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COMMENT doi: 10.1590/S1677-5538.1BJU.2013.01.01

Best Videos of the Year 2012: Awards Recognizing Contributions to our Field

I would like to firstly thank the current editor-in-chief of the International Bra-
zilian Journal of Urology Dr. Sidney Glina for his strong support of the video section and
enthusiasm in the selection of the best videos of the year. I would like to thank as well Dr.
Francisco Sampaio who was truly instrumental in the development of the video section sev-
eral years ago when he served as the editor-in-chief of the International Brazilian Journal
of Urology. As editor of the video section, I have truly been impressed by the exponential
growth of the number of high quality video submissions sent to us for review over the past
year. Genitourinary surgeons from Brazil, other Latin American countries, and across the
world have continually raised the bar of what can be surgically approached using minimally
invasive and other novel techniques which is truly revolutionizing our surgical field. These
awards for best videos of 2012 are a recognition of these efforts and contributions.

The means by which the best videos of 2012 were selected is as follows. All videos
for these awards must have been selected for publication in the International Brazilian
Journal of Urology during 2012 (between January 1st, 2012 and December 31st, 2012). All
of the editorial consultant board members of the video section of the International Bra-
zilian Journal of Urology were then asked to select which they felt deserved the 1st, 2nd,
and 3rd prizes for best videos of the year which was conducted using an electronic survey.
Videos were judged based on: 1) the originality of their surgical approach, 2) scientific con-
tribution in moving our specialty forward, and 3) overall quality of the surgical video. To
avoid any biases in the review of these videos, editorial consultants were asked not to select
videos they had themselves contributed to and that were being considered for videos of the
year. This being said, it gives me great pride to announce the best videos of the year with a
synopsis of the highlights of these videos and of their contributing author(s).

First Prize

The first prize was awarded to the video “Single port transvesical prostatectomy”
by the group of Vicentini et al. (1) from the urology department at the University of Sao
Paulo, Brazil. The authors would like to highlight that Dr. Hisano is going to present their
experience at the European Congress of Urology in Milan this upcoming year. This paper
is as well being prepared for submission as a comprehensive manuscript in the months to
come. Dr. Hisano, Chief of the Laparoscopic Section of the Urology Department, has worked
together with Dr. Vicentini since their first extra-peritoneoscopic surgery, and their surgical
series is a tribute to hard team work in which a surgical approach/technique was developed
through mutual efforts.

The authors would like to thank Dr. Agresta, Dr. Murta, and Professor Claro for all
their help in developing this surgical approach, in addition to all colleagues, residents, and
center directors at their institution, who imparted working conditions and support to enable
the present work.
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In this surgical video, Vicentini and colleagues demonstrate their first case of
single port transvesical prostatectomy. They embarked on developing the present surgical
approach after a previous experience with extraperitoneoscopic transvesical prostatectomy,
which they quickly realized had several pitfalls, as the extended time for the creation of
an extraperitoneal space and in performing and closing the bladder cystostomy. The use of
the present single port device resulted in relatively short surgical times, with a direct ac-
cess to the bladder, using the same laparoscopic instrumentation, while imparting the same
benefits of an extraperitoneoscopic surgical procedure, including maintaining minimal
intra-operative blood losses. Their cumulative experience with this technique is excellent
providing impetus for the authors to refine this technique for larger sized prostates. Despite
this procedure representing a relatively simple surgical approach, it requires nevertheless
experience with laparoscopic minimally invasive surgical techniques although remaining
quite feasible.

Second Prize

The second prize was awarded to the video “Video-assisted left inguinal lymphad-
enectomy for penile cancer” by the group of Britto et al. (2) from the Federal University of
Rio Grande do Norte (UFRN), Brazil. Dr Cesar Araujo Britto graduated from medical school
at the UFRN in 1999 followed by completion of his general surgical and urological train-
ing at the UNIFESP-Paulista school of medicine. He has thereafter served as a professor of
urology at the UFRN since 2009. In the present video, Dr. Britto and colleagues demonstrate
the anatomy of the inguinal region as seen laparoendoscopically. This constitutes the first
such surgical procedure performed within their urological department and their reasons for
publishing this work is that no such surgical video can be found on the internet. Similarly,
the authors realize the importance of watching surgical videos particularly when tackling
such novel procedures. Although surgical descriptions and illustrations (diagrams and pho-
tos) can provide the initial tools to adopt new approaches, narrated surgical videos have far
greater purpose to our readership which predominantly consists of urological surgeons.

Third Prize

The third prize was awarded to the video “Retroperitoneal lymph node dissection
with concomitant IVC thrombectomy, caval wall resection, and grafting for metastatic NS-
GCT” by my group at the Moffitt Cancer Center and the University of South Florida (3). The
first point to highlight is that as the editor of the video section, I abstained from selecting
any videos I was affiliated with in the consideration for published videos of the year. That
being said, our video depicts the very unusual case of teratoma in the context of testis
cancer which is locally invasive into major vascular structures. In addition, in this specific
case, the patient had developed an IVC tumor thrombus following vascular invasion by the
teratomatous containing tumor. This clearly is a highly complex surgical clinical presenta-
tion requiring the concerted participation of a highly skilled and dedicated team of urolo-
gists, vascular surgeons, and anesthestists. The principles of proximal and distal vascular
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control are well depicted in this video as well brings about the often asked question as to
when should a vascular graft be employed versus simple ligation of the infrarenal IVC?
There is no simple answer to this question however in younger patients where collateral ve-
nous drainage is suspected to not have been well established due to the acute nature of the
vascular occlusion, vascular grafting maybe a more suitable option. Clinical questions that
remain unanswered are how long to these venous grafts typically stay patent and should
such patients be initiated on full anticoagulation therapy (and for how long)? Hopefully,
such clinical questions will be answered in the years to come which I suspect will originate
from scientific contributions in the vascular surgical literature.

My colleagues and I practice at the Moffitt Cancer Center (an NCI designated can-
cer center) and Tampa General Hospital in Florida. I (myself) am a trained urologic oncolo-
gist (having completed an SUO accredited fellowship at the MD Anderson Cancer Center
in Houston, Texas) with a busy academic and surgical practice focused on kidney, penile,
bladder, and testis cancer. I have placed great emphasis on employing minimally invasive
surgical techniques including robotics in my surgical management of genitourinary malig-
nancies. [ take great satisfaction in tackling complex surgical cases including high level IVC
tumor thrombi and other major vascular and urinary reconstructions within the realm of my
surgical practice.

I hope you will find this new concept of best videos of the year beneficial and I
look forward to your contributions in the months to come. Lastly, I would like to take this
opportunity to wish you and your families a very happy and healthy 2013!
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Noninvasive Methods to Evaluate Bladder Obstruction
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ABSTRACT

Lower urinary tract symptoms (LUTS) caused by benign prostatic hyperplasia (BPH)
commonly affect older men. Fifty percent of men in their sixties and 80% of men in
their nineties will be affected. Many of these men will seek care for their bothersome
symptoms and decreased quality of life. There is a poor association between LUTS and
objective measures such as post void residual, voided volumes, or maximal flow. Pressu-
re flow studies are considered the gold standard for detecting bladder outlet obstruction.

ARTICLE INFO

Key words:

Prostatic Hyperplasia; Urinary
Bladder Neck QObstruction;
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These studies tend to be cumbersome, expensive, and have exposure to ionizing radia-

tion. There are several techniques which may offer noninvasive methods of detecting

bladder outlet obstruction (BOO) in men.

INTRODUCTION

Several etiologies, including bladder ou-
tlet obstruction (BOO), poor contractility, and
detrusor overactivity may contribute to lower
urinary tract symptoms (LUTS) in men. Men with
urodynamic BOO tend to have improved outco-
mes following transurethral prostate surgery
compared to men with only LUTS and no BOO
(1,2). Therefore diagnosing BOO is important in
certain populations where intervention is being
considered. Pressure-flow studies, also known as
urodynamic studies, remain the gold standard for
diagnosing BOO (3,4). It is the only study that
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provides reliable and reproducible evidence of
B0OO. Urodynamic studies will typically demons-
trate the etiology of male LUTS, which common-
ly includes obstruction and/or detrusor overac-
tivity. One clear disadvantage of urodynamics is
their invasiveness. Both bladder and rectal ca-
theterization are required (5). Noninvasive tech-
niques for diagnosing BOO have been developed,
including Doppler resistive index, Doppler ultra-
sound urodynamics, and bladder wall thickness.
This paper will discuss these noninvasive metho-
ds, and their advantages and disadvantages.



Symptoms

Several large multicenter, international
studies have demonstrated the poor correlation
between patient reported LUTS and BOO on uro-
dynamics. The International Continence Socie-
ty conducted a BPH study evaluating 1271 men
(6). When the pressure-flow studies of 933 men
were compared to their answers on the ICS male
questionnaire, there were no correlations noted
on either the storage or voiding symptoms (7).
Reynard and Abrams were able to demonstrate a
weak correlation between symptoms of hesitancy
and decreased flow with BOO on urodynamics (p
= 0.04 and p = 0.002, respectively) (8,9). When
other symptoms such as intermittency, terminal
dribbling, and straining were analyzed, no asso-
ciation to BOO was observed in the same cohort
of patients (10,11). The severity of symptoms as
determined by validated self-administered ques-
tionnaires, such as the International Prostate
Symptom Score (IPSS) or the American Urological
Association symptom index (AUA-SI), is poorly
related to BOO (12,13). Poor scores on these ques-
tionnaires do not act as a surrogate to diagnose
BOO. Patient reported symptoms should guide ma-
nagement to some extent, however because BOO
cannot be determined with questionnaires alone,
surgical decision making should incorporate some
assessment of BOO.

Prostate Specific Antigen (PSA)

The relationship between BOO and PSA
has been studied (14). Over 300 men were stratified
using logistic regression analysis to divide them
into groups of varying ranges of PSA. Men with
PSA between 4-6 ng/mL had a 65% likelihood of
B0OO. Men with PSA between 6-10 ng/mL had an
81% increased likelihood of BOO. PSA < 4ng/mL
was not a reliable predictor of BOO. Using PSA as
a predictor of BOO is not entirely reliable as it may
also be elevated by prostate cancer. Men with an
elevated PSA would need to also be evaluated for
the presence of prostate cancer.

Post-void Residual (PVR)

One useful adjunct to the evaluation of
BOO is measuring a post-void residual (PVR). Pa-
tients with BOO do often have increased PVRs

however detrusor under-contractility may also be
an underlying etiology (15,16). Additionally, one
third of men with BOO will not have a significant
PVR. However, in patients with BOO on urodyna-
mics, PVR does decrease following surgical mana-
gement (2).

The interaction of detrusor contractility,
PVR and BOO was recently investigated in 131
patients (17). This showed that there was a weak
correlation between PVR and BOO, and PVR alone
could not predict BOO. This demonstrates that PVR
depends on BOO and detrusor contractility, and
conversely PVR cannot predict BOO alone. Briefly,
PVR alone cannot be used to diagnose BOO with
good sensitivity but is useful in conjunction with
other parameters.

Prostate size

Clinical and imaging modalities, inclu-
ding DRE, trans-rectal ultrasound (TRUS), CT, and
MRI, are all utilized to assess prostate size. TRUS
tends to be the most frequently used due to its
availability and good size estimation [23]. DRE
is a poor assessor of prostate size, making TRUS
even more useful (18). Studies have investigated
BOO and prostate volume. There was a statistically
significant correlation between BOO and prostate
size (r = 0.32, p = 0.001) in a retrospective study
of 521 men (19). Only men with prostate volumes
> 40 mL had a 70% chance of being diagnosed
with BOO, though the sensitivity and specificity
of prostate volume as a predictor was quite low
(49% and 32%, respectively (19)). Prostate volume
as a predictor of BOO in men with glands < 40
mL is not helpful. Other studies have also determi-
ned statistically significant correlations between
BOO and prostate volume, though volumes have
not been able to reliably predict BOO (20). Other
parameters such as the ratio of prostate volume to
transition zone (TZ) volume have also been asses-
sed though they poorly correlate to BOO or symp-
toms, and are thus not used clinically (21).

Intraprostatic Protrusion

Intra-prostatic protrusion (IPP) may be
measured when the prostrate grows into the bla-
dder. IPP may be measured in the sagittal midli-
ne using trans-abdominal ultrasound. Measure-



ments are taken from the bladder base in mm
and are graded 1,2 or 3. IPP grades are < 5mm,
5-10mm, or > 10mm respectively (22). Bladder
volume at the time of measurement may sig-
nificantly impact the measurement of IPP, thus
studies have shown that a bladder volume of
100-200 mL is ideal (23). As the grade of IPP
increases, so too will the severity of BOO. Gra-
de 3 IPP can diagnose BOO with 769% sensitivity
and 92% specificity. Sensitivity and specificity
for diagnosing BOO with Grade 2 IPP drops to
17% and 53%, and 7% and 56% for grade 1 (22).
There remain several problems with measuring
IPP, including inaccuracy and inconsistency in
ultrasound measurement. Differ bladder volumes
will also affect the accuracy of IPP measurement,
limiting its’ utility in many patients.

