out development of nephrologic long 
term complications and uronephrologic follow 
up should be continued after the operation parti-
cularly for patients with bilateral high grade VUR 
and renal scarring preoperatively.

CONCLUSIONS

 UNC is the most effective method of pre-
venting VUR. It has high success and low compli-
cation rates. The only factor affecting the clinical 
improvement rate is the history of previous en-
doscopic injection failure. Postoperative UTI may 
occur despite a successful operation. Previous fai-
led endoscopic injection on univariate analysis 
and gender, preoperative BTI, operative success, 
voiding dysfunction on multivariate analysis were 
detected as the factors affecting the occurrence of 
postoperative UTI. Although it has a benign prog-
nosis in most of the patients, bilateral high grade 
VUR with renal scarring may have important con-
sequences and long term uronephrologic follow-
-up should be recommended.
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obstruction induced by chronic nitric oxide deficiency
_______________________________________________
Rommel Prata Regadas1, Ricardo Reges1, João Batista Gadelha Cerqueira1, Daniel Gabrielle Sucupira1, 
Francisco Vagnaldo F. Jamacaru2, Manoel Odorico de Moraes2, Lúcio Flávio Gonzaga-Silva1

1Division of Urology and 2Department of Pharmacology, Universidade Federal do Ceara, CE, Brazil

ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Purpose: The aim of this study was to define if tadalafil causes detrusor muscle im-
pairment and to observe the effect of combination of tadalafil with tamsulosin on the 
lower urinary tract of rats with bladder outlet obstruction (BOO) induced by chronic 
nitric oxide deficiency.
Materials and Methods: Thirty-one male rats were randomized to following groups: 
1 - control; 2 - L-Nitroarginine methyl ester (L-NAME); 3 - Tamsulosin + L-NAME, 4 
Tadalafil+L-NAME; and 5 - Tamsulosin + Tadalafil + L-NAME. At the end of the treat-
ment period (30 days), all animals were submitted to urodynamic study.
Results: The administration of L-NAME increased the number of non-voiding contrac-
tions (NVC) (1.04 ± 0.22), volume threshold (VT) (1.86 ± 0.35), and micturition cycle 
(MC) (1.34 ± 0.11) compared with control (0.52 ± 0.06, 0.62 ± 0.06, and 0.67 ± 0.30), 
respectively. The administration of tamsulosin reduced the number of NVC (0.57 ± 
0.42) and VT (0.76 ± 0.24 ) compared with L-NAME group. Co-treatment with tadalafil 
decreased the number of VT (0.85 ± 0.53) and MC (0.76 ± 0.22) compared with L-NA-
ME group. The combination of tamsulosin with tadalafil improved the number of NVC 
(0.56 ± 0.18), VT (0.97 ± 0.52) and MC (0.68 ± 0.30) compared with L-NAME group.
Conclusion: In rats with BOO induced by chronic nitric oxide deficiency, tadalafil did 
not cause impairment in detrusor muscle and seems to have an addictive effect to 
tamsulosin because the combination decreased non voiding contractions as well the 
number of micturition cycles.
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INTRODUCTION

There is now compelling evidence supporting 
a role for nitric oxide (NO)/cyclic guanosine mono-
phosphate (cGMP) signaling pathways in the regu-
lation of the micturition reflex (MR). Proteins of the 
NO/cGMP signaling pathway have been identified in 
the human lower urinary tract (LUT), suggesting a 
potential role in the physiology of bladder (1,2). Acti-

vation of the NO-cGMP signaling pathway generally 
results in relaxation of urethra and urethral sphincter, 
as well as of detrusor smooth muscle (DSM) (3).

 A study showed that 4-week treatment with 
the NO synthase blocker L-Nitroarginine methyl es-
ter (L-NAME) causes in vitro DSM supersensitivity 
to muscarinic agonists via increase in the levels of 
[H3]-inositol- phophate, accompanied by reduction 
of ß3-adrenoreceptor mediated DSM relaxations (4).
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 Recently, studies addressing the effect 
of phosphodiesterase type-5 inhibitors (PDE5i) 
on LUTS, alone or in combination with alpha-
-blockers have been published (5-8). Initially, 
the rationale for the use of PDE5i in the treat-
ment of lower urinary tract symptoms (LUTS) 
was based on demographic data showing the 
frequent occurrence of both erectile dysfunc-
tion (ED) and LUTS in men as they age (9). It 
has been shown that patients with ED treated 
with PDE5i experience improvement not only 
in ED symptoms but also in LUTS (10). As a 
consequence of these population studies, high 
level of evidence studies have emerged that cle-
arly shows improvement in LUTS after treat-
ment with PDE5i (11-13). Despite that, only few 
experimental studies have assessed the effect of 
this combination in the lower urinary tract.

 It has been debated if PDE5i causes im-
pairment of detrusor muscle because it ameliora-
tes LUTS without change maximum flow in clini-
cal studies. Additionally, it has been also discussed 
what is the better approach to patients with BPH 
with LUTS refractory to alpha-blocker. Change to 
PDE5i or combine alpha-blocker with PDE5i?

 The aim of this study was to define if 
tadalafil causes detrusor muscle impairment and 
to observe the effect of combination of tadalafil 
with tamsulosin on the lower urinary tract of 
rats with bladder outlet obstruction (BOO) indu-
ced by chronic nitric oxide deficiency.

MATERIALS AND METHODS

Animals
 The study was approved by the Animal 

Research Ethics Committee. In the experiment 
31 male adult Wistar rats weighing 275-330g 
were used.

Experimental Groups
 Thirty-one rats were randomized to five 

groups:
1. Control (n = 6): rats that received tap 

water alone for 4 weeks;
2. L-NAME (n = 6): rats that received 

L-NAME (20mg/rat/day, given in the 
drinking water for four weeks);

3. Tamsulosin (n = 6): tamsulosin was 
given by oral gavage (1mg/kg/day) 
and L-NAME in the drink water;

4. Tadalafil (n = 7): tadalafil was given 
by oral gavage (5mg/kg/day) and L-
-NAME in the drink water;

5. Tamsulosin/Tadalafil (n = 6): tam-
sulosin (1mg/kg/day) and tadalafil 
(5mg/kg/day) were given by oral 
gavage, and L-NAME diluted in the 
drink water; Based on dosages used 
in other studies, L-NAME (20mg/kg/
day) was administrated diluted in 
drinking water; tamsulosin (1mg/
kg /day) and tadalafil (5mg/kg/day) 
were administered by oral gavage 
for 30 days (14-16).

Cystometry in Anesthetized Rats
 All animals were submitted to cystometro-

gram (CMG) at the end of treatment period.
 The rats were anesthetized intraperitone-

ally with urethane (1.2g/kg). A 1cm incision was 
made along the midline of the rat abdomen. The 
bladder was exposed and a butterfly needle (19G) 
was inserted into the bladder dome and connec-
ted to a pressure transducer and to an infusion 
pump. Before starting the cystometry, the blad-
der was emptied and waited for a period of 30 
min. to equilibrate detrusor. Continuous cystome-
try (CMGs) was carried out by infusing saline into 
the rat bladder at a rate of 4mL/h. The Power Lab 
v.5.0 System (ADInstruments, Australia) was used 
to signal acquisition.

 The following parameters were asses-
sed: number of non-voiding contraction (NVC), 
threshold pressure (TP) at which micturition began, 
the peak pressure (PP) during micturition, volume 
threshold (VT) that was calculated by the time ne-
eded for the first micturition X 4mL/60min., num-
ber of micturition cycles (MC) per minute  and 
basal pressure (BP). NVC was considered as spon-
taneous bladder contraction > 4mmHg from the 
baseline pressure that did not result in a void. The 
urodynamic variables evaluated and the metho-
dology used in the CMGs match those described 
in the literature (17). Detrusor overactivity was 
defined as increase of NCV or MC. Bladder outlet 



ibju | Tamsulosin and Tadalafil in The lower urinary TracT

548

obstruction (BOO) was considered as increased 
VT with normal or increased TP (18). Detrusor 
hypocontratility was defined as increased VT as-
sociated with decreased TP.

Statistical analysis

 The distribution of the quantitative, con-
tinuous and discrete variables was analyzed with 
the Kolmogorov-Smirnov test. Mean values and 
standard deviations were calculated and sub-
mitted to parametric tests. The five groups were 
compared by analysis of variance (ANOVA) while 
pairwise comparisons were made with Turkey’s 
multiple comparison tests. The level of statisti-
cal significance was 5% (p < 0.05). The softwa-
re GraphPad Prism® version 5.00 for Windows® 
(GraphPad Software, San Diego, California, USA, 
2007) was used for the statistical analysis.

RESULTS

Long-term administration of L-NAME re-
sulted in significant increase in number of NVC 
(1.04 ± 0.22), VT (1.86 ± 0.35), and MC (1.34 ± 
0.11) compared with control (0.52 ± 0.06, 0.62 ± 
0.06, and 0.67 ± 0.30); P=0.006, P < 0.001 and P 
= 0.01, respectively (Table-1).

Co-treatment with tamsulosin decreased the 
number of NVC (0.57 ± 0.42) when compared with 
L-NAME (P = 0.006). Tamsulosin administration also 
resulted in significant decrease in VT (0.76 ± 0.24 ) 
compared with L-NAME group. The number of MC 
improve (0.95 ± 0.54), however compared with L-
-NAME the reduction observed was not significant.

Co-treatment with tadalafil markedly decre-
ased VT (0.85 ± 0.53) as well the number of MC 
(0.76 ± 0.22), compared with L-NAME (P = 0.01). 
Although the administration of tadalafil decreased 
the NVC (0.66 ± 0.20), the amount of effect obser-
ved was not significant when compared with L-NA-
ME Group.

The combination of tamsulosin with tada-
lafil resulted in significant reduction in number of 
NVC (0.56 ± 0.18), VT (0.97 ± 0.52) and MC (0.68 ± 
0.30), compared with L-NAME (P = 0.006, P < 0.001 
and P = 0.01, respectively) (Figures 1, 2, and 3).

There were no significant differences betwe-
en the groups in relation of PT, PP and BP (Table-1).