Bladder Wall Thickness and Bladder Weight

One consequence of BOO is detrusor
hypertrophy (24). When the bladder wall muscle
becomes thicker as a result of prostatic obstruc-
tion and compensation, the bladder wall thick-
ness (BWT) becomes a non-invasive parameter to
assess BOO (25,26). BWT may result from smooth
muscle hypertrophy secondary to BOO, as well as
collagen and fibrous tissue, both consequences
of obstruction and aging (27,28). Though ani-
mal models have demonstrated smooth muscle
detrusor hypertrophy with BOO, an increased
BWT may be attributable to other causes and is
therefore not a reliable tool for non-invasive as-
sessment of BOO (29).

Doppler Resistive Indices

When BOO is caused by prostatic obstruc-
tion, the detrusor muscle becomes hypertrophied
and thickened. However, there is no compensatory
increase in blood supply to the bladder resulting
in a decrease in blood flow. Animal models have
confirmed the relative decrease in detrusor blood
flow in obstructed animals (30). Color Doppler ul-
trasound was used in 29 patients undergoing uro-
dynamics (31). The average arterial blood flows at
3 sites in the bladder as well as the resistive in-
dex (RI), the calculated change in blood flow, were
measured. When comparing obstructed and non-
-obstructed patients, RI values were significantly

different between the groups. A predictive BOO
regression model demonstrated fairly high accu-
racy in predicting BOO (86%) but a low negative
predictive value (57%) (31). Aside from BOO, ad-
vanced age, detrusor overactivity, and atheroscle-
rosis may all cause decease in detrusor blood flow.
Bladder wall resistive indices (RIs) may be evalua-
ted using either transabdominal or transrectal US
(32). RI has been correlated with Abrams-Griffiths
number (r = 0.33, p = 0.05), TZ index, and patient
age (32). One study was able to show a sensitivi-
ty of 85% and specificity of 46% for diagnosing
BOO, when the RI was > 0.7. Alas, while using co-
lor Doppler US to measure Rls may be interesting,
it does not allow for the exclusion of other causes
of elevated Rls in the detrusor muscle (32).

Near Infrared Spectroscopy (NIRS)

Pulse oximetry and cerebral oxygenation
monitoring utilize near infrared spectroscopy
(NIRS) to monitor changes in concentrations of
chromophores (oxyhemoglobin and deoxyhemo-
globin) (33,34). Photons from the near infrared
spectrum are absorbed by chromophores. They are
absorbed much less by other issues, such as fat,
water, and protein (35). Research studies have de-
veloped an algorithm to assess BOO in men with
LUTS. According to the algorithm, men may be
classified as obstructed or non-obstructed based
on NIRS data (pattern of chromophore concen-
tration slope of change), Q_ , and PVR (36). A
down-sloping chromophore concentration relates
to a higher likelihood of obstruction, whereas an
up-sloping chromophore concentration relates
to a higher likelihood of non-obstruction. NIRS
has shown an 80% concordance with urodynamic
pressure-flow studies (36). The relation between
BOO and chromophore concentration changes is
influenced by blood flow and oxidative metabo-
lism which effect oxyhemoglobin concentration
changes (36,37). These changes in blood flow and
metabolism create the upward and downward slo-
pes of chromophore concentration change in obs-
tructed patients. Chung et al. studied 42 men, of
whom 33 (79%) were evaluable, with both urody-
namics and NIRS evaluation. The NIRS algorithm
relative to the urodynamic diagnosis had an area
under the curve of 0.484. Although this is a small



cohort, the NIRS pattern alone was not predictive
of BOO in men with LUTS (38).

Measurement with External Catheter
Non-invasive pressure-flow studies may
be performed using an external modified condom
catheter (39,40). A pressure transducer may be at-
tached to the open outlet of a condom catheter.
When the outlet is occluded, a measurable isovo-
lumetric pressure increase may be recorded. Com-
parisons have been made between pressure-flow
studies, external catheter bladder pressure, and
flow rate (Q, ) (41). In one study, 30% of patients
would be correctly categorized as obstructed or
non-obstructed based on flow rate (Qm ) alone. A

ax

Q. <45 mL/sec was considered obstructed, whi-
le a Q> 13.8 mL/sec was non-obstructed. The
remaining group of study patients had a combi-
nation of Q__ and external catheter pressure me-
asurement compared to urodynamic pressure-flow
diagnosis. According to ICS definitions, if Q_, and
external catheter pressure were either obstructed
or equivocal, they had a 90% concordance with
pressure-flow diagnoses of BOO. If Q _ and ex-
ternal catheter pressure were either non-obstruc-
ted or equivocal, then concordance with BOO on
pressure flow study was merely 67% (42). External
bladder pressure measurement using a condom
catheter has had several user-reported problems
including bad fitting or uncomfortable condoms,
leakage from condom, and unreliable pressure re-
adings depending on condom compliance and fit.

Measurement Using Penile Compression
Inflating a cuff around the penis during
voiding, much like a non-invasive blood pressure
cuff fitted around an arm, could be inflated to give
a cuff pressure equivalent to the isovolumetric
pressure of the bladder. A cuff is occluded around
the urethra prior to voiding, then released to allow
voiding and measure the pressure (40,41,43). A
cuff fitted around the penile shaft is inflated to
250 cmH20, then the subject in instructed to void
against the occluded urethra. When the bladder
contracts, an isovolumetric column of urine for-
ms between the bladder and cuff, and the pressure
is transmitted down to the occluding cuff (41,43).
Once a column of urine is formed, the patient slo-

wly releases pressure from the cuff, allowing it to
deflate until flow is initiated through the cuff. It is
at this point that the intraurethral pressure is equal
to the cuff pressure. When a flow rate of 1 mL/sec
is detected in an uroflow meter, the cuff is rapidly
deflated allowing for a surge in flow (Qsurge). In
one study, where subjects also underwent invasive
pressure-flow studies, cuff pressures were higher
than measured intravesical pressure. This was ac-
counted for by differences in height between the
pressure transducer and the penile cuff (40).

CONCLUSIONS

While invasive pressure-flow studies re-
main the gold standard for diagnosing BOO, se-
veral non-invasive techniques have been inves-
tigated. Though several show promise when used
in combination, the diagnostic accuracy of these
methods remains less than ideal. There are large
variations in sensitivity and specificity of these
measures, and clinical application is often chal-
lenging from a practical standpoint. Many sur-
rogate markers such as PSA, symptoms and PVR
offer some clue as to the presence of BOO, they are
clearly not sensitive or specific enough to be used
instead of invasive urodynamics. Intraprostatic
protrusion and NIRS offer measurable endpoints
which can be used as part of the overall clini-
cal picture. Ultimately, we require further studies,
with large sample sizes and rigorous, reproducible
methodology to find a reliable method to replace
invasive pressure-flow studies to diagnose BOO.
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ABSTRACT ARTICLE INFO

Purpose: To assess the changing presentation and treatment of nonseminomatous tes-  Key words:

ticular germ cell tumors (NSGCT) and to investigate predictive factors for the status of  ECBC protocol;

metastasis at diagnosis and on relapse and death. Nonseminomatous germ cell

Materials and Methods: Retrospective record review of 147 patients that underwent in-  tumor; Survival; Recurrence
guinal orchiectomy from 1987-2007. Follow-up data was available for 102 patients (me-

dian follow-up: 80 months (0-243); 96 patients alive). Int Braz J Urol. 2013; 39: 10-21
Results: Mean patients age increased (p = 0.015) and more patients were diagnosed in cli-

nical stage I (CSI) (p = 0.040). The fraction of yolk sac (YS) elements inclined (p = 0.030)

and pT2 tumors increased (p < 0.001). Retroperitoneal lymph node dissection (RPLND)  Submitted for publication:
declined whereas more patients were treated with chemotherapy (p < 0.001; p = 0.004).  August 03, 2012

There was an increase in relapse free (RFS) and cancer specific survival (CSS) due to an

improvement in patients with disseminated disease (p = 0.014; p < 0.001). The presence

of YS and teratoma elements showed a reduction in the odds ratio (OR) for metastasis at ~ Accepted after revision:
diagnosis (p = 0.002, OR: 0.262; p = 0.009, OR: 0.428) whereas higher pT-stage was as-  January 10, 2012

sociated to their presence (p = 0.039). Patients with disseminated disease (CS > I) showed

a declined CSS compared to CSI patients (p = 0.055). The presence of YS elements was

associated to an improved RFS (p = 0.038).

Conclusions: In our single institution study the face of NSGCT markedly changed over 20

years even after the introduction of Cisplatin-based chemotherapy. These changes were

accompanied by an improvement in RFS and CSS. When dealing with NSGCT patients

such observations now and in the future should be taken into account.

INTRODUCTION tients are diagnosed in early tumor stages. With
the introduction of Cisplatin-based chemothera-

Testicular cancer (TC) is the most common  py in the 1970s TC became an excellently curable
malignancy in young men and most of the pa-  disease. However, its etiology and pathogenesis
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remain widely unknown (1). Thus observational
changes in the presentation of the diseases as well
as changes in treatment regimens and survival
may lead to a better understanding of the disease
itself. Worldwide, a growing incidence has been
described and it has already been pointed out that
the presentation of the disease is changing (2,3).
The aim of the present study was to eva-
luate nonseminomatous testicular cancer (NSGCT)
for possible changes in presentation and treatment
that occurred after the introduction of chemothe-
rapy. Furthermore, we evaluated our patient col-
lective for predictive factors for metastasis at diag-
nosis as on relapse and death. Such observations
will account for a better understanding of NSGCT
presentation and may provide a forecast on future
problems when dealing with these patients.

MATERIALS AND METHODS

Information was collected by retrospective
record review of patients with histologically pro-
ven NSGCT that underwent radical orchiectomy
between 1987 and 2007 at our institution. A total
number of 147 patients were identified. Follow-up
data of 102 patients (69%) was available. Median
follow-up was 80 months (0-243, patients alive:
n = 96 (949%)). For clinical and pathological pa-
tients’ data see Table-1. For histopathological sta-
ging analysis the underlying TNM classifications
were applied (4-6). Further staging analysis in-
cluded CT-scan or X-ray and abdominal CT-scan.
Division into clinical stages (CS) was performed
according to the current TNM classification (7).
For further evaluation the whole study period was
divided into four periods (1987-1991; 1992-1996;
1997-2001; 2002-2007).

Statistical analysis was performed using
SPSS (release 16.0) and SAS software (release 9.2).
The changes along the study period were investi-
gated by using Kruskal Wallis or Chi2 test as ap-
propriate. One-way ANOVA analysis was used as
a parametric test. Logistic regression was used as a
multiple method in order to analyze the influence
of possible prognostic parameters on the status of
metastasis. Clinical outcome (RFS, CSS) was estima-
ted by Kaplan-Meyer analysis and log rank testing.
Statistical significance was defined as p < 0.05.
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RESULTS

Changing presentation throughout the study
periods

The clinical and pathological patients’ data
and treatment modalities in CSI according to the
different study periods are listed in Table-2. Along
the study period the total number of treated pa-
tients changed significantly (p = 0.037). Patients
in the last studied period were significantly older
compared to the first period (0.015). At the same
time, a significant shift to pT2 and to more pa-
tients diagnosed in CSI was observed (p < 0.001; p
= 0.040). Also, the presence of vascular invasion
(VI) gained significant importance (p = 0.030).
Yolk sac (YS) elements within the histological
condition of the tumor were found significantly
more often in the last studied periods (p = 0.011).
In CSI retroperitoneal lymph node dissection
(RPLND) lost importance in favor of chemothera-
py (p < 0.001; p = 0.004). The same development
was observed for patients with disseminated di-
sease (p < 0.001 each). The relapse free survival
(RES) tended to improve over the studied period
(p = 0.071). This was due to an improvement in
patients with disseminated disease (p = 0.014). The
cancer specific survival (CSS) significantly impro-
ved over the studied periods (p < 0.001), also due
to an improvement in patients with disseminated
disease (Table-3 and Figure-1).