DISCUSSION

 The effect of tamsulosin and tadalafil, alo-
ne and in combination, on rats with BOO induced 

Table 1 - Administration of Nω-nitro-L-arginine methyl ester hydrochloride (L-NAME) to the Group 2 resulted in increased 
number of non voiding contractions, volume threshold and micturition cycles compared to control. Administration of 
tamsulosin significantly decreased the number of non voiding contractions and volume threshold. Tadalafil decreased the 
number of volume threshold and micturition cycles. The combination of tamsulosin with tadalafil reduces either variables 
(COMPARED TO L-NAME).

Variables Group 1 (n = 6)
Mean ± SD

Group 2 (n = 6)
Mean ± SD

Group 3 (n=6)
Mean ± SD

Group 4 (n = 7)
Mean ± SD

Group 5 (n = 6)
Mean ± SD

P value
(ANOVA)

NVC 0.52 ± 0.06 1.05 ± 0.23† 0.58 ± 0.43‡ 0.67 ± 0.21 0.56 ± 0.19‡ 0.0101

VT 0.62 ± 0.06 1.86 ± 0.35† 0.76 ± 0.24‡ 0.85 ± 0.53‡ 0.97 ± 0.52‡ 0.001

PT 26.67 ± 4.50 24.17 ± 5.04 26.71 ± 4.11 30.00 ± 8.32 28.83 ± 2.14 0.3637

PP 29.17 ± 7.83 27.50 ± 4.76 27.14 ± 6.77 29.67 ± 2.94 31.33 ± 3.56 0.6725

MC 0.68 ± 0.31 1.35 ± 0.12 0.96 ± 0.54 0.76 ± 0.22‡ 0.68 ± 0.30‡ 0.0101

BP 14.67 ± 8.07 18.83 ± 3.13† 16.14 ± 6.96 11.00 ± 4.29 11.00 ± 4.82 0.1135

1 = Control, 2 = L-NAME, 3 = Tamsulosin, 4 = Tadalafil and 5 = Tamsulosin/Tadalafil. NVC - non-voiding contraction, TP - threshold pressure, PP - peak pressure, VT 
- volume threshold, MC - micturition cycle and BP - basal pressure. SD - standard deviation, ANOVA - analysis of variance. The symbols †(P < 0.05) and ‡(P < 0.05) 
denote statistically significant differences in relation to Group 1 and Group 2, respectively (Tukey's multiple comparison test).
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Figure 1 - Long term administration of Nω-nitro-L-arginine methyl ester (L-NAME) incresed the number of NVC, co-treatment 
with Tamsulosin and combination of Tamsulosin/Tadalafil reduce NVC.

Figure 2 - Long term administration of Nω-nitro-L-arginine methyl ester (L-NAME) incresed volume thrshold (VT); co-treatment 
with tamsulosin, tadalafil, and the combination of Tamsulosin/Tadalafil reduce VT.

 *P<0.05 comparing L-NAME with control; +P<0.05 comparing Tamsulosin, Tadalafil and Tamsulosin/Tadalafil groups with L-NAME. (P refers to Tukey´s 
multiple comparision test)

+P<0.05 comparing L-NAME with control; *P<0.05 comparing Tamsulosin and Tamsulosin/Tadalafil groups with L-NAME. (P refers to Tukey´s multiple 
comparision test).
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by chronic nitric oxide deficiency was evaluated 
in this study.

 Initially, the chronic administration of L-
-NAME, a nitric oxide synthase (NOS) inhibitor, 
caused an increase in the number of NVC, VT, and 
MC compared with control. Increase in NVC and 
MC in experimental in vivo studies have been as-
sociated with DO (18). This finding was also simi-
lar to an organ bath study that evaluated bladder 
of rats submitted to chronic NO deficiency indu-

ced by daily administration of L-NAME. An incre-
ased contractile response of the detrusor muscle 
to muscarinic receptors and reduced relaxation 
mediated by adrenergic receptors was noted (4). In 
this study, it was also observed an increase in VT 
in animals with chronic deficiency of NO similarly 
to a previous study (18). There are two theories 
that could explain this observation: increased ure-
thral resistance or detrusor impairment. However, 
as micturition of the L-NAME rats had detrusor 
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pressure similar to control, it suggests an incre-
ased urethral resistance that is compatible with 
bladder outlet resistance.

 When the animals with chronic deficiency 
of NO were treated with tamsulosin it was ob-
served a reduction in VT. As previously known 
tamsulosin decreases smooth muscle contraction 
due to the alpha blocker action in prostate and 
urethra. Tamsulosin administration also improves 
the number of NVC and MC. However, only NVC 
was significant reduced compared with L-NAME 
Group. This finding corroborates with studies that 
have pointed the expression of alpha-1D adre-
noceptors in rats with BOO (1). Therefore, it is a 
possible explanation to positive effect noted in 
the animals treated with tamsulosin on the filling 
phase. In one of these studies the effect of tam-
sulosin on the bladder function was investigated 
in conscious rats with bladder outlet obstruction 
induced by partial urethral ligation, and was con-
cluded that premicturition contractions observed 
in obstructed rats were reduced with alpha-(1)-
-adrenoceptor antagonists (19). However, further 
studies are necessary to determine the mechanis-
ms behind the effects of tamsulosin at bladder.

 The administration of tadalafil reduced 
the number of NVC, VT and MC. However, com-
pared with L-NAME, only the reduction of VT and 
MC was significant. The exact mechanism through 

which PDE inhibitors act in the lower urinary tract 
remains unclear. Nonetheless, there are several 
theories to explain it. The candidate mechanisms 
include pelvic atherosclerosis, autonomic hype-
ractivity, the calcium in independent Rho-kinase 
activation pathway and reduced NO levels (20). 
It is likely that there is an overlap between the 
roles of each of these candidate mechanisms. Ho-
wever, probably the hypothesis of the reduction 
of NO is the best explanation. This theory can be 
supported by the increase in the number of NVC, 
VT, and MC observed in the animals with chro-
nic deficiency of NO in this study. Nitric oxide 
can activate guanylate cyclase, the enzyme that 
produces cGMP. The accumulation of intracellu-
lar cGMP triggers a cascade, leading to decreased 
intracellular calcium level and subsequent relaxa-
tion of smooth muscle cells. As previously kno-
wn, the amount of cGMP results from the balance 
between production (NO) and degradation made 
by phosphodiesterase enzymes that hydrolyze and 
inactivate cyclic nucleotides. Thus, PDE5i incre-
asing cGMP can probably explain the reduction 
in VT (decrease urethral resistance) and MC (re-
laxation of detrusor) observed in this study. This 
finding was comparable to other study that con-
cluded that acute administration of sildenafil de-
creases the number of MC (18). As tadalafil did 
not decrease detrusor pressure (LP or PP) become 

+P < 0.05 comparing L-NAME with control; *P < 0.05 comparing Tadalafil and Tamsulosin/Tadalafil groups with L-NAME. (P refers to Tukey´s multiple 
comparision test)

Figure 3 - Long term administration of Nω-nitro-L-arginine methyl ester methyl ester (L-NAME) incresed the number of MC, 
co-treatment with tadalafil and the combination of Tamsulosin/Tadalafil reduce MC.
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evident that PDE5i do not cause impairment in 
detrusor muscle. This finding is important because 
it has been hypothesized that PDE5i could cause im-
pairment in contractility of detrusor muscle.

 It was also noted that the tadalafil seems 
to have an addictive effect to tamsulosin because 
beyond to improvement in VT, the combination ma-
rkedly decreased NCV and MC. This finding in an 
experimental study could be a possible explanation 
why this combination was more effective to impro-
ve LUTS compared with the administration of tam-
sulosin or tadalafil alone in a randomized, double 
blind and placebo controlled clinical trial (8). PDE5i 
effect is likely to be due to a subsequent increase in 
cGMP resulting in relaxation of detrusor (NVC and 
MC) and urethral (VT) smooth muscle. In addition, 
α1-blockers are known to favor the cyclic cAMP-
-dependent signaling pathway involved in relaxa-
tion mediated by adrenoceptors. If cAMP-dependent 
signaling is favored in the presence of a α1-blocker, 
this could increase cGMP levels initially stimulated 
by tadalafil, which had until then remained func-
tionally silent. Such positive cross-talk mechanism 
between cGMP and cAMP signaling previously des-
cribed in other systems, could be the origin of the 
enhanced relaxant effect of the combination (20-23).

 To our knowledge, this is the first experi-
mental study that evaluated the effect of chronic 
orogastric administration combination of tamsu-
losin and tadalafil on the urinary tract of rats with 
BOO induced by L-NAME using CMG.

CONCLUSIONS

 In rats with bladder outlet obstruction in-
duced by chronic nitric oxide deficiency, tadalafil 
did not cause impairment of detrusor muscle and 
seems to have an addictive effect to tamsulosin 
because the combination decreased significantly 
non voiding contractions as well the number of 
micturition cycles.
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Objective: This study aims to observe the function of umbilical cord-mesenchymal stem 
cells (UC-MSCs) labelled with enhanced green fluorescent protein (eGFP) in the repair 
of renal ischaemia-reperfusion (I/R) injury, to determine the effects on inflammatory 
cascade in an established rat model and to explore possible pathogenesis.
Materials and Methods: Sixty rats were randomly divided into three groups: the sham-
-operated, I/R and UC-MSC treatment groups. All rats underwent right nephrectomy. 
Ischaemia was induced in the left kidney by occlusion of the renal artery and vein for 
1hour, followed by reperfusion for 24 hours or 48 hours. Kidney samples were collected 
to observe morphological changes. Immunohistochemistry was performed to assess the 
expression of intercellular adhesion molecule 1 (ICAM-1) in the renal tissue sample, 
as well as the number of infiltrating polymorphonuclear neutrophils (PMNLs) and UC-
-MSCs with positive eGFP.
Results: Renal histopathological damages and the expression of ICAM-1 and PMNL 
increased significantly in the I/R group compared with those in the sham-operated 
group, whereas the damages were less conspicuous in the UC-MSC treatment group.
Conclusions: Renal ICAM-1, which mediated PMNL infiltration and contributed to re-
nal damage, was significantly up-regulated in the I/R group. UC-MSCs were identified 
to inhibit these pathological processes and protect the kidney from I/R injury.
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INTRODUCTION

Renal ischaemia-reperfusion (I/R) injury is 
commonly observed in clinic and is considered as 
the main cause of acute renal failure (ARF). Over 
the last few decades, blood purification technolo-
gy and critical care medicine have significantly 
developed, but the mortality of acute tubular ne-
crosis (ATN) induced by septicaemia, shock, and 
serious trauma did not decline, maintaining a ran-
ge of 30% - 50% (1). More studies have focused 
on the promotion of the regeneration and repair 

of necrotic renal tubular epithelial cells and on the 
reduction of ARF mortality. With the improvement 
in stem cell research, a new method is proposed for 
the treatment of ischaemia-induced irreversible 
renal tubular damages based on the repair and re-
generative capability of stem cells. Mesenchymal 
stem cells (MSCs) are adult stem cells present in 
different tissues of the body and are derived from 
the bone marrow (2,3), peripheral blood (4,5), um-
bilical cord blood (6,7) and fat (8). Several studies 
have been performed on bone marrow MSCs (BM-
-MSCs). BM-MSCs have been used as seed cells 
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in different fields of transplantation therapy, but 
umbilical cord mesenchymal stem cells (UC-MSCs) 
are rarely studied and are thus confronted with 
numerous unsolved problems. Compared with the 
adult bone marrow, the umbilical cord has nume-
rous advantages, such as extensive source, easy 
collection and transformation of waste into bene-
ficial products. The isolation of UC-MSCs from the 
whole umbilical cord provides an extensive and 
new source of MSCs, which can significantly pro-
mote clinical application.

 To study the possibility of applying MSCs 
to the treatment of tubular injury disease, several 
researchers used an animal model of I/R to exa-
mine BM-MSCs. Results showed that BM-MSCs 
promote renal tubular damage repair and protect 
renal function. Moreover, BM-MSCs can differen-
tiate into renal tubular epithelial cells and vascu-
lar endothelial cells, which are directly involved in 
the repair of renal tubular injury (9). In addition, 
BM-MSCs can improve and promote endogenous 
renal proliferation repair, which depends on the 
complex-regulated paracrine mechanism (10,11). 
However, the repair mechanisms of BM-MSCs 
vary in different laboratories, and the possibility 
that UC-MSC mechanisms are identical to those of 
BM-MSCs is rarely investigated.

 The inflammatory cascade induced by I/R 
is an important factor causing renal injury. Vascu-
lar endothelial cell dysfunction with high expres-
sion of intercellular adhesion molecule-1 (ICAM-
1) and activated white blood cells (WBCs) and 
tissue macrophages can initiate the inflammatory 
cascade (12). After transplantation, MSCs hypo-
thetically enter the blood circulation and express 
various adhesion molecules, such as ICAM-1, vas-
cular cell adhesion molecule-1 (VCAM-1), L-selec-
tin and P-selectin. The neutrophils are activated, 
reach the specific damage sites and adhere to the 
vascular endothelium. These neutrophils enter the 
renal interstitium through the vessels with incre-
ased permeability, partially replace the original 
infiltration site of the neutrophils and reduce neu-
trophil infiltration. This mechanism reduces the 
damage induced by reactive oxygen species, in-
flammatory mediators and proteases in the tissue 
at the acute injury stage. No direct experimental 
evidence confirms the possibility that UC-MSCs 

express similar factors, directly differentiate into 
renal tubular epithelial cells or vascular endo-
thelial cells, or promote endogenous repair either 
through inflammatory response reduction or with 
the combination of the two mentioned pathways.

 In this study, caudal vein injection of UC-
-MSCs was performed to treat rats with renal I/R. 
The repair function of UC-MSCs and their effects 
on inflammatory cascade after I/R were observed 
to elucidate the UC-MSC plasticity and enhance 
the theory of acute tubular necrosis repair. ICAM-
1 expression in the renal tissue and WBC infil-
tration, and their relationship with UC-MSC ho-
ming number, were detected. Moreover, the effect 
of UC-MSC homing on the inflammatory cascade 
and on the renal protection mechanism was preli-
minarily investigated.

MATERIALS AND METHODS

Animals and grouping
 Twenty healthy male Sprague–Dawley 

(SD) rats with body weight ranging from 250g 
to 300g were provided by the Laboratory Animal 
Centre of Jinzhou Medical College. After adaptive 
breeding for 7 days, the rats with negative uri-
ne screening results were randomized into three 
groups: the sham-operated (sham), I/R and hu-
man umbilical cord mesenchymal stem cell (UC-
-MSCs+I/R) groups. Each group had 20 rats. This 
study was carried out in strict accordance with the 
recommendations in the Guide for the Care and 
Use of Laboratory Animals of the National Insti-
tutes of Health. The animal use protocol has been 
reviewed and approved by the Institutional Ani-
mal Care and Use Committee (IACUC) of Liaoning 
Medical College.

Establishment of rat model of renal I/R and 
sampling process

 The rats in the I/R group were anaestheti-
zed intraperitoneally with 20% urethane. The left 
renal pedicle was isolated and occluded by non-
-invasive artery clamp for 1hour. The clamp was 
then removed to monitor the recovered renal blood 
flow. The indication of successful reperfusion is 
the change in the renal colour from dark red (re-
sulting from ischaemia) to bright red within 5 min. 
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of artery clamp removal. The right kidney was re-
moved, and abdomen closure was performed layer 
by layer. In the UC-MSC group, 1 x 106 (0.5mL) 
UC-MSCs transfected with enhanced green fluo-
rescent protein (eGFP-UCMSCs) (Heze Biotech Co., 
Ltd., Beijing, China) were injected into the caudal 
vein of the rats 30 min. after reperfusion. In the 
sham group, the right kidney of the rats was re-
moved, and the left renal pedicle was isolated but 
not occluded. The same volume of normal saline 
was injected into the caudal vein of the rats in the 
I/R and sham groups. Ten rats from each group 
were executed 24 and 48 hours after injection. The 
left kidney (approximately three quarters) from 
each rat was fixed in FAA solution (every 100mL 
of FAA solution contained 10mL of formalin, 5mL 
of glacial acetic acid and 85mL of 95% ethanol) 
for further research, and the rest of the tissue was 
prepared for conventional frozen section.

Histological study
 The renal tissue samples were cut into 2μm 

slices after fixation in FAA solution, dehydration 
and paraffin embedding. Hematoxylin and eosin 
(HE) staining was performed on the slides, and 
the lesions were examined using a light microsco-
pe. Paller’s criterion for grading tubulointerstitial 
lesion was applied. To record the score, 10 renal 
tubules were randomly selected from every high-
-power field. The tubule with apparent expansion 
and flat or swelling cells scored one point, whereas 
those with a brush border were injured or fell off 
and scored one or two points. Moreover, urinary 
casts scored two points, the necrotic cells (did not 
form cast or fragments) in the tubule cavity scored 
one point. The scoring process was performed in 
10 random fields (i.e., 100 renal tubules).

Leukocyte counting
 Inflammatory cells (per mm2) that infil-

trated into the tubule interstitium were analysed 
by using a computerized medical image analysis 
system (CMIAS), which indicated the amount of 
leukocytes in the renal tissue.

ICAM-1detection
 Rabbit-anti-rat ICAM-1 and SP working 

solution kit (Wuhan Boster Biological Enginee-

ring Co., Ltd., Wuhan, China) were applied to de-
tect the ICAM-1 expression in the renal tissue by 
immunohistochemistry. The 4μm tissue sections 
underwent routine deparaffinization and rehydra-
tion. Freshly prepared 3% hydrogen peroxide was 
used to deactivate endogenous peroxidase. After 
antigen retrieval by heat, protein block solution 
was added to block the sample for 20 min. The 
slides were incubated with rabbit-anti-rat ICAM-1 
antibody overnight at 4ºC and with biotinylated 
secondary antibody at room temperature (RT) for 
20 min. Strept Avidin-Biotin Complex was em-
ployed at RT for 20 min., followed by DAB deve-
loping. The developing time was controlled under 
a microscope. Finally, hematoxylin was applied 
for counterstaining, followed by dehydration, 
transparency and mounting. The negative control 
received PBS instead of the primary antibody. Re-
sults were determined by claybank particles that 
indicated a positive site. The dark brown area was 
the strong positive, claybank was positive and 
light yellow was weak positive. The uncoloured 
cells were considered negative cells.

Pathological image analysis
An inverted diffraction phase and fluores-

cence microscope (Leica Company, Berlin, Ger-
many) was used to select 10 high power fields 
randomly at the lesion site on immunohistoche-
mical slides from each group. CMIAS multi-func-
tional true colour pathological image analysis 
system (Motic Image Technology Co., Ltd, Beijing, 
China) was employed, and computerized image 
analysis software facilitated computer reading to 
recognize the immunohistochemically positive 
signals of the selected slide fields. The expression 
of ICAM-1 in the renal tissue was assessed semi-
-quantitatively by calculating the integration of 
positive-coloured area. This result represented the 
integrated optical density value for each field, 
and the average of these 10 values represented the 
value for each sample. Finally, the values were 
compared among the groups.

The renal tissue samples were embedded 
with OCT and cut into 10μm slides. An inverted di-
ffraction phase and fluorescence microscope was 
used to observe the GFP expression in cells of the 
renal tissue in each group when the slide was ex-
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posed to UV (488 ± 15nm). The green cells were 
the positive eGFP-UCMSCs after transplantation. 
The number of GFP-positive cells was counted 
in five high-power fields (400x) for each slide. 
The percentage of positive cells was calculated 
as: positive cell % = number of positive cells/ 
(number of positive and negative cells) x 100%.

Statistical analysis

 All values were presented as mean ± 
standard deviation after quantitative or semi-
-quantitative analysis and then subjected to one-
-factor analysis of variance using SPSS 13.0 sof-
tware. The linear correlation analysis of indices 
was employed. Differences were considered sig-
nificant at P < 0.05.