Predictive factors for CS

Considering pT-stage, relative risk (OR) for
CS > I was significantly elevated with higher pT-
-stage (p = 0.039). The OR for pT3 compared to
pT1 tumors was 8.996 and for pT3 compared to
pT2 tumors 8.329. In terms of histological condi-
tion, the OR for metastasis was significantly re-
duced in cases of teratoma (p = 0.009; OR: 0.428)
and YS elements (p = 0.002; OR: 0.262). Other pa-
rameters as patients’ age, tumor size or vascular
invasion showed no association to the status of
metastasis at diagnosis.

Predictive factors for recurrence and survival
Sixteen patients (16%) relapsed and six

patients (6%) died. Median time to relapse was

18 (3-199) and median time to death ten months



(0-84). 5-, 10- and 15-year relapse free survival
(RFS) was 85%, 80% and 75% respectively. 5-, 10-
and 15- year CSS was 959%, 93% and 93% respec-
tively. In terms of CSS patients in CS > I showed
a reduced CSS compared to patients in CS I (p =
0.055). The histological condition of YS elements
tended to be associated to an improved RFS (p =
0.087). The survival data of the patients is listed
in Table-3.

DISCUSSION

Patients’ age increased continuously over
time. The presence of YS elements gained impor-
tance and more pT2 tumors were diagnosed. In
terms of adjuvant therapy, RPLND lost importance
in favor of chemotherapy. RFS and CSS improved
over the study period due to an improvement in
patients with disseminated disease. However, RFS
in CS I patients declined. The presence of YS and
teratoma elements showed a reduction in the re-
lative risk (OR) for metastasis at diagnosis where-
as higher pT-stage was associated to the presence
of metastasis. Patients with disseminated disease
showed a declined CSS compared to patients in CS
I. The histological condition of YS elements ten-
ded to be associated to an improved RFS.

Although in our study a change of the
number of NSGCT patients diagnosed over time
was significant, a closer view uncovers that it ac-
tually remained stable. This finding is in contra-
diction to our recently published results about se-
minoma (8). However, it reflects the finding of
several authors that the widely reported increase
in TC incidence mainly affects seminomas (9). A
change in prevalence factors over time, either in
terms of differing risk factors for seminoma and
NSGCT or of a relation between the intensity of
risk factor exposure and the histological type of
TC, might account on that (9). Over time, more of
our NSGCT patients presented in CSI as reported
earlier by other study groups (10,11). The similar
results in seminoma favor the hypothesis of an
improved awareness of TC as well as an improved
accessibility to health care institutions (12). Addi-
tionally it, was discussed that NSGCT develops out
of seminoma. Thus, a diagnosis of TC in earlier
tumor stages would result in an increase of semi-
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noma (13). We found a significant increase in pa-
tients’ age between the periods of 1987-1991 and
2002-2007. To the best of our knowledge, no such
a development has been reported earlier. In con-
tradiction to our observation, Cooper et al. in their
20 year review did not report on a change in pa-
tients’ age at diagnosis (10). As we examined only
a small patient collective this observation has to
be investigated in other study cohorts as it could
cover a hint on the etiology of NSGCT. In the last
studied period we noticed an increase in histopa-
thological diagnosis of VI. VI has long since been
described as the most important predictive factor
for occult metastasis in NSGCT (14). However,
only in 1997 it was implemented in the TNM clas-
sification causing a change from pT1 to pT2 tumor
stages (5). Simultaneously, we found a continuous
increase in pT2 tumors accompanied by a decrease
in pT1 and pT3 tumor stages. An increase in the
diagnosis of VI from 2002-2007 might be determi-
ned by a change in attention paid by pathologists.
Nevertheless, such changes would have rather
been suspected earlier in the period of 1997-2001.
Thus, changes in the pathogenesis of the disease
itself might also be a possible explanation. We no-
ticed a significant increase in fractions of YS ele-
ments especially after 1997. To our knowledge so
far there have not been any such reports concer-
ning adult testicular NSGCT. However, for pedia-
tric germ cell tumors, a growing incidence of YS
tumors has been reported. As an increase in YS
tumors was noticed especially in industrialized re-
gions, an association with environmental factors
was assumed (15,16). Over the studied period, sig-
nificantly more patients underwent adjuvant che-
motherapy and especially since 1997 we noticed a
decline in RPLND. According to the current En-
glish literature, only little data on changes over
time in adjuvant treatment modalities for Europe
exist. For Spain, Molina Saera et al. reported on
an increase in the use of chemotherapy, however
no data on RPLND was provided (17). For Ameri-
ca, Steele and co-workers reported on a trend to-
wards an increasing frequency of RPLND from
1985-1996 (3). However, Cooper et al. in their mi-
litary database study on NSGCT patients reported
on a decline in RPLND during their last examined
studied periods (1998-2007: 620b; 1994-1997:



Table 1 - Characteristics of patients with nonseminomatous testicular cancer.

Characteristics Number of contributing patients
Mean patients’ age, years = SD 147 30.7+84
Histological condition, n (%) 129 -
Seminomatous elements - 55 (43)
Embryonal carcinoma elements - 101 (78)
Yolk sac elements - 30 (23)
Teratomatous elements - 71 (55)
Choriocarcinoma elements - 21 (16)
Mean tumor size, cm + SD 130 3.8+22
Presence of small vessel invasion, n (%) 140 -
Yes - 56 (40)
pT stage, n (%) 142 -
pT1 - 85 (60)
pT2 - 43 (30)
pT3 - 14 (10)
pT4 - 0(0)
Tumor markers 147 -
Median AFP, ng/mL (range) 139 69 (1- 37 759)
Median p-HCG, ng/mL (range) 141 22 (0.01- 450 370)
Median LDH, U/I (range) 95 226 (135- 4277)
Clinical stage, n (%) 147 -
I - 81 (55)
I - 44 (30)
1l - 22 (15)
> | - 66 (45)
IGCCCAG classification 64 -
Good - 40 (63)
Intermediate - 14 (22)
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CONTINUATION

Characteristics Number of contributing patients

Poor - 10 (16)

Adjuvant treatment, n (%) - -

CS| 78 -
Surveillance - 15 (19)
Chemotherapy - 33 (42)
RPLND - 29 (37)
Radiation therapy - 1(1)

csi 43 -
Chemotherapy - 22 (51)
RPLND - 2 (5)
Chemotherapy + RPLND - 19 (44)

cs 21 -
Chemotherapy - 13 (62)
Chemotherapy + surgery* - 8 (38)
Median follow-Up, months (range) 102 80 (0-243)
Median time to relapse, months (range) - 18 (3-199)
Median time to death, months (range) - 10 (0-84)
Relapse, n (%) - 16 (16)
Death, n (%) - 6 (6)
Patients alive, n (%) - 96 (94)

SD = standard deviation; n.e.= not evaluable; AFP = alpha-fetoprotein; B-HCG = human chorionic gonadotropin; LDH = Lactate de-
hydrogenase; UPN = upper limit of normal; CS = Clinical stage; IGCCCG = International germ cell cancer consensus group; RPLND =
Retroperitoneal lymph node dissection; *surgery includes RPLND and residual tumor resection
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Figure 1 - Cancer specific survival curves of metastasized
NSGCT patients according to the different studied groups
(1987-1991; 1992-1996; 1997-2001; 2002-2007).
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889%) (10). An upcoming focus on life quality mi-
ght be a possible explanation for such observa-
tions. Nevertheless, 62% of performed RPLND is
still high compared to our results of 12-319%. Thus,
regional as institutional circumstances might also
play a role. The latest European guidelines on
NSGCT nowadays give explicit recommendations,
classifying RPLND as rather second or third treat-
ment of choice (18). However, in the EAU guideli-
ne of 2001 yet there was a clear recommendation
for RPLND besides surveillance and chemotherapy
(19). Our data demonstrate that treatment changes
in clinical practice took place even earlier. A trend
towards more surveillance, the nowadays stan-
dard treatment option for low risk NSGCT patients,
was not observed in our study collective (18). In
our patient collective RFS in disseminated disease
continuously improved over time. We believe that
this change in RFS is mainly due to a historical
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policy of RPLND in CS ITIA/B patients in the past
that changed to a policy of primary chemotherapy
in CS IIA/B NSGCT patients after 1996. The prefer-
red treatment regimen in CS IIA/B patients still
remains controversial as for both chemotherapy
and RPLND survival rates of more than 95% have
been described (20,21). Stephenson et al. reported
on an increase in RFS in their CS IIA/B patient
collective after 1999 and hypothesized that this
was due to a more adequate patient selection ac-
cording to established parameters of progression
as elevated tumor markers or adenopathy larger
than 2 cm (22). The current EAU guideline on
NSGCT recommend RPLND in CS IIA/B patients
only in case of negative markers (18). However, at
the same time there was an incline in RFS of CS I
patients. Most probably this is due to the higher
rate of surveillance regimens after 1991 that will
always cause a certain amount of relapses. CSS in
our patient collective improved especially since
1992. Sonneveld et al. reported on a significant
improvement in the survival rate of their metasta-
sized NSGCT patients from 1977-1986 compared
to 1987-1996 (23). Data of the Roland-Koch Insti-
tute in Germany report on a first incline in survi-
val rates in the 1970s due to the introduction of
Cisplatin based chemotherapy followed by a fur-
ther incline since the 1980s with relative 5 year
survival rates increasing from 80% to 95% (24). In
our institution the improvement in CSS was main-
ly due to a harsh incline in events of death after
1992. We found a reduction in the relative risk for
metastases at diagnosis in case of the presence of
teratoma and YS elements. This finding is in con-
cordance to a study of Klepp et al. of a CSI patient
collective, undergoing RPLND. Herein they repor-
ted that the absence of teratoma or YS elements
was a predictor for retroperitoneal metastases (25).
Other studies reported on a higher rate of metasta-
tic disease in tumors containing less than 50% of
teratoma elements (26). In our study collective hi-
gher pT-stage was associated with the presence of
metastasis at diagnosis. Nicolai and colleagues
created a model for the prediction of nodal metas-
tasis at diagnosis. However, t-stage did not serve
as a predictor, in contrary VI served as a reliable
predictor (27). We found no association between
VI and the status of metastasis. We report on a 5-,



10- and 15- year CSS of 95%, 93% and 93%, res-
pectively. This is in concordance to other results
reported by Sokoloff and colleagues on their Ame-
rican study collective from 1975-2001 with a 96%
survival rate. However, no discrimination between
NSGCT and seminoma was made (28). Compared
to Europe such CSS rates even exceed the upper
limit of reported data, ranging for NSGCT from
47% - 90%. Yet this data only comprised an early
studied period from 1987-1992 and only an ex-
cerpt of European countries was included (29).
Sonneveld et al. report on a 10-year CSS of 82%
for NSGCT. However, their study period comprises
an early time period from 1977 to 1996, too (23).
The Roland Koch Institute of Germany delivered
latest relative 5-year survival rates of up to 95%
(24). Thus, our CSS rates are very good. 16% of
our NSGCT patients relapsed and 5-, 10- and 15-
year RFS were 85%, 80% and 75%, respectively.
For Europe a relapse rate of 12% (0-34%) was re-
ported (29). In terms of CSS, patients with metas-
tasized disease (CS > I) showed a worse survival
compared to patients in CS I. Hence, these results
underline the prognostic value of the TNM classi-
fication. The histological condition of YS elements
was associated with an improved RES. Other study
groups also reported on the absence of YS ele-
ments being associated to a reduction in relapse
(30). Our study is limited by its retrospective study
character that leads to a considerable lack of data
concerning histopathology and follow-up data.
Furthermore no re-evaluation by application of
the recent TNM-classification took place. With TC
being a disease of excellent CSS there is a further
limitation by the small number of events espe-
cially in terms of death. Therefore, a multivariate
analysis was not performed. The data here presen-
ted are restricted to a single-center population.
Thus, affirmations above population trends can-
not be made.

The remarkable changes in RFS and CSS
for both stage I and disseminated disease after the
first five year period reflect a change in treatment
policies that took place all over Europe. With the
excellent survival data provided for NSGCT, pa-
tients in early stages of the disease make high de-
mands on the form of treatment they will choose.
Clinical trials have already proofed the possibili-
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ties of surveillance regimens. At the same time the
importance of RPLND has declined.

CONCLUSIONS

Detecting patients at high risk of relapse
and clearly discriminating them from low-risk
otherwise overtreated patients is as urgent as ever.
The data of the last decades shows that a further
improvement in CSS is possible even after the in-
troduction of Cisplatin-based chemotherapy.