RESULTS

Histopathological changes of renal tissue in rats
 Renal tubules were arranged neatly in 

the sham group, and no congestion edema was 
observed in the mesenchyme (Figure-1A). The 
renal cortex and medulla in the I/R group were 

observed to have tinted white colour with mild 
swelling. Result of HE staining under a micros-
cope showed the proximal convoluted tubules in 
an inordinate and loose arrangement. Epithelial 
cells apparently swelled and were characterized 
by an extensive vacuolar degeneration and flaky 
necrosis. The nuclei of minor epithelial cells 
were discovered in pyknosis and deep dyeing, 
and epithelium cells fell off the lumen. Large 
urinary casts were initially formed in distal con-
voluted tubules. Renal interstitium was locally 
bled and complicated with inflammatory cell in-
filtration. Apparent injury was detected in the 
I/R 24 h group (Figure-1B), that was worse in 
the I/R 48 hours group (Figures 1C and D). The 
UC-MSC group showed light tissue injury, mild 
edema of renal interstitium and normal arrange-
ment of renal tubules. Mild swelling of tubular 
epithelial cells in areas where brush border fell 
off and urinary casts were occasionally obser-
ved. Inflammatory cell infiltration was also less 
serious in the UC-MSC group compared with the 
I/R groups (Figures 1E, F and G). The changes in 
all groups were more severe after 48 hours than 
after 24 hours.

Figure 1 - HE staining of renal tissue.

A B

D E

C

A) the sham-operated group (100x); B) the I/R group at 24 h (400x); C) the I/R group at 48 hours (100x); D) the I/R group at 48 hours (400x); E) the UC-MSCs+I/R group at 
24 hours (400x); F) the UC-MSCs+I/R at 48 hours (400x); G) the UC-MSCs+I/R at 48 hours (100x).
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Scoring of renal tubule and leukocyte counting 
in renal tissue

 Single factor analysis of variance betwe-
en groups was used for the pair-wise compari-
son of the renal tubular score among different 
groups. Results showed that compared with those 
in the sham group, the renal tubular score and 
leukocyte number in the renal tissue in I/R group 
increased significantly (P < 0.01). The renal tu-
bular score and leukocyte number in renal tissue 
in the UC-MSC group were significantly lower 
than that in the I/R group (P < 0.01). Significant 
differences were observed after 24 and 48 hours 
between the other two groups (P < 0.05). Data are 
summarized in Table-1.

ICAM-1 expression in renal tissue
 The sham group showed trace ICAM-

1 expression in the renal tissue in Figure-2A. 
ICAM-1 expression was prominent in the renal 
vasa recta, peritubular capillaries, glomerulus, 
proximal convoluted tubule and renal inters-
titium, which was significantly up-regulated 
within 48 hours. The expression of ICAM-1 
(Figure-2B) in the I/R 24 h group was higher in 
the I/R 48 hours group (P < 0.01) (Figure-2C). 
ICAM-1 expression was significantly lower in 
the UC-MSC group than that in the I/R group (P 
< 0.01) (Figure-2D). Significant differences in 
ICAM-1 expression were observed between 24 
and 48 hours in all groups (P < 0.01) (Figure-
-2E), except for the sham group (Table-2).

Ratio of positive eGFP-UCMSCs
 A fluorescent microscope revealed no 

GFP-positive UC on the frozen sections of the kid-
ney in the sham and I/R groups (Figures 3A and 
B). GFP-positive MSCs were found among the re-
nal tubule cells in the UC-MSC group (Figures 3C 
and D), and the presence of GFP-positive MSCs 
was higher in the 48 h group than in the 24 h 
group (P < 0.01). Data are shown in Table-3.

Correlation analysis
 Using linear correlation analysis, the three 
groups of data were combined to analyze the 
correlation among the four detected indices. The 
correlation study of the renal tubule score, leu-
kocyte number in renal tissue and ICAM-1 expres-
sion showed that renal tubule score of 24 and 48 
hours reperfusion was positively correlated with 
the leukocyte number in renal tissue and ICAM-1 
expression (r = 0.89, 0.88, respectively, P < 0.01). 
The renal tubule score, leukocyte number in re-
nal tissue and ICAM-1 expression in the renal tis-
sue positively correlated with the ratio of positive 
eGFP-UCMSCs (r = 0.73, P < 0.01).

DISCUSSION

In this study, caudal vein injection with UC-
-MSCs was performed for the treatment of renal I/R 
rats. The rate of eGFP-UCMSC positive cells in the 
renal tissues and ICAM-1 expression were observed, 
and the effect of UCMSCs on I/R renal repair and 

Table 1 - Renal tubule scoring and renal tissue leukocyte counting in different groups.

Group Score of renal tubule Leukocyte in renal tissue (n/mm2)

24 hours 48 hours 24 hours 48 hours

Sham 1.40 ± 1.17 1.40±1.07 0.90 ± 1.10 1.30 ± 1.77

I/R 169.60 ± 15.68# 182.40 ± 12.77# 39.20 ± 11.99# 66.70 ± 15.51#

UC-MSCs 71.90 ± 16.26#* 90.20 ± 15.01#* 18.90 ± 7.45#* 27.20 ± 9.53#*

Note: #P < 0.01 vs. sham group; *P < 0.01 vs. I/R group.
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Table 2 - ICAM-1expression in renal tissue at different time in all groups.

Group N 24 hours 48 hours

Sham 10 0.2170 ± 0.1063 0.1919 ± 0.0876

I/R 10 5.2569 ± 0.7397# 8.1012 ± 1.6640#

UC-MSCs 10 2.2249 ± 0.9637#* 4.4056 ± 0.9802#*

Note: #P < 0.01 vs. sham group; *P < 0.01 vs. I/R group. 

Figure 2 - Expression of ICAM-1 in renal tissue detected by immunohistochemistry (100x).

A B

ED

C

A) The sham-operated group; B) The I/R group at 24 hours; C) The I/R group at 48 hours; D) The UC-MSCs+I/R group at 24 hours; E) The UC-MSCs+I/R group at 48 hours.

inflammatory cascade after I/R were investigated. 
Results were theoretically consistent.

 In addition, eGFP-UCMSCs were trans-
planted to the rat model of renal I/R injury and 
the homing condition was observed. The GFP that 
is isolated from jellyfish and stably expressed in 
mammalian cells is a luminescent protein. This pro-
tein has gained considerable attention because of its 
advantages, such as harmlessness to cell, strongest 
marker intensity among all marker techniques, no 
requirement for substrate during detection and long 
maintenance of fluorescence (13,14). Results sho-
wed positive eGFP cells in the renal tissue of UC-

-MSCs 24 hours group, and the increase in positive 
eGFP cells was more significant after 48 hours in 
the UC-MSC group (P < 0.01), which was positively 
correlated with the ratio of positive eGFP cells. The-
refore, we speculated that UC-MSCs transplanted in 
the rat model of renal I/R injury were similar to the 
neutrophils recruited by ICAM-1. These neutrophils 
adhered to the vascular endothelium in the specific 
sites of injury and infiltrated into renal interstitium 
through blood vessels with enhanced permeability. 
UC-MSCs inactivated part of activated ICAM-1 with 
homing and replaced the infiltration sites of neutro-
phils (15). Hence, neutrophil infiltration and renal 
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Figure 3 - Green fluorescent protein-marked expression of UC-MSCs in the renal tissue (400x).

Table 3 - Ratio of positive eGFP-UCMSCs in renal tissue at different time in all groups (%).

Group N 24 hours 48 hours

Sham 10 0 0

I/R 10 0 0

UC-MSCs 10 9.8 ± 1.2# 21.2 ± 7.3#*

Note: #p < 0.005 vs. sham and I/R group; *p < 0.01 UC-MSCs+I/R 48 hours vs. UC-MSCs+I/R 24 hours I/R group.

A) The sham-operated group; B) The I/R group at 48 hours; C) The UC-MSCs+I/R group at 24 hours; D) The UC-MSCs+I/R group at 48 hours.

A B

DC

injury were decreased, and endogenous repair was 
promoted by alleviating the inflammatory cascade.

 Results of this study showed that ICAM-
1 expression in the renal tissue in the I/R group 
increased significantly. The infiltration degree of 
inflammatory cells was positively correlated with 
ICAM-1 expression, and the renal tubular score 
was also positively correlated to inflammatory cell 
infiltration degree. This finding indicated that up-

-regulation of ICAM-1 expression and mediated 
leukocyte infiltration and recruitment are the key 
factors in renal I/R that facilitate the occurrence 
and development of I/R damage.

 In this experiment, ICAM-1 expression 
and neutrophil infiltration remarkably declined in 
the UC-MSC group. UC-MSC homing might be re-
gulated by multiple cytokines, including ICAM-1 
expression, which were damaged by I/R. Togel et 
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al. (11) treated the kidney of I/R rats by BM-MSC 
transplantation and achieved improvement in in-
flammation, vessels and necrotic renal tissue. The 
function of UC-MSCs is similar to that of BM-MSCs 
(16). A large number of studies show that UC-MSCs 
also express multiple receptor molecules, including 
VCAM-1, L-selectin, P-selectin and platelet endo-
thelial cell adhesion molecule (PECAM) (17,18), 
and that the ICAM-1 expression in MSCs requires 
induction. These receptor molecules interact with 
the highly expressed ICAM-1 by through the renal 
tubule under I/R conditions, resulting in the proli-
feration and homing of MSCs (19).

 MSCs are adult stem cells that distribute in 
different tissues of body and are prominent in the 
bone marrow and UC (2). Considerable attention 
has been focused on bone marrow-derived MSCs, 
which have been applied to transplantation thera-
py as seed cells. However, few studies were repor-
ted on the treatment of renal I/R with UC-MSCs 
(20). According to a number of laboratory reports, 
the surface antigens of UC-MSCs have no specifi-
city and possess strong self-renewal potency, high 
proliferation and multi-directional differentiation 
potential, which differentiate these antigens into 
any of the three germ layers and define them as 
the seed cells of various tissues (21). Previous stu-
dies on the effects of transplanting MSCs in renal 
I/R have focused on the function of MSCs in renal 
colonization and differentiation (22).