ABBREVIATIONS

NSGCT: Nonseminomatous testicular germ cell
tumor

CSI: Clinical stage I

YS: Yolk sac

RPLND: Retroperitoneal lymph node dissection
RFS: Relapse free survival

CSS: Cancer specific survival

OR: Odds ratio

CS>I: Disseminated disease

TC: Testicular cancer
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ABSTRACT

Purpose: The aim of study was to evaluate the clinical outcomes of PNL in comparison
with laparoscopic ureterolithotomy (LUL) in proximal ureteral stones larger than 1 cm.
Materials and Methods: A total of 80 patients who were candidates for treatment of
large ureteral stones in our urology center were enrolled in the study between Sep-
tember 2004 and September 2008. By using patient randomization, they were assig-
ned into two forty-patient groups (PNL and LUL). After evaluating the patients with
laboratory tests and IVP, PNL was performed under sonography guidance in the prone
position or the patients were submitted to classic laparoscopic ureterolithotomy (LUL)
transperitoneally. All patients underwent postoperative assessments including KUB and
ultrasonography.

Results: A hundred-percent success was achieved in both groups. The mean age of the
patients were 39.4 (16-63) and 35.2 (18-57) years old in PNL and LUL groups, respec-
tively. The mean stone size in PNL group was 14.2 (10-25) mm and in LUL group was
13.5 (10-28) mm. The duration of the operations were 54.35 (50-82) minutes, and 82.15
(73-180) minutes (P < 0.0001); and the average hospital stay days were 2.6 (2-5) and
3.5 (3-8) days (p = 0.011) in groups PNL and LUL, accordingly. The mean Hb decrease in
PNL group was 0.9mg/dL and in LUL group was 0.4mg/dL (p = 0.001). No statistically
significant differences in terms of blood transfusion, fever, ICU admission, and prolon-
ged urinary leakage were detected in both groups.

Conclusion: According to our study, percutaneous nephrolithotomy under ultrasono-
graphy guidance is comparable with the laparoscopic ureterolithotomy for the treat-
ment of proximal ureteral stones larger than 1 cm.
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INTRODUCTION

Ureteral stones can cause obstructive uro-
pathy and subsequent deterioration of renal func-
tion (1). Since the patient’s symptoms and stone
size are not good predictors of renal function loss,
and there is no clear time threshold for irreversible
damage, intervention should be strongly conside-
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red in any patient with ureteral obstruction unless
close monitoring of renal function is available (2).

An impacted stone is defined as a stone
that cannot be bypassed either by a wire, or a ca-
theter, or a stone remaining at the same site in
the ureter for over two months (3). The treatment
options for these stones consist of extracorporeal
shockwave lithotripsy (ESWL), ureteroscopic pro-



cedures, percutaneous nephrolithotomy (PNL), la-
paroscopic ureterolithotomy (LUL), and open sto-
ne surgery (0SS) (2).

However, OSS has been associated with
longer hospitalization and greater postoperative
morbidity (4), and the efficacy of ESWL drops sig-
nificantly for impacted stones larger than 1 cm in
diameter (5). Several reports have suggested that
ureteroscopy should be the primary approach for
the impacted ureteral stones, especially with fle-
xible ureteroscopic lithotripsy using the holmium
laser (6-8).

We frequently encounter proximal ure-
teral stones larger than 1 cm at our center and
a significant proportion of them are impacted or
failed to be removed by previous ESWL attempts.
Altogether, holmium laser lithotripsy has good re-
sults with low complications (7), but it is expen-
sive and unavailable in many centers. The use of
pneumatic lithotripsy instead of holmium laser is
not appropriate because of high possibility of sto-
ne migration (9).

Alternatively, PNL is an option for large
proximal ureteral stones, with a reported median
stone-free rate of 86%. The proximal dilated ure-
ter makes most of these stones approachable with
a rigid nephroscope or large-caliber flexible ins-
truments that can fragment and remove large sto-
ne burdens efficiently (9). Traditionally, PNL has
been performed in the prone position and mos-
tly relies on fluoroscopy, exposing both the pa-
tient and the surgical team to radiation. Recently,
some investigations showed that PNL under ul-
trasonography guidance is a safe and convenient
procedure. Therefore, this study was designed to
compare ultrasonography guided PNL in the prone
position with LUL as two minimally invasive te-
chniques in the management of proximal ureteral
stones larger than 1 cm.

MATERIALS AND METHODS

A total of 80 patients with proximal ure-
teral stones (above the inferior margin of kidney)
and larger than lcm at our urology center were
enrolled in the study between September 2004 and
September 2008. Patients with kidney anomalies,
severe skeletal deformities, uncontrolled coagulo-
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pathies, and the previous histories of PNL or open
renal stone surgeries were excluded. These pa-
tients were assigned to one of the two treatments
in a randomized sequential order, with 40 patients
in each group (PNL or laparoscopic ureterolitho-
tomy (LUL)). Some information such as demogra-
phic data including age, sex, stone laterality and
stone size (the mean diameter) in these patients
were recorded. Preoperative evaluation consisted
of tests such as urine analysis, urine culture and
renal function tests. In patients with active urina-
ry infection, appropriate treatments were perfor-
med. Excretory urography (IVU) was the primary
imaging modality in all patients. The stone burden
was determined by multiplying the stone length
by the stone width in centimeters, as measured on
the preoperative plain abdominal film, or on IVU
in the cases of radiolucent stones.

The patients were fully advised on the na-
ture of the study, and the informed consents were
obtained. The design of this research was appro-
ved by the bioethics board of the Urology and Ne-
phrology Research Center (UNRC).

Operation technique

Both procedures were performed under ge-
neral anesthesia.

In the PNL group, after introducing an
open ended 6F ureteral catheter in a lithotomic
position, the patient was repositioned into a stan-
dard prone position with all pressure points pad-
ded. The ureteral catheter was used for continuous
and rapid injection of normal saline during litho-
tripsy to clear out calculi fragments located at the
ureter. Detection of the pyelocaliceal system was
achieved sonographically with a 3.5-MHz probe
through the posterior abdominal wall. An 18-gau-
ge access needle was inserted through the fornix,
usually at the posterior axillary line below the
12th rib, targeting the middle calices. With a stea-
dy suction on the syringe, access to the collecting
system was confirmed when urine was withdrawn.
Then, a 0.035 inch J tipped guide wire was intro-
duced into the targeted calyx. We injected 50 cc
normal saline to induce hydronephrosis when it
did not exist. The nephrostomy tract was dilated
by a one-shot dilatators and an Amplatz sheath
(28 to 30F) was placed. All these steps were under



real-time ultrasonography through the posterior
abdominal wall.

By using rigid nephroscope and Swiss
pneumatic lithotripsy, stones were fragmented
and extracted by grasping forceps. Clean pressuri-
zed air at 0.35 to 0.5 Mpa was used as an energy
source to fire the projectile onto a metal rod that
was in contact with the stone. If the location of
the access was improper, then access was achieved
under fluoroscopic guidance and the ultrasono-
graphy-guided access was termed a failure. After
stone removal and final nephroscopy control for
detecting any residual stone, Amplatz sheets were
removed and skin was sutured.

In the laparoscopy group, patients were
prescribed oral laxatives and a single dose of a
broad-spectrum parenteral antibiotic the day, and
one hour before the procedure, respectively. After
general anesthesia, a Foley catheter and a naso-
gastric tube were inserted in all patients. The um-
bilicus was placed over the break on the operating
table and the patient was positioned in a modified
lateral decubitus position. The table could be fle-
xed as needed. With the axillary roll and supporti-
ve pads at the buttocks and flank, the patient was
remained securely in place while the table was
rolled toward the surgeon to assist with retrac-
tion of the bowel. First 10 mm trocar for camera
was inserted in the upper umbilicus margin under
direct vision in the peritoneum. After gas insu-
fflation, the patient was positioned to full flank,
and the second 10 mm port was placed at the level
of the umbilicus, lateral to the ipsilateral rectus
muscle; then, a 5 mm port was inserted in the mi-
dline between the umbilicus and the xiphoid pro-
cess. After the insertion of the instruments and
the camera, the white line of Toldt was incised
and colon mobilized medially, in order to expose
the gonadal vessels and the ureter that is usually
located just deep to them. Once identified, the ure-
ter was elevated and followed proximally to the
stone. Once ureteral stone identified, we hooked
the ureter above the stone to prevent its migra-
tion. Then, the ureter was incised laterally about
1 cm with the 5 mm J type electrocautery hook.
After manipulation and exertion of stone, it was
extracted from one of the trocars site by using a
bag. A double pigtail ureteral catheter was placed
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from one of the trocar sites and the ureterotomy
site was closed with absorbable sutures. A drain
was inserted from the trocar site intraperitoneally
at the end of operation.

In the PNL group, Foley and ureteral ca-
theters were removed on the first post-operation
day (POD) unless significant hematuria or ureteral
irritation was diagnosed intraoperatively to post-
pone the removal. The patient was discharged the
day after the catheter removal.

In the LUL group, Foley catheter was re-
moved at the 2nd POD and the drain was removed
in the 3rd POD and the patient was discharged
from hospital on the same day. If drain discharge
was over 75 mL/day, removal of Foley catheter or
drain was postponed.

Demographic characteristics, time of ope-
ration (from first skin incision to the last skin su-
ture), hospitalization time, change in hemoglobin
level (preoperative and the day one after surgery),
need for parental pethidine, complications such
as perioperative bleeding (need for blood transfu-
sion), postoperative fever (oral temperature > 38°
(), prolonged leakage (> 75 mL/day), and ICU ad-
mission were compared between the two groups.

Ultrasonography and KUB were performed
48 hours after operation to evaluate stone-free
status (no residual stone fragments) and residual
stone burden. Ureteral stricture was determined by
IVU and renal ultrasound studies that were carried
out routinely six months after the treatment.

Data analysis was performed by using SPSS
software (Statistical Package for the Social Sciences,
V. 15; SPSS Inc, Chicago, IL, USA) using Student’s
t-test and chi-square test. A p-value of less than
0.05 was considered statistically significant.

RESULTS

Demographic and clinical characteristics
of patients are shown in Table-1. The average sto-
ne diameter (Min-Max) in PNL group and in LUL
group was 14.2 mm (10-25) and 13.5 mm (10-28),
respectively (P-value = 0.56).

In PNL group, ultrasonography guided
access was achieved successfully in all cases, but
in 6 patients, the exposure was not optimal for
approaching the ureteropelvic junction (UPJ). In



Table 1 - Demographic and clinical characteristics of patients.

LUL (n=40) PNL (n=40) P value
Mean age (years) 35.2 (18-57) 39.4 (16-63) 0.21
Male (%) 24 (60) 28 (70) 0.48
Previous history of ESWL (%) 4 (10) 8 (20) 0.35
Impacted Stone (%) 17 (42.5) 10 (25) 0.16
Stone location

Right side (%) 21 (52.5) 24 (60) 0.65

Left side (%) 19 (47.5) 16 (40)

Hydronephrosis
Mild (%) 6 (15) 5 (12.5)

Moderate (%) 15 (37.5) 12 (30)

Severe (%) 19 (47.5) 23 (57.5) 0.67

Stone diameter 13.5 (10-28) 14.2 (10-25) 0.56

that situation, after injecting the contrast medium
into the collecting system, another access was cre-
ated under fluoroscopy control. When moderate
to severe hydronephrosis was present, optimal
exposure to UPJ was possible even from the lo-
wer pole by gently turning the rigid nephroscope
and Amplatz sheath. In 25 patients, the stone was
fragmented first, and extracted subsequently; for
the remaining cases stone was removed en bloc.

The mean operation time (Min-Max) was
54.35 minutes (50-82) and 82.15 minutes (73-180)
in PNL and LUL groups, respectively (P-value <
0.0001). Pigtail catheter remained more than 3
days in 14 (35%) patients in LUL group and 12
(30%) patients in PNL group endured ureteral ca-
theter for more than 2 days. The average hospital
stay (Min-Max) was 2.6 days (2-5) in PNL group
and 3.5 days (3-8) in LUL groups (P value = 0.011).
Stone-free status (no residual stone fragments)
was complete (100%) in both groups.

In PNL group, the average Hb decrease in
the first postoperative day was significantly hi-
gher than in the LUL group (0.9mg/dL vs. 0.4mg/
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dL, P value = 0.001). Regarding the need for pa-
rental pethidine to relieve the pain, there was no
significant difference between the two groups (P
value = 0.92).

Except for the postoperative hemoglobin
deficit, there were no statistically significant diffe-
rences between the PNL and LUL patients groups
in terms of other complications (Table-2). Compli-
cations included blood transfusions in 3 patients
in the PNL group (one during the operation and
two postoperatively), fever in 5 patients of PNL
group and 4 patients of LUL group, the need for
ICU in 1 patient of LUL group, and the prolonged
urinary leakage in 3 patients of LUL group. The
patient in LUL group who was admitted to ICU
because of a respiratory insufficiency and a long
operation time (180 min.) was discharged without
any problem.