 The inflammatory cascade induced by re-
nal I/R is an important factor leading to renal da-
mage (23). Vascular endothelial cell dysfunction, 
high expression of ICAM-1 and activation of leu-
kocytes and macrophages may initiate inflamma-
tory cascade (24). Numerous experiments indicate 
that adhesion and activation of neutrophils is the 
basis of I/R injury, which further causes mechani-
cal obstruction, release of abundant inflammatory 
substances, activates more inflammatory cells and 
parenchyma cells and forms inflammatory casca-
de. Inhibiting leukocyte activation and blood ves-
sel infiltration is the solution to reduce I/R injury, 
and blocking any link helps to ameliorate the I/R 
injury (25,26).

 In this study, UC-MSC homing was pre-
liminarily investigated. Results showed that UC-
-MSC homing and paracrine regulation may re-

duce inflammation and improve and promote the 
endogenous renal proliferation. Research on UC-
-MSC has improved and has provided a new stra-
tegy for the treatment of renal tubular damages 
induced by I/R. However, many questions require 
further studies to be answered. For instance, in 
the application of UC-MSCs to the treatment of 
renal diseases, the consequences of UC-MSC re-
ceptor transplantation and its mechanism, as well 
as chromosome instability and risk of malignancy 
induced by in vitro UC-MSC amplification in long 
term (27), remain poorly understood. Therefore, 
more studies are needed to elucidate the biology 
of UC-MSCs in vivo and in vitro.

 In conclusion, the multilineage differentia-
tion capacity of MSCs can repair the renal tissue. 
Moreover, inflammatory cytokine consumption 
and inflammatory cell reduction during the MSC 
homing process contribute to the reduction of re-
nal I/R injury and promote renal repair. The trans-
plantation of MSCs may be an effective method for 
the treatment of severe renal tubular injury.

ABBREvIATIONS

BM-MSCs = bone marrow MSCs
eGFP = enhanced green fluorescent protein
eGFP-UCMSCs = UC-MSCs transfected with 
enhanced green fluorescent protein
ICAM-1 = intercellular adhesion molecule 1 
I/R = renal ischaemia-reperfusion
MSCs = mesenchymal stem cells 
PMNLs = polymorphonuclear neutrophils 
UC-MSCs = umbilical cord-mesenchymal stem cells 
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Purpose: To demonstrate the effect of a 4% pulverized garlic supplemented diet on the 
nephrotoxicity induced by gentamicin in rats.
Materials and Methods: Twenty four healthy male Wistar rats, weighing between 220 
- 260grams, were divided into three groups. The rats were randomly assigned to either 
the gentamicin injection without garlic supplementation group (Group I, n = 8), genta-
micin injection with garlic supplementation group (Group II, n = 8), and control group 
(Group III, n = 8). Urine from the rats was collected and the volume (mL), microalbumin 
(mg/L), creatinine (mg/dL), Na (mmol/L), K (mmol/L), Cl (mmol/L), P (mg/dL), N-acetyl 
glucosamine (NAG) (U/L) and pH values were measured. Then urea (mg/dL), creatinine 
(mg/dL), total protein (g/dL) and cystatin (mg/L) values were measured for the blood 
samples obtained from tail veins.
Results: The median NAG value for the control group (52.050 U/L) was similar to value 
for Group II (56.400 U/L), which received gentamicin and the garlic diet. However, the 
median NAG value for Group I (77.030 U/L), which received gentamicin without garlic 
supplementation, was determined to be statistically significantly higher (p = 0.010) 
than the value for the control group. In addition, the mean cystatin value for Group 
II (1.360 U/L) was found to be statistically significantly lower than the value for the 
Group I (2.240 U/L) (p = 0.015).
Conclusions: In this study we showed the effect of 4% pulverized garlic supplemented 
diet for preventing nephrotoxicity induced by gentamicin in rats by using as parame-
ters NAG in urine samples and cystatin C in serum samples.
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INTRODUCTION

Aminoglycosides are a group of antibio-
tics that are frequently used for the treatment 
of severe gram-negative bacterial infections. 
However, the use of aminoglycosides, and espe-
cially gentamicin, are limited by their toxicity. 
Nephrotoxicity, otoxicity and neuromuscular 
blockage are their main side effects. Nephroto-
xicity is observed in approximately 10-20% of 

patients using gentamicin (1). Gentamicin ne-
phrotoxicity is characterized by tubular damage 
associated with tubular epithelial cell toxicity 
(1). It has been demonstrated in certain experi-
mental animal studies that free oxygen radicals 
play a role in nephrotoxicity, and that the use 
of antioxidants such as vitamin E and selenium 
decreases nephrotoxicity (2,3).

Numerous studies have been conducted 
regarding the antioxidant effects of garlic, and 

doi: 10.1590/S1677-5538.IBJU.2014.00.00

Vol. 40 (4): 562-567,  July . August, 2014

doi: 10.1590/S1677-5538.IBJU.2014.04.17



ibju | Garlic Supplemented diet attenuateS Gentamicin nephrotoxicity

563

its beneficial effects have been described for va-
rious diseases (4). It has been reported that the 
antioxidant effects of garlic are associated with 
its ability to remove reactive oxygen species, to 
enhance endogenous anti-oxidation systems, 
and to inhibit the formation of lipid peroxides 
and the oxidation of low density lipoproteins 
(LDLs) (4).

 It has been reported in recent studies 
that the antioxidant effects of garlic are deri-
ved from the active compounds S-Allylcysteine 
(SAC), S-Allylmercaptocysteine, Diallyl Disulfide 
and Diallyl Sulphide (5,6). Pedraza-Chaverri et 
al. have described that the renal damage caused 
by gentamicin could be reduced with a garlic 
diet (7). Maldonado et al. have fed aged garlic 
extracts to rats administered with gentamicin, 
and determined that these extracts’ antioxidant 
effects prevented the increase of carbonyl and 
nitrotyrosine levels in the renal cortex (8).

In this study, we aimed to demonstrate 
the effect of a 4% pulverized garlic supplemen-
ted diet on the nephrotoxicity induced by gen-
tamicin in rats.

MATERIALS AND METHODS

Our study was started following the ap-
proval of the Local Ethics Committee. Twenty 
four healthy and active male Wistar rats, wei-
ghing between 220 - 260grams, were used wi-
thin the context of this study.

Study Groups
Group I (n = 8): Experimental nephroto-

xicity was induced by administering intraperi-
toneal gentamicin once daily at 120mg/kg/day, 
according to the rats’ body weight, for 14 days. 
During this period, the rats were provided with a 
standard laboratory rodent diet.

Group II (n = 8): Experimental nephro-
toxicity was induced by administering intraperi-
toneal gentamicin once daily at 120mg/kg/day, 
according to the rats’ body weight, for 14 days. 
During this period, the rats were provided with 
a garlic supplemented diet, which was prepared 
by adding pulverized whole garlic cloves to the 
standard chow at a 4% proportion.

Group III (n = 8): Intraperitoneal injec-
tions of 0.9% NaCl were performed once daily to 
the rats in the control group for 14 days. The rats 
were then provided with a standard laboratory ro-
dent diet for the remainder of the day.

 All animals had free access to water and 
food. The consumption of total chow amount was 
noted for each group. The weight of each rat was 
controlled at the beginning and the end of the study.

 On the 15th day, all rats were kept insi-
de specially-designed metal containers. Owing to 
the special design of these metal containers, urine 
from the rats was collected in a reservoir located 
below. The volume (mL), microalbumin (mg/L), 
creatinine (mg/dL), Na (mmol/L), K (mmol/L), Cl 
(mmol/L), P (mg/dL), N-acetyl glucosamine (NAG) 
(U/L) and pH values were measured for the sam-
ples collected from this reservoir.

 Urea (mg/dL), creatinine (mg/dL), total 
protein (g/dL) and cystatin (mg/L) values were 
then measured for the blood samples obtained 
from tail veins.

Laboratory
Serum cystatin C (DAKO Cystatin C, Co-

penhagen, Denmark) and urine microalbumin 
(Roche, Basel, Switzerland)) concentrations were 
determined by latex particle enhanced immuno-
turbidimetry using an automated analyzer (Roche 
Integra 800, Basel, Switzerland). The serum and 
urine creatinine levels were detected by the kinetic 
Jaffé method. Blood urea values were measured 
by the kinetic method. Serum total protein and 
urinary phosphate levels were determined by the 
colorimetric method on Roche Integra 800. Urine, 
sodium, potassium and chloride were measured 
by indirect potentiometric method. NAG activity 
was determined by a commercially available kit 
(Diazyme Laboratories, San Diego, CA) using a 
Shimadzu UV 1601 spectrophotometer (Shimadzu 
Co, Kyoto, Japan). Urinary pH was measured by 
semi-quantitative paper strips (Macherey-Nagel, 
Duren, Germany).

Statistical analysis

“SPSS 11 for Windows” statistics software 
pack was used for statistical estimations. A non-   
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parametric Kruskal-Wallis test and Mann-Whitney 
U test were used for group comparisons. The data 
were identified as medians and interquartile ran-
ges (IR). A p-value lower than 0.05 was required 
for statistical significance.

RESULTS

No significant change was observed in the 
mean rat weights measured at the beginning and 
end of the study (p > 0.05). The consumption of 
total chow amount was almost the same for each 
group (3000 ± 150g) (p > 0.05).

Urine Samples: A comparison of Groups 
I and II with Group III (the control group) with 
respect to urine volume, microalbumin, creatinine, 
Na, K, Cl, P an pH levels revealed no statistically 
significant differences (p > 0.05) (Table-1).

The median NAG value for the control 
group (Group III) (52.050 U/L, IR: [49.250-59.250 
U/L]) was similar to value for Group II (56.400 
U/L, IR: [55.700-61.200 U/L]), which received gen-
tamicin and the garlic diet (p = 0.161). However, 
the median NAG value for Group I (77.030 U/L, IR: 

[65.750-87.130 U/L]), which received gentamicin 
and the normal diet, was found to be statistically 
significantly higher (p = 0.010) than the value for 
the control group (Group III) (Table-2).

Serum Samples: A comparison of Group 
I and II with Group III (the control group) with 
respect to urea, creatinine, total protein, and cys-
tatin levels revealed no statistically significant 
differences (p > 0.05) (Table-2).

However, the median cystatin value for 
Group II (1.360 U/L, IR: [0.900-1.630 U/L]), which 
received gentamicin and the garlic diet, was found 
to be statistically significantly lower than the val-
ue for Group I (2.240 U/L, IR: [1.760-2.510 U/L]), 
which received the normal diet (p = 0.015) (Ta-
ble-2) (Mean cystatin values for groups were cal-
culated as: 2.03 ± 0.64 U/L in Group I, 1.24 ± 0.47 
U/L in Group II, and 1.79 ± 0.74 U/L in Group III).

DISCUSSION

NAG is a high molecular weight enzyme, 
which, under normal circumstances, cannot cross 
into the glomerular filtrate. For this reason, the 

Table 1 - Urine sample results according to groups.

Groups

I II III

Median IR Median IR Median IR

Volume (mL) 1.150 1.075 – 1.288 1.400 1.225 – 1.475 1.300 1.050 – 1.475

Microalbumin (mg/L) 3.350 1.750 – 6.750 3.100 2.800 – 5.250 3.150 2.700 – 4.900

Creatinin (mg/dL) 51.600 30.350 – 52.500 39.600 39.000 – 40.100 39.000 38.000 – 39.600

Na (mmol/L) 27.000 24.000 – 35.000 26.500 26.000 – 27.000 26.000 25.000 – 27.500

K (mmol/L) 187.200 106.000 – 191.950 182.300 180.750 – 183.400 182.450 179.950 – 184.350

P (mg/dL) 143.000 82.000 – 146.150 92.400 90.800 – 94.950 92.000 90.500 – 95.800

Cl (mmol/L) 50.500 20.500 – 53.000 28.000 28.000 – 28.000 28.000 27.000 – 31.000

pH 7.000 6.000 – 7.000 7.000 7.000 – 7.000 7.000 5.500 – 7.000

NAG 77.030* 65.750 – 87.130 56.400 55.700 – 61.200 52.050* 49.250 – 59.250

IR = Interquartile Ranges
*  Statistically significant difference between Group I and Group III (p = 0.010)
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source of NAG in urine is the proximal tubule 
cells. As an indicator of necrosis, NAG excretion 
via urine increases in case of kidney diseases 
that affect the proximal tubule cells, or in case 
of nephrotoxic drug use (9). In our study, the ex-
cretion of NAG in Group I rats, in which we in-
duced nephrotoxicity and administered a normal 
diet, has increased in comparison to the control 
group (p = 0.010). In Group II rats, in which we 
induced nephrotoxicity and administered a garlic 
diet, the level of NAG excretion was, due to the 
antioxidant effects of garlic, found to be simi-
lar to the levels observed in the control group. It 
was shown that urinary NAG level is a sensitive 
parameter for the early assessment of subclinical 
nephrotoxicity (10). Why only NAG values diffe-
red in the groups can be explained by the fact 
that, in comparison with other parameters, in-
creased urinary NAG levels show nephrotoxicity 
in a still early phase.

The cystatin C protein is a member of the 
cysteine protease family that is produced at a 
constant rate by cells with nucleus. Due to its 
low molecular weight, cystatin C filters freely 
through the glomeruli, with its reabsorption and 
metabolism taking place mainly in the proximal 

tubule (11). For this reason, cystatin C can be 
used as an indicator during the evaluation of re-
nal function (12). In our study, we observed that 
the level of cystatin C in Group I rats (median: 
2.240 U/L, IR: [1.760-2.510 U/L]), in which we 
induced nephrotoxicity and administered a nor-
mal diet, was higher in comparison to the Group 
II rats (median: 1.360 U/L, IR: [0.900-1.630 U/L]), 
in which we induced nephrotoxicity and admin-
istered a garlic diet.

The advantages of aminoglycosides in-
clude their rapid and high antibacterial effect, 
low potential for the development of resistance, 
synergistic effect with beta-lactam antibiot-
ics, and low cost. However, their clinical use is 
limited by their side effects, and especially their 
high nephrotoxicity by reactive oxygen species 
and oxidative stress (1). Gentamicin nephrotox-
icity has been reproduced in various experimen-
tal animal models (mice, rat and rabbit) (13-15), 
and numerous agents (1,16,17) have been stud-
ied in order to investigate their ability to reduce 
this nephrotoxicity. As reported by Badreldin 
HA et al., medicinal plants extracts, compounds 
from aged garlic, withania somnifera, sesame 
oil (sesamum indicum, antioxidant vitamins C 

Table 2 - Blood sample results according to groups.

Groups

I II III

Mean ± 
SD

Median IR Mean ± 
SD

Median IR Mean ± 
SD

Median IR

Creatinin
(mg/dL)

0.34 ± 
0.06

0.350 0.350 – 0.450 0.31 ± 
0.0

0.320 0.270 – 0.370 0.31 ± 
0.03

0.350 0.310 – 0.365

Urea
(mg/dL)

66.25 ± 
40.81

50.000 44.500 – 70.000 46.25 ± 
5.28

44.000 42.000 – 51.000 43.75 
± 6.36

46.000 37.500 – 48.500

Total protein
(g/dL)

5.83 ± 
0.79

5.600 5.200 – 6.450 6.5 ± 
0.29

6.400 6.250 – 6.800 5.77 ± 
0.70

5.400 5.300 – 6.550

Cystatin
(mg/L)

2.03 ± 
0.64

2.240* 1.760 – 2.510 1.24 ± 
0.47

1.360* 0.900 – 1.630 1.79 ± 
0.74

2.240 0.900 – 2.340

SD = Standard Deviation
IR = Interquartile Ranges
* Statistically significant difference between Group I and Group II (p = 0.015).
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and E), nitric oxide, and dihydropyridine calcium 
channel blockers are some of the agents that have 
been studied (18).

The pharmacological activity of garlic 
stems from its high organosulfur content (19). 
It is known that garlic has a preventive effect 
against immune disorders, intestinal irregular-
ity, atherosclerosis, cancer, arthritis and respira-
tory infections, and that it also has hypolipidemic, 
hypoglycemic, antihypertensive and antithrom-
bolytic effects (20-22). The most important fac-
tor that contributes to garlic’s protective proper-
ties against disease is its anti-oxidant effect (4). 
Rietz et al. have demonstrated that feeding 2% 
of pulverized wild garlic for 8 weeks conferred 
a cardioprotective effect against ischemia and 
reperfusion (23). Malki et al. have reported that 
garlic triggered apoptosis in human breast can-
cer cells (24). Numagami et al. have demonstrated 
that S-allylcysteine, a compound of garlic, pre-
vented lipid peroxidation and neuronal damage 
in rat brain ischemia (25). Pedraza-Chaverri et al. 
have reported that feeding 2% garlic reduced the 
generation of renal H2O2 (26). In addition, Baner-
jee et al. have demonstrated that garlic confers a 
protective effect to kidney and liver cells against 
oxidative damage by increasing the levels of en-
dogenous antioxidant enzymes such as superox-
ide dismutase and catalase (21).

In an experimental study they have con-
ducted, Pedraza-Chaverri et al. have induced kid-
ney damage and oxidative stress in rats by ad-
ministering gentamicin. It was demonstrated that, 
between the group provided with a garlic diet and 
the control group, there were no significant dif-
ferences in the plasma glutathione peroxidase en-
zyme activities, as well as the kidney superoxide 
dismutase, glutathione peroxidase and kidney cat-
alase enzyme activities (7). In another study, Mal-
donado et al. have investigated the antioxidant 
effects of garlic in experimental animal models 
by inducing nephrotoxicity with gentamicin. They 
reported that aged garlic extracts prevented an in-
crease in carbonyl and nitrotyrosine levels in the 
renal cortex, and that the extracts also precluded 
a decrease in the activity of antioxidant enzymes 
(manganese-containing superoxide dismutase, 
glutathione peroxidase, glutathione reductase) (6).

To the best of our knowledge, this study 
is the first to use cystatin C in addition to NAG 
for demonstrating gentamicin-related nephro-
toxicity. This study might serve as a guide for 
determining and, if necessary, for taking early 
measures against nephrotoxicity that might de-
velop in humans at normal usage doses. For this 
reason, it is necessary to further confirm the 
findings of this study within the context of hu-
man clinical studies.

Limitations of our study are the small sam-
ple size and the fact that no more control groups 
were included. No gentamicine and garlic diet group 
might have rendered the study more powerful.

CONCLUSIONS

Using parameters NAG in urine samples 
and cystatin C in serum samples we showed the 
effect of 4 % garlic supplemented diet for pre-
venting nephrotoxicity induced by gentamicin in 
rats. Following the completion of future clinical 
studies, we believe that, in order to prevent ne-
phrotoxicity, garlic extracts can be provided to 
gentamicin-receiving patients.
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A novel endoscopic treatment for renal arteriopelvic fistula 
post-percutaneous nephrolithotomy (PCNL)
_______________________________________________
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Main findings: We describe the use of a novel endoscopic approach in the manage-
ment of unremitting gross hematuria following post-percutaneous nephrolithotomy 
(PCNL) in a 65-years-old male. This approach proved successful and cost-effective 
in managing haemorrhage post-PCNL when renal angiography failed to localize the 
source of bleeding.
Case hypothesis: The recommended treatment modality for renal calculi ≥ 2cm is PCNL. 
It is essential that clinicians are aware of the various complications that can arise from 
PCNL, including arteriovenous fistula, which is typically managed with renal angio-
-embolization. The development of a renal arteriopelvic fistula (APF) is an extremely 
rare complication, and accounts of haemorrhage from renal APF and its treatment 
have not been well-described in the literature. We successfully hypothesized that the 
ureteroscopic localization, fulguration, and closure with a fibrin sealant at the site of 
the arterial bleed results in optimal treatment for this clinical presentation. We report 
this case in detail.
Promising Future Implications: The successful and cost-effective endoscopic ap-
proach described here for treatment of post-PCNL renal APF and unremitting gross 
hematuria ought to be considered as an adjunct to renal angiography and emboli-
zation when the source of bleeding cannot be accurately identified using traditio-
nal imaging modalities.
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INTRODUCTION

Percutaneous nephrolithotomy (PCNL) is 
the recommended treatment modality for renal 
calculi ≥ 2cm. In past practice, large renal calcu-
li required open renal surgery (1). Extracorporeal 
shockwave lithotripsy (ESWL) for large stone bur-
den is not recommended. Retrograde ureteroscopy 
for large stone burden has a much lower stone-
-free rate compared to PCNL. Since the advent of 
endoscopic techniques, the removal of these lar-
ger renal calculi has been possible with PCNL, and 

it seems to offer similar success rates and fewer 
complication rates when compared to open pro-
cedures. Compared to open renal surgery, PCNL is 
associated with shorter hospital stays and allows 
the patient an earlier return to work and activities 
of daily living (2). Furthermore, as PCNL is both 
less invasive and less expensive to perform than 
open procedures, it has become the treatment me-
thod of choice for large renal calculi.