After calculating the hospital charges for
patients in both groups according to our insurance
laws, PNL procedure was found to be less expensi-
ve than LUL for the treatment of the patients with
proximal ureteral stone (P-value = 0.0001).



Table 2 - Patients’ Intraoperative and postoperative data.

Group LUL (n = 40) PNL (n = 40) P value
Complications
Postoperative hemoglobin deficit (mg/dL) 0.4 mg/dL 0.9 mg/dL 0.001
Need for transfusion (%) 0(0) 3(7.5) 0.24
Need for parental pethidine (mg) 77.5(50-150) 80(50-200) 0.92
Postoperative fever (%) 4 (10) 5(12.5) 0.99
Prolonged leakage (%) 3(7.5) 0(0) 0.24
ICU admission (%) 1(2.5) 0(0) 0.99
Mean operation time (minutes) 82.15 (73 -180) 54.35 (50-82) < 0.0001
Mean hospital stay (days) 3.5(3-8) 2.6(2-5) 0.011
Stone-free status (%) 40 (100) 40 (100) 1.00

Performing IVU and renal ultrasound stu-
dies six months after the treatment did not reve-
aled any residual stone, obstruction, and ureteral
stenosis.

DISCUSSION

Urinary calculi are important problems in
the field of urology (1). The surgical options for
the treatment of proximal ureteral stones include
ESWL, ureteroscopy, PNL, laparoscopic and, rare-
ly, open surgery (2). The preferred approach for
most upper-urinary stones is extracorporeal litho-
tripsy due to its minimal morbidity and simplici-
ty (7). Impacted ureteral calculi larger than 1 cm
are more resistant to ESWL due to the expansion-
-space theory (10). Park et al. compared the re-
sults of ESWL and ureteroscopy for ureteral stones
(proximal and distal) and showed though the effi-
cacy of ESWL decreased significantly for stones
larger than 1 cm (83.6% versus 42.1%), the stone-
-free rate with ureteroscopic manipulation did not
change by the stone size (88.9% versus 86.6%) (5).
In the clinical guidelines of European Urological
Association, it is stated that for proximal ureteral
calculi > 1 cm, ESWL and ureteroscopy have ove-

rall stone free rates of 68% (55-79) and 79% (71-
87), respectively (11). Other literature shows excel-
lent results for ureteroscopic lithotripsy using the
holmium laser for proximal ureteral calculi, with a
mean stone-free rate of 95% associated with a low
perforation and stricture rate of about 1% (7). For
this purpose, a better outcome could be achieved
by flexible ureteroscopic lithotripsy as the primary
approach (8). Although the use of holmium laser
or flexible ureteroscopic lithotripsy is expensive
and not available in many centers especially in
developing countries, the use of pneumatic litho-
tripsy instead of holmium laser is not appropriate
due to its high probability of stone migration (9).

Two other procedures that are suggested
for proximal ureteral stone removal are laparos-
copic ureterolithotomy and PNL (2). Nonetheless,
the former technique requires a dissection in the
retroperitoneal area to expose the ureter that is
similar to open surgery, but it has a high success
rate in patients with a large stone size (2,3). Our
previous study on 46 patients with > 1.5 cm upper
and middle ureter stones submitted to transperi-
toneal laparoscopic ureterolithotomy identified
97.8% stone free rate (12). Huri et al. (13) perfor-
med transperitoneal and retroperitoneal laparos-
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copic approach in 41 patients with ureteral stones
and all patients were discharged without stones.
Only in one patient, the operation was converted
to an open procedure. Almeida et al. (14) com-
pared laparoscopic and open ureterolithotomy
prospectively and showed lower analgesia requi-
rements and shorter hospitalization periods in the
laparoscopy group.

Furthermore, PNL does not require any spe-
cial equipment and is available in most urology
centers, and has the advantage of rapid stone remo-
val. The conventional technique for PNL is in the
prone position and under fluoroscopy guidance.

There are a number of options for the ne-
edle guidance during PNL, including fluoroscopy
and ultrasonography (US). We used US to delineate
the needle access to reduce radiation exposure. The
harmful effects of x-ray are well confirmed, and
for the protection against these harmful effects, hi-
ghly advanced fluoroscopies and protection shiel-
ds are available, although the safety is not comple-
te. The severity of stochastic effects of x-ray is not
dose dependent and may cause genetic mutation
and cancer in surgeons and patients (15,16). Based
on the rule to use the lowest reasonably achievable
radiation, the least dose has to be used.

The stone-free status of both PNL and LUL
procedures were excellent (100%) in our study. In
terms of complications, there was a significant
difference in the post-operative hemoglobin drop
between these groups that suggests PNL may cau-
se trauma to renal parenchyma rather than LUL.
Nevertheless, some authors have shown that PNL
does not result in the loss of renal function when
treating renal calculi as measured by nuclear scin-
tigraphy (17,18).

In our study, some disadvantages of la-
paroscopic ureterolithotomy included prolon-
ged operation time, more expensive instruments,
and long hospital stay in comparison with PNL.
Thus, we can suggest that ultrasonography gui-
ded PNL is a rapid and effective option for the
treatment of proximal ureteral stones larger than
1 cm. The small number of patients and the short-
-term follow-up periods were the limitations of
this study; therefore, we recommend comparing of
the two aforesaid methods with more cases under
additional assessment.
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CONCLUSIONS

It seems that the percutaneous nephro-
lithotomy under ultrasonography guidance has
comparable results with laparoscopic ureterolitho-
tomy for the treatment of the proximal ureteral
stones larger than 1 cm with lower operation time
and hospitalization period.
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EDITORIAL COMMENT

Ureteral lithiasis is a very frequent pathology
in our country and in many occasions needs sur-
gery. At present, endourological procedures are mos-
tly used, with very good results and low morbidity.
However, the treatment of larger stones and those
located at the upper part of the ureter is challenging.

The authors present a randomized study that
compared two methods of treatment for these cal-
culi. It is a comparative, randomized study, with an
adequate number of treated patients, that deserves
attentions. The present guideline for the treatment
of proximal ureteral calculi larger than 10 mm is the
retrograde ureterolithotripsy. But it may have worse
results if it is not used a laser lithotripsy or flexible
endoscopes, and in those situations it is worthwhile
the use of other surgical methods. The same gui-
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deline suggests the use of percutaneous ureteroli-
thotripsy for larger calculi at the proximal ureter
with 85 to 100% of success rate. The authors present
the same results with the possibility of the use of
ultrasonography, avoiding the use of fluoroscopy
with less morbidity of the patient and medical team.
Laparoscopic ureterolithotomy is becoming a more
used form of treatment for these stones, with excel-
lent results and with the same minimally invasive
characteristic in relation to open surgery.

The addition of this study to literature de-
monstrates the possibility of use of several techni-
ques for the treatment of larger proximal ureteral
stones, according to the availability of equipment
and surgeon’s experience. The urologist must choo-
se the technique that allows the complete stone re-
moval, with less morbidity, and, if possible, with
lower use of radiation.

Dr. Antonio Corréa Lopes Neto
Faculty of Medicine of ABC

Av. Principe de Gales, 821

Principe de Gales

Santo André, SP, 09060-650, Brazil
E-mail: lopes.neto@ig.com.br
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ABSTRACT

ARTICLE INFO

Purpose: Pneumoperitoneum (Pp) at 12 to 15 mmHg in rats is associated with kidney
damage. However, Pp at 8 mmHg is now known to best correlate to working pressures
used in humans. Thus the aim of this work was to study the kidney of rats submitted
to prolonged Pp at 8 mmHg.

Materials and Methods: Rats were divided into a Sham group (n = 14), submitted to
anesthesia, and a Pp group (n = 14), submitted to Pp at 8 mmHg, followed by deflation.
In both groups, 7 animals were immediately killed and their kidneys were used for oxi-
dative stress analyses. The remaining 7 rats in each group were evaluated after 6 weeks
for the number of glomeruli and podocyte morphology.

Results: For all analyzed parameters Sham and Pp groups presented no statistical di-
fference.

Conclusion: When submitted to adequate Pp pressures (8 mmHg), no kidney damage
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occurs in rats.

INTRODUCTION

During laparoscopic surgery in humans,
pneumoperitoneum (Pp) has been associated with
a transient decrease in renal function. This may be
considered an important negative aspect of all lapa-
roscopic surgeries when patients are submitted to ab-
dominal insufflation and mainly during laparoscopic
live donor nephrectomy when the quality of the graft
collected is of upmost importance for the recipient.
In spite of this, long-term clinical consequences have
not been observed yet, mainly because renal function
usually returns to normal levels after deflation (1).
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Several studies conducted in rats showed
oxidative stress injury and other histopathological
changes in renal tissue. These experiments used in-
tra-abdominal pressures routinely applied in human
clinical settings (12 to 15 mmHg) (2-6). However, re-
cent evidences indicate that Pp above 8 mmHg in
rats correspond to much higher pressures than those
that are normally used in humans. Therefore, these
experimental studies would not simulate laparosco-
pic working pressures in the clinical setting, and the
reported renal damage might be simply a result of
an abnormally high Pp pressure (7).



To address this issue, in the present study
we induced in rats a prolonged 8 mmHg Pp and
then investigated the short-term oxidative stress al-
terations and the long term morphological changes
in the kidney applying stereological and electron
microscopic methods.

MATERIALS AND METHODS

Animals

Twenty-eight Wistar male rats aged 4 to 6
months and weighing 250 to 360 g were used in this
study. The rats were kept in a room with controlled
temperature (25 + 1 °C) and with an artificial dark-li-
ght cycle (lights on from 7:00 am to 7:00 pm). They
were fed standard rat food and water ad libitum.

All experiments were performed in accor-
dance with the Brazilian laws for scientific use of
animals, and the project was approved by the local
ethical committee.

Groups

The rats were randomly assigned into a
Sham group (n = 14), which was submitted only to
anesthesia for 210 minutes, and a Pp group (n = 14),
which underwent, under anesthesia, 180 minutes of
Pp at 8 mmHg followed by 30 minutes of deflation.
Immediately after these procedures, 7 animals were
killed in each group and their kidneys were used for
oxidative stress analyses. The remaining 7 rats from
each group were killed 6 weeks later and their kid-
neys were used for stereological and electron micros-
copy analyses. All analyses were blindly performed.

Pneumoperitoneum

The animals were anesthetized by intraperi-
toneal injection of ketamine (80 mg/kg body weight)
and xylazine (10 mg/kg body weight) with sponta-
neous breathing during the experiment. In the Pp
group, a 21-gauge needle was inserted into the ab-
dominal cavity and a Pp at 8 mmHg was established
with CO, by using an electronic insufflator. After 180
minutes of Pp, the abdominal cavity was deflated, and
the animals remained anesthetized for 30 minutes.

Stereological analyses
The volume of the right kidneys was esti-
mated by the Sherle’s method (8); then the kidneys
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were sectioned frontally, fixed in 10% formaldehyde
and routinely processed for paraffin embedding. Se-
rial 5 pm sections of the entire kidney were obtai-
ned and stained with hematoxylin and eosin (HE).
The cortical-medullar ratio was estimated by using
the Cavalieri principle (9) and the absolute cortical
volume (CV) was calculated by multiplying the cor-
tical-medullary ratio by the renal volume.

The left kidneys were sectioned in small
fragments, fixed in 10% formaldehyde and rou-
tinely processed for obtaining 5 pm thickness HE
stained slices. From each animal, different ran-
domly sections of the renal cortex were obtained,
from which 26 histological fields were captured at a
200x maghnification and analyzed. A M42 test-sys-
tem was applied to obtain the glomerular volume
density (Vv[glom]) by the point-counting technique
(9). The volume weighted mean glomerular volume
(VWGV) was estimated by using the point-sampled
intercepts method (10,11) analyzing 50 glomeruli
per animal.

The estimation of the total number of glo-
meruli per kidney was calculated by multiplying the
CV by the Vv [glom] and dividing the result by the
VWGV (12).

Electron microscopy analyses

Small fragments of the left kidneys from
the Sham and Pp groups were used for investi-
gating podocyte effacement. Samples were pro-
cessed for scanning and transmission electron
microscopy as previously described (13). Briefly,
the tissue was minced and fixed in 2.5% gluta-
raldehyde overnight and post-fixed in 1% 0s04.
For scanning electron microscopy, the fragments
were dehydrated in ethanol, critical point-dried
with CO, and sputter-coated with gold-palladium
and examined on a JEOL5800 scanning electron
microscope. For transmission electron microscopy,
the samples were gradually dehydrated in acetone
and embedded in Epon. Ultra-thin sections were
stained in 5% uranyl acetate and 1% lead citra-
te and then observed on a JEOL1210 transmission
electron microscope.