 With the now widespread use of PCNL, it is 
essential that clinicians are aware of complications 
that may arise from its implementation. Larger 
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stones (e.g. 4-6cm) increase the risk of procedural 
complications including prolonged operative ti-
mes and hospital stays, increased risk of infection, 
and significant blood loss potentially requiring 
blood transfusions (3). Regardless of stone size, 
major complications of PCNL include retroperito-
neal haemorrhage, sepsis, urinoma, arteriovenous 
fistula (AVF), pseudoaneurysms, injury to adjacent 
organs and failure to obtain access. Formation of 
AVFs following PCNL manifesting as gross he-
maturia is well described in the literature; these 
fistulas are typically successfully managed with 
renal angio-embolization (4). However, formation 
of a renal arteriopelvic fistula (APF) is rare. This 
report outlines an experience with a case of renal 
APF that caused gross unremitting hematuria in a 
65-years-old man post-PCNL. We describe a novel 
endoscopic approach involving ureteroscopic ful-
guration and ureteroscopic placement of topical 
fibrin sealant. To our knowledge, renal APFs have 
not been well described in the literature and this 
approach has not been previously reported for the 
treatment of post-PCNL haemorrhage. Previously 
described as a novel approach for the management 
of ureteric remnant haemorrhage following lapa-
roscopic radical nephrectomy, this treatment me-
thod has significant implications for clinical prac-
tice (5). This approach offers a minimally morbid, 
cost-effective technique for locating and treating 
the source of bleeding when angio-embolization 
is unsuccessful.

CASE HYPOTHESIS AND RATIONALE

 A 65-years-old man was treated with 
PCNL for a left renal (≥ 2cm) calculus (Figures 
1A, 1B, and 1C) by a community urologist.  His 
medical history was significant for colon cancer, 
type 2 diabetes mellitus, coronary artery disease, 
and nephrolithiasis. Two weeks following PCNL, 
the patient reported an episode of gross hematu-
ria lasting 48 hours that resolved spontaneously. 
Three weeks later, the patient presented to a com-
munity hospital with new onset gross hematuria 
and passage of clots. He had associated left flank 
pain, consistent with clot colic. A three-way ca-
theter was inserted and continuous bladder irriga-
tion was initiated. Blood work revealed a normal 

Figures 1A, 1B, and 1C - Left renal (≥ 2cm) calculus.

A

B
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coagulation profile and a haemoglobin level of 
10.5g/L. An unenhanced computed tomography 
(CT) scan of the abdomen and pelvis revealed the 
absence of the large left renal calculus but showed 
a mild left-sided hydronephrosis with evidence of 
haemorrhage in the left renal pelvis, left ureter, 
and bladder. The patient was then transferred to 
our care at a tertiary academic institution for a 
renal angiogram and potential embolization.

 A renal angiogram was performed but the-
re was no evidence of contrast extravasation. There 
was also no evidence of a pseudoaneurysm or AVF 
(Figures 2A and 2B). As a result, no embolization 

Figures 2A and 2B - No evidence of a pseudoaneurysm or AVF. Figures 3A and 3B - Parenchymal changes and blood/clot in the 
left kidney and collecting system, consistent with postoperative 
changes following PCNL.

B

A

was performed. The following day, the patient’s 
urine was clear but his haemoglobin had declined 
from 10.5g/L at presentation to 7.9g/L within ap-
proximately 36 hours.

 The patient was kept in hospital for obser-
vation and his hematuria resumed at which point 
a CT angiogram was obtained. The CT angiogram 
demonstrated parenchymal changes and blood/
clot in the left kidney and collecting system, con-
sistent with postoperative changes following PCNL 
(Figures 3A and 3B). The scan was again unable to 
detect any evidence of an AVF. The patient’s hae-
moglobin decreased to 7.0g/L and as a result two 

A

B
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units of blood were transfused. Given the ongoing 
bleeding and decline in haemoglobin, the patient 
was taken to the operating room for definitive 
evaluation and management.

 Rigid cystoscopy demonstrated active blee-
ding from the left ureteric orifice. A retrograde pye-
logram was performed which demonstrated filling 
defects compatible with blood clot. A 5 French an-
giographic catheter was advanced to the kidney and 
a formal pyelogram was performed, revealing that 
the renal pelvis was packed with clot. After intro-
duction of a flexible ureteroscope into the kidney, 
the hand irrigator (BD Cornwall Syringe System, 
Mississauga, Ontario, Canada) was used to remove 
copious amounts of clot. Following complete clot 
evacuation, an arterial bleed was identified in a lo-
wer pole calyx at the site where the original per-
cutaneous access was obtained (Figure-4). The ves-
sel was fulgurated using a Storz-Bugbee electrode 
through the flexible ureteroscope. A guidewire was 
placed into the lower pole calyx and an angiogra-
phic catheter was positioned (Figure-4). Following 
this, 5mL of the fibrin sealant Tisseel R (Baxter In-
ternational, Deerfield, IL, USA) was injected via the 
angiographic catheter to cover the area of fulgu-
ration as well as the percutaneous tract. Care was 
taken to ensure that the Tisseel R was confined to 
the lower pole calyx. The flexible uteroscopy was 
utilized to confirm placement of the Tisseel. The 
ureteric orifice was subsequently observed for 5 

min. at the end of the procedure to ensure adequate 
hemostasis. The patient was transferred to the ward 
in stable condition and his hematuria completely re-
solved. He was discharged home the following day.

DISCUSSION AND FUTURE PERSPECTIVES

 Despite continuous advances in PCNL, 
bleeding remains an important cause of patient 
morbidity and requires blood transfusions and 
renal angio-embolization in a subset of patients. 
Depending on the stone burden, patient popula-
tion and comorbidities, post-PCNL transfusion 
ranges from 8 to 37% (6). In one series of 582 pa-
tients undergoing PCNL, 12% had bleeding post-
-operatively which required a blood transfusion 
(7). In another study with 1338 patients, the rate 
of post-operative bleeding which required embo-
lization was 0.8% (8). The rate of post-PCNL ble-
eding requiring renal angio-embolization throu-
ghout the last 20 years has remained consistent 
between 0.8 to 1.3% (4). One study reported severe 
arterial bleeding requiring selective angio-embo-
lization in less than 1.4% of patients (9). This rate 
is similar to a recent study of 547 adult patients 
undergoing PCNL in which 21 patients required 
a blood transfusion (10). Seven patients required 
renal angiography and five (0.9%) required selec-
tive arterial embolization. However, none of these 
patients presented with hematuria secondary to a 

Figure 4 - Arterial bleed was identified in a lower pole calyx at the site where the original percutaneous access was obtained.
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renal APF, highlighting the unique nature of the 
case presented here.

 Renal angiography and embolization is 
required for both the diagnosis and treatment 
of arterial haemorrhages, pseudoaneurysms, and 
AVFs (6). The bleeding location following PCNL 
has typically been detected with renal angiogra-
phy. Interestingly, Ueda et al. described two pa-
tients with renal haemorrhage in which the site of 
bleeding could not be detected angiographically 
(11). Although the two patients underwent per-
cutaneous nephrostomy insertion as opposed to 
PCNL, the cases are comparable to the present case 
in that renal haemorrhage developed following a 
percutaneous intervention and renal angiography 
was unable to detect the site of haemorrhage. In 
the cases described by Ueda et al., repeated em-
bolization and irrigations with saline through the 
nephrostomy catheter following embolization was 
necessary to stop the bleeding.

 The fulguration and fibrin instillation te-
chnique for hemostasis described in the current 
report has been described as a successful option 
for managing renal haemorrhage. Michael et al. 
first described this technique in the management 
of renal haemorrhage from the ureteric remnant 
following laparoscopic radical nephrectomy in a 
61-years-old man (5). Following laparoscopic ne-
phrectomy, bleeding from the ureteric remnant is 
rare and in the few cases available in the literatu-
re, hemostasis is typically obtained through lapa-
roscopic exploration.  Similar to the present case, 
Michael et al. demonstrated successful endoscopic 
management through ureteroscopic fulguration 
and instillation of Tisseel.

 To our knowledge, accounts of haemorrha-
ge from renal APFs have not been well described in 
the literature. Renal haemorrhage from AVFs and 
pseudoaneurysms has been described (6). All pre-
viously published accounts have been managed by 
renal angiography and subsequent embolization. 
This report describes the use of a novel endoscopic 
approach to the management of unremitting gross 
hematuria following PCNL. To our knowledge, this 
minimally invasive approach has been described in 
only one case (5). This approach proved successful 
and cost-effective in managing haemorrhage post-
-PCNL when renal angiography failed to localize 

the source of bleeding. While no intra-operative or 
post-operative difficulties were observed during this 
case, possible complications specific to the approach 
described here include failure to identify or control 
the source of bleeding, ureteropelvic perforation, 
electrocautery injury to adjacent structures, and in-
fection. As such, post-operative clinical assessments 
including blood work and imaging to confirm he-
mostasis should be performed if suspicion exists.

 In summary, haemorrhage from renal APFs 
may occur post-PCNL and it should be considered 
in the differential diagnosis for patients presenting 
with unremitting gross hematuria following PCNL. 
Ureteroscopic localization, fulguration, and closu-
re with a fibrin sealant can be easily attempted at 
the time of diagnosis. The authors propose that this 
endoscopic approach be considered as an adjunct 
to renal angiography and embolization when the 
source of bleeding cannot be accurately identified 
using state of the art imaging modalities.
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Incidental detection of retroperitoneal lymphangio-
leiomyomatosis (LAM) - CT and MRI findings with re-
levance to the urologist
_______________________________________________
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_______________________________________________________________________________________

A 48 year old lady presented with blunt 
abdominal trauma following a road traffic acci-
dent. She had no hematuria or other injuries. Vi-
tals were normal. Examination was significant for 
left loin tenderness. Ultrasound was suspicious for 
retroperitoneal fluid. Computed tomography reve-
aled normal abdominal viscera but multiple diffu-
se low attenuating cystic retroperitoneal masses 
showing peripheral enhancement (Figure-1). Lung 
segments showed multiple thin walled parenchy-
mal cysts bilaterally (Figure-2, arrows). T2-wei-
ghted MRI revealed conglomerated cystic masses 
in the paraaortic and parailliac regions (Figure-3, 
arrows) suggesting multiple lymphangiomyomas. 
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Figure 1 - Multiple diffuse low attenuating cystic masses 
with peripheral enhancement.

Figure 2 - Lung segments with multiple thin walled 
parenchymal cysts.

A diagnosis of lymphangioleiomyomatosis 
(LAM) was made. She was managed conservati-
vely and was well at 6 months.

 Lymphangioleiomyomatosis is a rare 
hamartomatous lesion affecting women of re-
productive age who manifest with respiratory 
symptoms secondary to multiple pulmonary 
cysts (1). Abdominal manifestations include 
angiomyolipomas (20-54%), lymphangioleio-
myoma (20%) and lymphadenopathy (40%) (1). 
The disease is slowly progressive and results in 
respiratory failure and death in 31-62% cases 
at 8-10 years (1). The importance of this entity 
to the urologist is its association with angio-
myolipoma and tuberous sclerosis. Though cli-
nical pulmonary manifestations are rare (2-3%) 
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Figure 3 - t2-weighted MRI with conglomerated cystic 
masses in the paraaortic and parailliac regions.

in tuberous sclerosis, morphological changes 
similar to LAM are seen in a much larger per-
centage (2).
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ABSTRACT         _______________________________________________________________________________________

Introduction: Fibrotic scar formation is a main cause of recurrent urethral stricture after initial management with direct vi-
sion internal urethrotomy (DVIU). In the present study, we devised a new technique of combined the transurethral resection 
of fibrotic scar tissue and temporary urethral stenting, using a thermo-expandable urethral stent (MemokathTM 044TW) in 
patients with anterior urethral stricture.
Materials and Methods: As a first step, multiple incisions were made around stricture site with cold-cutting knife and Collins 
knife electrode to release a stricture band. Fibrotic tissue was then resected with a 13Fr pediatric resectoscope before deploy-
ment of a MemokathTM 044TW stent (40 – 60mm) on a pre-mounted sheath using 0° cystoscopy. Stents were removed within 
12 months after initial placement.
Results: We performed this technique on 11 consecutive patients with initial (n = 4) and recurrent (n = 7) anterior urethral 
stricture (April 2009 – February 2013). At 18.9 months of mean follow-up (12-34 months), mean Qmax (7.8±3.9ml/sec vs 16.8 
± 4.8ml/sec, p < 0.001), IPSS (20.7 vs 12.5, p = 0.001 ), and QoL score (4.7 vs 2.2, p < 0.001) were significantly improved. 
There were no significant procedure-related complications except two cases of tissue ingrowth at the edge of stent, which 
were amenable by transurethral resection. In 7 patients, an average 1.4 times (1-5 times) of palliative urethral dilatation was 
carried out and no patients underwent open surgical urethroplasty during the follow-up period.
Conclusion: Combined transurethral resection and temporary urethral stenting is a effective therapeutic option for anterior ure-
thral stricture. Further investigations to determine the long-term effects, and safety profile of this new technique are warranted.
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The video by Yoon et al. demonstrates 
transurethral resection of an anterior urethral 
stricture combined with long term urethral stent 
placement. The small caliber of modern pediatric 
equipment facilitates transurethral resection of 
stricture tissue. In 2013 Jang and associates pre-
sented a series of patients treated with transure-
thral resection. In their series a Foley catheter was 
left in place for one week (1).

In both series a significant number of pa-
tients required postoperative dilations. In this most 
recent study 64% (7/11) required post stent dila-

tions, presumably for return of obstructive symp-
toms. 36% (4/11) required multiple dilations. Two 
patients required repeat transurethral resection for 
recurrent stricture despite an indwelling stent.

For patients with short strictures, excision 
with primary anastomosis remains the gold stan-
dard against which other techniques should be 
compared (2). It has proven to be a highly success-
ful surgery and its results durable over time (3).

Additional patients and longer term data 
may help identify a subset of patients who can 
be treated effectively with transurethral excision. 
A randomized study may help to determine the 
exact benefits of longer-term temporary stenting.
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Pediatric Urology
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Orlando, FL, USA

E-mail: hswana@nemours.org
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ABSTRACT         _______________________________________________________________________________________

Introduction: A duplicated renal collecting system is a relatively common congenital anomaly rarely presenting in adults.
Aim: In this video we demonstrate our step-by-step technique of Robotic heminephrectomy in a patient with non-functioning 
upper pole moiety.
Materials and Methods: Following cystoscopy and ureteral catheter insertion the patient was placed in 600 modified flank 
position with the ipsilateral arm positioned at the side of the patient. A straight-line, three arm robotic port configuration 
was employed. The robot was docked at a 90-degree angle, perpendicular to the patient. Following mobilization the colon 
and identifying both ureters of the duplicated system, the ureters were followed cephalically toward, hilar vessels where the 
hilar anatomy was identified. The nonfunctioning pole vasculature was ligated using hem-o-lok clips. The ureter was sharply 
divided and the proximal ureteral stump was passed posterior the renal hilum. Ureteral stump was used as for retraction and 
heminephrectomy is completed along the line demarcating the upper and lower pole moieties. Renorrhaphy was performed 
using 0-Vicryl suture with a CT-1 needle. The nonfunctioning pole ureter was then dissected caudally toward the bladder 
hiatus, ligated using clips, and transected.
Results: The operating time was 240 minutes and blood loss was 100 cc. There was no complication post-operatively.
Conclusions: Wrist articulation and degree of freedom offered by robotic platform facilitates successful performance of mini-
mally invasive heminephrectomy in the setting of an atrophic and symptomatic renal segment.
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In this video by Zargar and colleagues from 
the Cleveland Clinic, the use of minimally invasive 
robotic surgery to perform an upper pole hemine-
phrectomy for a non-functional renal segment is 
very nicely depicted. Clearly, the adoption of ro-
botic minimally invasive surgery to the realm of 
renal sparing surgery is becoming common place 
at most academic and community centers interna-
tionally. The present video highlights that that this 
be accomplished in both the benign pathology and 
oncological setting to address an underlying clini-
cal manifestation requiring surgical resection. Sim-
ilarly, the authors of the present video have nicely 

depicted the surgical steps such as vascular control 
and renal parenchymal apposition techniques that 
can be employed in a number of surgical procedures 
and modalities. The impetus lies on us as a surgi-
cal community to only advocate such minimally 
invasive or other innovative surgical approaches 
only if they can consistently replicate the surgi-
cal outcomes of open surgery hence the gauntlet 
is passed to all of us to consider reproducing the 
present outcomes in a study setting before it can 
be recommended within our field. Like all facets of 
medicine and surgery, an evidence based approach 
is the standard to which we must strictly adhere to 
nevertheless, we need to continually strive to opti-
mize our therapeutic outcomes.

Philippe E. Spiess, MD
Associate Member, Department of Genitourinary Oncology

Moffitt Cancer Center
Tampa, FL, USA

Video Section Editor,
International Brazilian Journal of Urology
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The authors should observe the following checklist before submitting a manuscript 
to the International Braz J Urol

� The sequence of manuscript arrangement is according to the Information for Authors.

� The Article is restricted to about 2,500 words and 6 authors.

� Abbreviations were avoided and are defi ned when fi rst used and are consistent throughout the text.

� Generic names are used for all drugs. Trade names are avoided.

� Normal laboratory values are provided in parenthesis when fi rst used.

� The references were presented according to the examples provided in the Information for Authors. The references were 
numbered consecutively, following the sequence that they are mentioned in the text. They were identifi ed in the text using 
Arabic numeral in parenthesis. The names of all authors were provided. When exist more than six authors, list the fi rst 
sixauthors followed by et al. The initial and the fi nal pages of the reference should be provided. The number of references 
must be accordingly to the informed in the Instructions for Authors, depending on the type of manuscript.

� The staining technique and the fi nal magnifi cation were provided for all histological illustrations. The histological illustra-
tions are supplied in color.

� Legends were provided for all illustrations, tables, and charts. All tables and charts were in separate pages and referred to 
in the text. All illustrations and tables are cited in the text.

� An Abstract was provided for all type of articles. The length of the Abstract is about 250 words.

� A corresponding author with complete address, telephone, Fax, and E-mail are provided.

� A submission letter and a disclosure form, signed by all authors, are included.

� The authors should included written permission from publishers to reproduce or adapt a previously published illustrations 
or tables.

� Confl ict of Interest – Any confl ict of interest, mainly fi nancial agreement with companies whose products are alluded to in 
the paper, is clearly disclosed in the manuscript.

� Check that each fi gure is cited in the text. The illustrations are not merged in the text.

� The photographs are supplied as TIFF or JPG fi les and saved at a resolution of 300 dpi (dots per inch) at fi nal size.

� The photographs should be scanned at 300 dpi, with 125mm width, saved as TIFF fi le and in grayscale, not embed in Word 
or PowerPoint.

� A list of abbreviations is provided.


	capa_ed_4_14__IPAD
	IBJU_Ed4_2014