Podocyte effacement was assessed qua-
litatively by scanning and transmission electron
microscopy, and quantitatively by transmission
electron microscopy (14). The quantification was



carried out by measuring the length of foot pro-
cesses in contact with the basement membrane
using the software ImageJ. At least 100 foot pro-
cesses per animal were used to calculate individu-
al mean.

Oxidative stress analyses

One fragment of the left kidney was wa-
shed with ice-cold 0.1 M phosphate buffer, pH 7.4
and stored at -20 °C. Then it was homogenized in
the same buffer at a concentration of 0.1 (g tissue/
mlL), centrifuged at 10000g at 4 °C for 15 min.
Supernatants were removed and stored at —200C
until analyses.

Malondialdehyde (MDA), which is formed
by lipid peroxidation, was assayed by a colorime-
tric method using thiobarbituric acid (15). Protein
oxidation was assessed by measuring the protein
carbonyl content after reacting with dinitropheny-
lhydrazine (16).

Protein carbonyl (nMol/mg) and MDA
(nMol/mg) contents were expressed in relation to
tissue protein concentration, which was measured
with the Lowry method (17).

Statistical analysis

Student’s-t-test was used for all mean
comparisons. For all comparisons p < 0.05 was
considered significant. Analyses were performed
using GraphPad Prism software.

RESULTS

Stereological analyses

No statistically significant differences
in morphometric values were found among the
groups studied. The results of the analyses are pre-
sented in Table-1.

Electron microscopy analyses

No signs of podocyte effacement were seen
in both groups. The foot processes were well pre-
served in both Sham and Pp groups, displaying
the characteristic interdigitating pattern with its
neighbouring cells, and leaving in between a nor-
mal sized slit diaphragm (Figure-1). This was con-
firmed by quantitative assessment of the length
of the foot process in contact with the basement

Table 1 - Stereological data of kidneys from rats of groups Sham (n = 7) and Pneumoperitoneum (Pp) (n = 7). The Pp group
was submitted to 8 mmHg of Pp for 3 hours, while Sham group was submitted only to anesthesia for the same time.

Sham Pp P value
Kidney mass (g) 1.4 +0.31 1.3+0.39 0.561
Kidney mass index (g/kg) 3.8+0.75 3.8+0.97 0.928
Kidney volume (cm?) 1.6 +0.22 1.6 +0.26 0.924
Kidney volume index (cm®¥kg) 43041 4.4+0.26 0.385
Cortical/medullar ratio (%) 60.9 +6.3 59.3+20 0.537
Cortical Volume (cm?) 1.0+ 0.16 0.9+0.16 0.497
Vv[Glom] (%) 6.2+0.9 6.2+0.7 0.931
VWGV (104 pmd) 155.8 +18.8 154.6 + 8.3 0.881
Glomeruli per kidney (109) 411 £10.1 379+6.8 0.512
Length of foot process (nm) 327.1 £53 304.7 £ 40 0.475

Data expressed as mean + SD; Vv[Glom], glomerular volume density; VWGV, volume weighted mean glomerular volume.
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membrane, which showed no statistical difference
between the two groups (Table-1).

Oxidative stress analyses

The mean concentrations of MDA and
Protein Carbonyl are shown in Figures 2 and 3
respectively. No statistical difference was found
between Sham and Pp groups.

DISCUSSION

Since the beginning of laparoscopy, phy-
siologic alterations induced by Pp have been a
concern and as such have been widely studied.
However, following the advent of laparoscopic
live donor nephrectomy, studies have focused
on renal function, especially with regard to graft
quality and the preservation of adequate function
in the remaining kidney in the live donor (1).

The rat is the most used animal model for
studies on Pp, and the most commonly working
Pp pressures used in humans (12 - 15 mmHg) are

usually applied to this experimental animal. It
should be pointed out, however, that when these
pressures were used (3-6), there were no data on
whether they would induce in the rat the same
physiological responses they do in humans. Inde-
ed, it has later been demonstrated (7) that Pp at
pressures higher than 8 mmHg in rats does not
simulate the usual working pressures employed
in humans. Therefore, 8 mmHg was used in the
present study based on this recent knowledge on
the equivalence of Pp pressures between rats and
humans. Also, it was demonstrated that intra-ab-
dominal pressures of 10 mmHg or higher cause
severe acidosis in rats (18), suggesting that this
species is more sensitive to Pp than humans. More
information is still necessary to better correlate
the intra-abdominal pressures between humans
and animal models. The present knowledge sug-
gests that 8mmHg in the rat would correspond to
a high working pressure in humans, but the im-
precise correlation of pneumoperitoneum between
the species is a limitation of this work.

Figure 1 - Electron micrographs of glomeruli showing no difference in podocyte morphology between the sham (A and B) and
pneumoperitoneum (C and D) groups. Scanning electron microscopy (A and C); Transmission electron microscopy (B and D).




Figure 2 - Malondialdehyde concentration in renal tissue of
rats submitted to 8 mmHg pneumoperitoneum for 3 hours.
The bars represent men and standard deviation. The means
are not significantly different (t test, p= 0.871).
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Morphological changes of the rat renal tis-
sue submitted to Pp have been analyzed during the
last years, and controversial results were obtained.
Although Yilmaz et al. (4) showed renal histologi-
cal changes in rats submitted to Pp at 15 mmHg,
other authors reported that 12 and 15 mm Hg Pp do
not result in renal damage in rats (19,20). Also, in
studies with a rat model of laparoscopic live donor
nephrectomy both donor and recipient kidney spe-
cimens did not show any deleterious effects from
abdominal insuflattion after two weeks (21) or one
year (22). It should be pointed out that these stu-
dies employed simple histological observation or
histopathological grading systems to evaluate the
morphological changes, all of which are affected
by subjective interpretations by the observer. This
might explain the disparity between the results of
different investigators. In contrast, the findings of
the present study are based on objective unbiased
stereological methods which yield reproducible nu-
merical results and allow more robust statistical
comparisons (23).

A recent study showed that there is a po-
sitive correlation between the number of apoptotic
cells in renal cortex and medulla and the increase of
the intraperitoneal pressure and Pp exposure time
in the rat model (24). Even under 8mmHg pressu-
re, the kidney in an isolated chamber diminishes
the urinary output and presents a higher number
of apoptotic cells (25). The present study showed
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Figure 3 - Protein carbonyl concentration in renal tissue of
rats submitted to 8 mmHg pneumoperitoneum for 3 hours.
The bars represent men and standard deviation. The means
are not significantly different (t test, p=0.893).
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that any alteration, which may be caused by a Pp
at 8 mmHg, did not affect the number of glomeruli
per kidney in rats after long term evaluation, even
in a prolonged Pp model. The apoptotic cells in the
previous study (24) can be mostly tubular cells whi-
ch can heal or be replaced after injury, and by this
way, the nephron as a whole can still be preserved.

The present study investigated the morpho-
logical aspects of foot processes in the podocytes,
which constitute an important component of the
glomerular filtration barrier, restricting the trans-
port of proteins and solutes to the urine. Podocyte
effacement is associated with loss of slit diaphragm,
leading to proteinuria and loss of kidney function.
Podocyte effacement is a common event observed
in a number of glomerular diseases, including renal
ischemia (26).

Some authors proposed that the diminished
renal blood flow during Pp and its return to normal
flow after deflation leads to an ischemia and reper-
fusion injury (3,4,27,28). Hence, Pp would induce
changes in podocyte morphology that were not seen
in the present study. The glomerulus is considerably
more sensitive to oxidative injuries than any other
nephron segments (9). Nevertheless, no morpholo-
gical or numerical changes in this structure were
found after 3 hours of Pp at 8 mmHg. Possibly, only
under higher intra-abdominal pressures, which do
not simulate routine working pressures employed
in humans, these alterations could be seen.



An interesting study reported that renal
blood flow did not decrease under 5 or 10mmHg in-
tra-abdominal pressures in rats, but decreased under
15mmHg (29). This may explain previously findings
with higher pressures used in this animal model.

As an ischemia and reperfusion injury, the
Pp have been related to increased oxygen reactive
species in the kidney (6) and different methods to di-
minish the oxidative stress were described in animal
models, including melatonin (3), erythropoietin (5)
pre-conditioning (28) and verapamil (30). Although
the aforementioned authors have showed lipid pe-
roxidation and protein oxidation in renal tissue, the
intra-abdominal pressure used by these authors was
always higher than 8 mmHg, which corresponds to
more than 15 mmHg in humans (7). In the present
study, a prolonged Pp at 8 mmHg did not induce
oxidative stress in the renal tissue in rats.

In summary, this study demonstrated that
even with a prolonged period, a Pp at 8 mmHg did
not induce oxidative stress or morphological chan-
ges in the rat kidney. Since more complex surge-
ries have been performed by laparoscopy and pa-
tients are submitted to more than 3 hours of Pp, a
deep knowledge on possible renal damage caused
by prolonged Pp could be established to determine
when protective methods should be used.

ABBREVIATIONS

Pp: Pneumoperitoneum

HE: Hematoxylin and eosin

CV: Cortical volume

Vv|[glom]: Glomerular volume density

VWGYV: Volume weighted mean glomerular volume
MDA: Malondialdehyde
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ABSTRACT

Objective: During partial nephrectomy, renal hypothermia has been shown to decrease
ischemia induced renal damage which occurs from renal hilar clamping. In this study
we investigate the infusion rate required to safely cool the entire renal unit in a porcine
model using retrograde irrigation of iced saline via dual-lumen ureteral catheter.
Materials and Methods: Renal cortical, renal medullary, bowel and rectal temperatures
during retrograde cooling in a laparoscopic porcine model were monitored in six renal
units. Iced normal saline was infused at 300 cc/hour, 600 cc/hour, 1000 cc/hour and gra-
vity (800 cc/hour) for 600 seconds with and without hilar clamping.

Results: Retrograde cooling with hilar clamping provided rapid medullary renal co-
oling and significant hypothermia of the medulla and cortex at infusion rates >
600 cc/hour. With hilar clamping, cortical temperatures decreased at -0.9° C/min.
reaching a threshold temperature of 26.9° C, and medullary temperatures decreased
at -0.90 C/min. reaching a temperature of 26.1° C over 600 seconds on average for
combined data at infusion rates > 600 cc/hour. The lowest renal temperatures were
achieved with gravity infusion. Without renal hilum clamping, retrograde cooling
was minimal at all infusion rates.

Conclusions: Significant renal cooling by gravity infusion of iced cold saline via a duel
lumen catheter with a clamped renal hilum was achieved in a porcine model. Continuous
retrograde irrigation with iced saline via a two way ureteral catheter may be an effective
method to induce renal hypothermia in patients undergoing robotic assisted and/or lapa-
roscopic partial nephrectomy.
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For the treatment of small renal masses, ne-
phron sparing surgery has been shown to provide
long-term benefits compared to radical nephrec-
tomy (1). Subsequently, partial nephrectomy has
become the treatment of choice for patients with
small, organ confined renal tumors (2,3). Compared
to open nephron-sparing surgery, laparoscopic and
robotic assisted partial nephrectomy provides the
additional benefits of decreased pain medication re-
quirements, shorter hospital stay, more rapid return
to full activity and improved cosmetic results (4) in
addition to offering equal cancer control (5).
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During partial nephrectomy, renal hy-
pothermia has been shown to decrease ischemia
induced renal damage and minimize reperfusion
injury, which occurs from renal hilar clamping (6-
8). The benefits of renal hypothermia were first
described by Ward et al., who found the optimal
temperature for reno-protective effect during tem-
porary ischemia is between 15 - 20° C (9). Sub-
sequent researchers have evaluated the cellular
mechanisms by which renal hypothermia protects
against serious long term renal damage (10). Whi-
le cold ischemia is easily applied during open ne-
phron sparing surgery, it is technically difficult to
implement in laparoscopic and robotic approaches



due to difficulty in introducing and maintaining
ice slurry via trocars (11).

Several authors have described alternati-
ve methods of inducing renal hypothermia during
laparoscopic partial nephrectomy with resultant
decreases in warm ischemia related kidney injury
(12-17). Retrograde ureteric renal perfusion coo-
ling was one of the first alternative cooling me-
thods described in 2002 by Landman et al. (18).
Using a ureteral access sheath, ice cold saline was
infused to cool the kidney from the collecting sys-
tem outward to the cortex (18). Further attempts
to refine the technique utilized a different ure-
teral catheters (19). While previous studies have
demonstrated the feasibility of retrograde renal
hypothermia, potential complications and limited
data concerning technical considerations have li-
mited its application clinically (20).

We recently reported a head-to-head com-
parison of ice slurry surface cooling and retro-
grade perfusion cooling employing a dual lumen
ureteral catheter to investigate the effects on the
renal cortex, medulla, and surrounding viscera
(21). We found both methods were able to equally
and effectively cool the kidney in an off-clamp
animal model (21). In the current study, we com-
pare and identify the optimal infusion rate requi-
red to safely cool the entire renal unit, in a porci-
ne model using retrograde irrigation of iced saline
via dual-lumen ureteral catheter. In addition, we
assess regional cooling temperatures, and com-
pare the ability of retrograde cooling with hilar
clamping to an unclamped renal model.

MATERIALS AND METHODS

After approval from the Institutional Ani-
mal Use Committee, we performed a study mo-
nitoring renal temperatures during retrograde
cooling in a laparoscopic porcine model. A rectal
temperature probe and three digital percutaneous
temperature probes were used to monitor core
body and renal temperatures in 6 renal units.

In the lateral decubitus position, pneumo-
peritoneum using a Veress needle was achieved
with subsequent placement of a 12mm camera
port. Two subsequent ports were placed, and the
kidney was dissected free from Gerota’s fascia.
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The renal collecting system was cannulated with a
12/14 Fr dual lumen ureteral catheter (Cook Medi-
cal, Inc., Bloomington, IN). This was accomplished
by transecting the distal ureter and subsequently
performing an open ureterostomy. We intubated
the ureter with a 12/14 FR dual lumen catheter
and advanced it to the renal pelvis (Figure-1). At-
tempts at cannulating the ureter laparoscopically
were unsuccessful. A digital temperature probe
(Dostmann Electronic KG., Mannheim, Germany)
was inserted percutaneously into the cortical tis-
sue of the kidney at a depth of 1cm, and ano-
ther was inserted into the medulla at a depth of
2.5cm (Figure-2). A third probe was placed in the
most dependant portion of bowel loops to capture
serosal temperature changes. A continuous rec-
tal probe was used to monitor the animal’s core
body temperature. Iced normal saline (temperature
range 1.0° C - 1.3° C) was then infused via diffe-
rent rates (gravity at a height of 150 cm above
the kidney, 300 cc/hour, 600 cc/hour, 1,000 cc/
hour) through the distal port of the double lumen
catheter and allowed to drain via passive run-off
from the proximal port. Our gravity infusion rate
was calculated to be approximately 800cc/second.

Renal cortical, renal medullary, bowel and
rectal temperatures were monitored continuously
and values were recorded during each of the di-
fferent infusion rates, in 30 second intervals, (n
= 20) for 600 seconds. Trials were repeated in 6
renal units and temperatures for the 6 renal units
were combined to one data set. In addition, half of
the 6 renal units were exposed to retrograde coo-
ling with renal hilar clamping and the other half
were exposed to retrograde cooling without hilar
clamping. All trials were separated by a warming
phase, returning (core, renal, bowel) temperatures
to baseline. The collecting system was not entered
in any of the trials.

Renal cortical and medullary temperature
data points were obtained with each rate of re-
trograde infusion (with and without hilar clam-
ping). Statistical analysis was performed to iden-
tify which of the infusion rates achieved optimal
renal cooling. In addition, the maximal rate at
which renal hypothermia was achieved during
retrograde cooling with hilar clamping was com-
pared to cooling temperatures achieved without
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Figure 1 - Set-up for laparoscopic ports and dual lumen ureteral catheter in the porcine model.

Figure 2 - Temperature probes in the cortical and medullary tissue of the kidney.
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clamping. Statistical analysis was performed
using SPSS statistical software for windows ver-
sion 16.0 (Chicago: SPSS Inc).

RESULTS

To review outcomes of renal cortical and
medullary temperatures without hilar clamping,
we compiled the results into two groups, low
infusion rates (less than 600 cc/hour) and high
infusion rates (equal to or greater than 600 cc/
hour). During ice cold saline infusion (while the
renal hilum was not clamped), cortical tempera-
ture change for low infusion rates was -0.006° C/
min., reaching 35.1° C, within 600 seconds, while
medullary temperatures displayed -0.09° C/min.
over the same rates, reaching a threshold tempe-
rature of 34.9° C. When the infusion rates were
high, cortical temperatures decreased -0.02° C/
min., reaching 34.3° C within 600 seconds, and
medullary temperature change was -0.02° C/min.
and reached 34.5° C in 600 seconds. Overall, du-

ring ice cold saline infusion without renal hilum
clamping, retrograde cooling was minimal at both
high and low infusion rates.

Retrograde cooling with hilar clamping
provided rapid medullary renal cooling and sig-
nificant hypothermia of the medulla and cortex
at high infusion rates. Cortical temperatures de-
creased at -0.9° C/min. reaching a threshold tem-
perature of 26.9° C, and medullary temperatures
decreased at -0.9° C/min. reaching a temperatu-
re of 26.1° C over 600 seconds on average for
combined data at high infusion rates with hilar
clamping. Table-1 for summary of results of re-
trograde cooling at low and high infusion rates
with hilar clamping.

Hilar clamping provided more rapid and
more effective cooling than non-hilar clamping.

Figures 3a-c: graphs of infusion time ver-
sus temperature at infusion rates of: 600cc/hour,
1,000 cc/hour, and gravity (infusion = 800cc/
hour) with the renal helium clamped. Results
with the renal hilum unclamped, and at infusion

Table 1 - Retrograde cooling for low and high infusion rates with hilar clamping.
Infusion rates < 600cc/hour Infusion rates > 600cc/hour

Rectum Medulla Cortex Rectum Medulla Cortex
Starting Temp (°C) 35.3 34.6 34.4 36.0 35.4 357
Final Temp (°C) 35.2 34.5 34.4 35.4 26.1 26.9
Velocity to Final (°C /min.) -0.01 -0.01 -0.005 -0.06 -0.94 -0.88
Time to Final Temp (seconds) 600 600 600 600 600 600
Coldest Temp (°C) 35.2 345 34.3 354 26.1 26.9
Velocity to Coldest (°C /min.) -0.02 -0.02 -0.02 -0.06 -0.94 -0.98
Time to Coldest Temp (sec.) 405 465 360 600 600 555
Total Temp Change (°C) -0.1 -0.1 -0.05 -0.6 9.4 -8.8
Avg Temp 0 - 300sec (°C) 35.3 34.5 34.4 35.6 32.8 32.0
Avg Temp 300 - 600sec (°C) 35.2 345 343 35.4 27.2 27.6
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Figure 3A - Temperature versus infusion time with hilar clamped (infusion rate = 600 cc/hour).
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Figure 3B - Temperature versus infusion time with hilar clamped (infusion rate = 1000 cc/hour).
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Figure 3C - Temperature versus infusion time with hilar clamped (infusion rate by gravity).
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rates below 600 cc/hour have not been displayed
because changes in temperature were minimal.
Gravity infusion provided the fastest decline and
coldest renal temperatures, with cortical tempera-
tures decreasing -0.9° C/min. reaching a threshold
temperature of 26.7° C over 600 seconds, and me-
dullary temperatures decreasing -1.13° C/min. re-
aching a temperature of 23.2° C over 600 seconds.

In summary, as the rate of iced saline in-
fusion increased from 300 to 600 cc/hour, cooling
was more effective and the kidney was able to
achieve reduced temperatures. Also hilar clamping
provided more rapid and more effective cooling
than non-hilar clamping. Retrograde cooling wi-
thout hilar clamping demonstrated a pattern with
significantly less cortical and medullary renal
temperatures compared to retrograde cooling with
hilar clamping. To review overall outcomes of re-
nal cortical and medullary temperatures with and
without hilar clamping, we compiled the results
into two groups, temperatures reached within 300
seconds and temperatures reached after 300 se-
conds (Table 2).

Prior to cooling, baseline porcine kidneys
temperature was 35.6° C. The animal’s average
initial temperature was 35.6° C, and the average
final core body temperature was 35.0° C. Bowel
temperatures decreased more significantly in the
surface cooling method. Starting at 35.0° C, a
2.78° C decrease was noted after 10 minutes of
surface cooling. Retrograde cooling demonstrated
a 0.56° C decline in bowel serosa temperatures.

Table 2 - Retrograde cooling with and without hilar clamping
for infusion rates greater than 600 cc/hour.

Without clamping of renal hilum Medulla  Cortex
Average Temp 0 - 300 seconds (°C) 34.9 34.7
Average Temp 300 - 600 seconds (°C) 349 34.7
With clamping of renal hilum Medulla  Cortex
Average Temp 0 - 300seconds (°C) 33.6 32.9
Average Temp 300 - 600seconds (°C) 30.8 30.6

42

DISCUSSION

The renal cortex and medulla are vulnera-
ble to ischemia related damages (10). Tissue ische-
mia causes the release of multiple inflammatory
and vasoactive products causing further tissue
damage. Continued hypoxia leads to cell death
(10). Because renal metabolic activity is almost
completely suspended at temperatures of 5° C to
20° C, the goal of renal hypothermia is to redu-
ce the temperature of the renal unit within this
range to minimize ischemia related tissue injury
(10). Previous studies suggest that if warm ische-
mia time is less than 20 minutes long term renal
damage is minimal (11). However, recent publica-
tions suggest that every minute of warm ischemia
can affect the risk of developing stage IV chronic
kidney disease (11). Hence, the duration of warm
ischemia without long-term renal damage conti-
nues to remain a subject of debate.

Previous authors have described various
methods of renal cooling during laparoscopic
partial nephrectomy, including intraoperative
peri-renal ice slush (12) or cool saline irrigation
(13-19), arterial infusion of cooled saline (22,23).
When employed, authors found a decreased in
ischemic nephron damage following renal vessel
clamping in animal and/or human subjects. Initial
studies evaluating retrograde renal cooling during
a partial nephrectomy were first described in 2002
by Landman et al. (18). Compared to our method
of cold saline irrigation via a dual lumen ureteral
catheter, Landman’s technique included instilling
the iced saline via an access sheath and draining
the saline by a 7Fr pigtail catheter during open
partial nephrectomies. He was able to achieving
renal cortical temperatures of 24° C and medullary
temperatures of 21° C. Furthermore, histopatholo-
gic evaluation of the specimen revealed no asso-
ciated damage to the collecting system urothelium
from exposure to ice-cold saline irrigation (19).
This initial study supported further investigation
of retrograde cooling during laparoscopic proce-
dures. Naya et al. (24) published a comparison of
renal cooling techniques used during laparosco-
pic partial nephrectomy in a porcine model. Seven
kidneys were cooled using ice slush alone, and
seven were cooled using peri-renal circulation of



cooled saline, and seven were cooled using irri-
gation of the collecting system with cooled saline
after ice slush was placed around the kidney. They
found that continuous irrigation of the collecting
system with surrounding ice slush resulted in the
lowest temperature at 60 min. and the longest du-
ration of cooling below 20° C. (24). Furthermore,
a study by Schuler (25) found regardless of whe-
ther arterial or arteriovenous clamping is perfor-
med, retrograde intrarenal cooling can reliably
cool the porcine kidney to 28° C, and renal pO,
is not significantly different between kidneys that
undergo artery only versus en bloc hilar clamping
(25). Of note, Formiga, et al. (26) found clamping
artery only and arteriovenous intermittent clam-
ping methods were less deleterious to the kidney
and had superior overall outcomes compared to
continuous arteriovenous clamping (P < 0.001).

In 2003, Gill et al. (12) described a purely
laparoscopic technique of renal hypothermia with
ice slush. Gill was able to deliver ice slush in twel-
ve partial nephrectomies, by introducing the ice
through a laparoscopic bag to surround the kidney
and essentially replicate standard open surgical
practice (12). This method proved to be technically
difficult and never became widely used in clinical
practice. In 2007, Shikanov (27) performed a pilot
study, assessing the feasibility of providing renal
hypothermia in the porcine model by delivering
microparticulate ice slurry during laparoscopy.
This study showed efficient and rapid induction
of renal hypothermia using microparticulate ice
slurry delivered through 5 mm laparoscopic ports
via laparoscopic suction/irrigators (25). Leeb et al.
(2004) demonstrated a technique of arterial infu-
sion of cooled saline during partial nephrectomy
(22). However, placement of an intra arterial co-
oling catheter required additional operative and
anesthesia time and never became widely used. In
2009, Madras et al. (23) developed a technique for
angiographic delivery of the novel intra-arterial
thermoplastic gel that allows temporary selective
vascular occlusion with normal perfusion of the
remaining kidney. This pilot study showed selecti-
ve lower pole ischemia was able to be achieved in
the porcine model (23). Further investigations are
needed to evaluate the feasibility of ice slurries
and gels on a large scale.
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While these previously described methods
of renal cooling have shown promise in impro-
ving outcomes, they have several limitations wor-
th mentioning. First renal cooling with ice slush
was reported to produce slightly prolonged opera-
tive times in porcine models. Also, peri-renal ice
slush must be constantly replenished to achieve
and maintain the desired effect. Significant volu-
mes of ice slush within the abdomen may obscure
the operative field and potentially cause a decre-
ase in core temperature with associated adverse
outcomes (24). In addition, it is difficult to contain
the ice slush around the kidney in a controlled
fashion and not have run off irrigation or slush
to the bowel while performing laparoscopic sur-
gery (20). Finally, studies have shown that expo-
sure of the renal surface with ice slush for longer
than 35 minutes is associated with worsening post
operative renal function (14-17). Also placement
of a ureteral access sheath has it's own unique
risk of potential ureteral perforation when passing
the access sheath (19). The technique of intra-
-arterial infusion of cold saline through the renal
vasculature carries the risk of fluid overload due
to excessive intravascular fluid (22). Furthermo-
re, placement of the intra-arterial cooling catheter
required additional operative and anesthesia time
and increased operative cost (23).

The goals of our study were to evaluate
retrograde cooling as a method to induce renal
hypothermia in an ex-vivo setting. The results of
our ex-vivo study suggest that circulation of ice-
-cold saline via a duel lumen catheter is feasible
and effective in lowering renal cortical temperatu-
re within a range known to have a renal protective
effect in a porcine model. Our study differs from
previous attempts at retrograde cooling in that a
ureteral access sheath is not employed, minimi-
zing risk of ureteral dilation in a solitary kidney
as well as potential ureteral perforation in pas-
sing the access sheath. This study also evaluated
the safest and most effective means to administer
retrograde cooling. We tested different rates of re-
trograde ice cold saline infusion, both with and
without hilar clamping. We found rapid gravity
infusion, with hilar clamping resulted in the co-
olest and most rapid method to achieve effective
retrograde cooling.



This study has several limitations that war-
rant mentioning. First, our study is limited by the
small number of subjects. As a result, our findings
may over or understate the actual impact of re-
trograde cooling on post-operative renal function.
Furthermore, we did not demonstrate hypothermic
renal temperatures could be maintained, by retro-
grade cooling, after violation of the collecting sys-
tem (as may occur during a partial nephrectomy).
In addition, with retrograde cooling, we were only
able to achieve renal (medullary) temperatures of
23.2° C and not able to consistently achieve tempe-
ratures less than 20° C. The ultimate impact of not
achieving prolonged cold ischemia temperatures
less than 20° C is unknown. Finally, our analy-
sis would benefit from a case control design, with
direct comparison to similar subjects undergoing
partial nephrectomy without retrograde cooling.
Future studies should also include evaluation of
long-term measures of renal function after retro-
grade cooling, including serum creatinine and nu-
clear medicine renal scans.

CONCLUSIONS

The goal of our study was to investiga-
te whether retrograde circulation of cold saline
is an effective means of renal cooling that may
be utilized during laparoscopic or robotic partial
nephrectomy with hilum clamping. Renal hypo-
thermia provides a nephro-protective effect which
could preserve nephron tissue during ischemia and
potentially improve post-operative morbidity in
patients with significantly impaired preoperative
renal function. We found the optimal method to
achieve renal hypothermia is by gravity infusion
of iced cold saline via a duel lumen catheter, with a
clamped renal hilum. We propose that continuous
retrograde irrigation of the collecting system with
iced saline via a two way ureteral catheter is a sim-
ple, safe and effective method to induce renal hy-
pothermia in a low pressure system which may be
particularly beneficial for patients undergoing ro-
botic assisted and/or laparoscopic partial nephrec-
tomy with hilum clamping. Additional studies on
the benefits and techniques of achieving renal hy-
pothermia during laparoscopic and robot-assisted
surgery in humans are warranted.
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ABSTRACT

ARTICLE INFO

Aims: Describe the impact of surgery, radiotherapy and chemoradiation in the pelvic
floor functions in cervical cancer patients.

Materials and Methods: A prospective study with women submitted to radical hysterec-
tomy (RH) (n = 20), exclusive radiotherapy (RT) (n = 20) or chemoradiation (CT/RT) (n =
20) for invasive cervical cancer. Urinary, intestinal and sexual function, as well as va-
ginal length and pelvic floor muscle contraction were evaluated. Comparisons between
groups were performed by Kruskal-Wallis and Chi-square tests (p < 0.05).

Results: The groups were similar in stress urinary incontinence incidence (p = 0.56),
urinary urgency (p = 0.44), urge incontinence (p = 0.54), nocturia (p = 0.53), incomplete
bowel emptying (p = 0.76), bowel urgency (p = 0.12) and soilage (p = 0.43). The CT/
RT group presented a higher urinary frequency (p < 0.001) and diarrhea (p = 0.025).
Patients in the RH group were more sexually active (p = 0.01) and experienced less
dyspareunia (p = 0.021). Vaginal length was shorter in RT group (5.5 + 1.9 cm) and CT/
RT(5.3 + 1.5 cm) than in the RH group (7.4 + 1.1 cm) (p < 0.001). Pelvic floor muscle
contraction was similar (p = 0.302).

Conclusions: RT and CT/RT treatment for cervical carcinoma are more associated to
sexual and intestinal dysfunctions.
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INTRODUCTION

Cancer of the cervix is the second most
common cancer among women worldwide, with
an estimated 493,000 new cases and 274,000 de-
aths (1). Being the most common gynaecological
cancer in the developing world, it accounts for
two-thirds of cases and continues to be a serious
health problem (1). The introduction of screening
programs has resulted in the earlier detection of
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the disease (2) leading to the majority of cervi-
cal carcinoma patients diagnosed at a relatively
young age. Most of them live for many years with
sequelae of the disease and its treatment (3).

The primary treatment for patients with
cervical cancer depends on a variety of factors,
including staging, tumor characteristics, comor-
bid medical conditions, and patient and provider
preference (4). Radical hysterectomy (RH) and ra-
diotherapy (RT) are effective treatment options for



patients with cervical cancer (5). The addition of
chemotherapy to radiotherapy (chemoradiation -
CT/RT) results in an absolute improvement in ove-
rall survival and a significant reduction in local
recurrence for all stages of disease (6-8).
Traditionally, oncologists have focused
their efforts on maximizing the overall survival
rate of their patients (4). However, when different
treatment options result in equivalent clinical ou-
tcomes, quality of life (QoL) considerations become
particularly important (4). In the management of
cervical cancer, attention has turned to reducing
morbidity, especially those related to the pelvic or-
gans (2). Pelvic floor dysfunction describes a range
of impairments to one or more of the pelvic floor
compartments, i.e., the urinary, anorectal, and ge-
nital systems as well as to the pelvic floor mus-
cles (2). Autonomic nerve damage during surgery
is thought to play a crucial role in the etiology of
the pelvic floor dysfunctions that can be seen after
RH (9). RT is associated to fibroelastic and mus-
cle alterations (10-12). Moreover, RT and CT can
cause ovary failure and early menopause, leading
to a decrease in vaginal lubrication and elastici-
ty as well as on the strength of the pelvic floor
muscles (13). Although CT/RT treatments increase
the chances of some serious acute toxicity, parti-
cularly hematologic and gastrointestinal, few trials
measured late toxicity, and reported QoL outcomes
(6,14). The investigation of the impact of different
types of treatment for cervical cancer on the pel-
vic floor function and QoL of women, might offer
relevant information to support oncologists’ deci-
sion about the best intervention for the patient in
question. Therefore, a prospective study was de-
signed to describe the occurrence of pelvic floor
dysfunction in women treated for cervical cancer
as well as to investigate the impact of the type of
treatment on the occurrence of pelvic floor dys-
functions in women who survived cervical cancer.

MATERIALS AND METHODS

Cancer of the cervix is the second most
common cancer among women worldwide, with
an estimated 493,000 new cases and 274,000 de-
aths (1). Being the most common gynaecological
cancer in the developing world, it accounts for
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two-thirds of cases and continues to be a serious
health problem (1). The introduction of screening
programs has resulted in the earlier detection of
the disease (2) leading to the majority of cervi-
cal carcinoma patients diagnosed at a relatively
young age. Most of them live for many years with
sequelae of the disease and its treatment (3).

The primary treatment for patients with
cervical cancer depends on a variety of factors,
including staging, tumor characteristics, comor-
bid medical conditions, and patient and provider
preference (4). Radical hysterectomy (RH) and ra-
diotherapy (RT) are effective treatment options for
patients with cervical cancer (5). The addition of
chemotherapy to radiotherapy (chemoradiation -
CT/RT) results in an absolute improvement in ove-
rall survival and a significant reduction in local
recurrence for all stages of disease (6-8).

Traditionally, oncologists have focused
their efforts on maximizing the overall survival
rate of their patients (4). However, when diffe-
rent treatment options result in equivalent clini-
cal outcomes, quality of life (QoL) considerations
become particularly important (4). In the mana-
gement of cervical cancer, attention has turned
to reducing morbidity, especially those related
to the pelvic organs (2). Pelvic floor dysfunction
describes a range of impairments to one or more
of the pelvic floor compartments, i.e., the urinary,
anorectal, and genital systems as well as to the
pelvic floor muscles (2). Autonomic nerve dama-
ge during surgery is thought to play a crucial role
in the etiology of the pelvic floor dysfunctions
that can be seen after RH (9). RT is associated to
fibroelastic and muscle alterations (10-12). Mo-
reover, RT and CT can cause ovary failure and
early menopause, leading to a decrease in vaginal
lubrication and elasticity as well as on the streng-
th of the pelvic floor muscles (13). Although CT/
RT treatments increase the chances of some se-
rious acute toxicity, particularly hematologic and
gastrointestinal, few trials measured late toxicity,
and reported QoL outcomes (6,14). The investiga-
tion of the impact of different types of treatment
for cervical cancer on the pelvic floor function
and QoL of women, might offer relevant infor-
mation to support oncologists’ decision about the
best intervention for the patient in question. The-



refore, a prospective study was designed to des-
cribe the occurrence of pelvic floor dysfunction
in women treated for cervical cancer as well as
to investigate the impact of the type of treatment
on the occurrence of pelvic floor dysfunctions in
women who survived cervical cancer.

Statistical analysis

The data was prospectively collected, digi-
talized and saved in the SPSS program for Win-
dows version 16.0 (SPSS Inc., Chicago, IL, USA).
Comparisons between groups were performed
using the Kruskal-Wallis and the Chi-square tests.
Post hoc analysis was performed using the Tukey
test. The level of significance was set at p < 0.05.
The sample size of 20 participants per group was
defined as sufficient to avoid a difference superior
to 40% among the proportions, and to distinguish
the standard deviations from the differences in
the means among the groups, with a statistical
power of 80% and a confidence level of 95%.

RESULTS

The clinical stage of the tumor was I in 25
cases (41.7%), II in 12 (20%), III in 22 (36.7%) and
IV in one case (1.7%). The predominant histologi-
cal type of carcinoma was squamous cell carcino-
ma (88.3%), followed by adenocarcinoma (8.3%),
adenosquamous (1.7%) and others (1.7%). There
was no difference between groups regarding age,
number of pregnancies, menopause status, body
mass index and histological type of the tumor.
There were differences among groups regarding
the tumor clinical stage (p < 0.001), (Table-1).

The occurrence of stress urinary inconti-
nency (p = 0.563), mictional urgency (p = 0.449),
urge incontinency (p 0.549), mictional fre-
quency (p = 0.256), vesical pain (p = 0.61), recur-
rent urinary infection (p = 0.549) and nocturia
(p = 0.535) was similar between groups (Table-2).
There was also no difference regarding pre- and
post-treatment subjective perception of the urina-
ry function (p = 0.308) (Figure-1A).

Table 1 - Patient’s clinical characteristics according to treatment type.

RH RT CT/RT p

(n = 20) (n = 20) (n = 20)
Age - years mean (SD) 50.3 (+ 6.4) 529 (x7.2) 51.5 (£ 7.6) 0.117
Parity mean (SD) 49 (+3.0) 4.8 (£4.0) 5.2 (+£3.0) 0.603
Menopause status number (proportion) 17 (85%) 18 (90%) 19 (95%) 0.908
Hormonal therapy number (proportion) 1(5%) 1 (5%) 0 0.986
BMI (Kg/m?) mean (SD) 26.3 (+ 4.6) 26.5 (+ 4.4) 25.8 (+ 3.5) 0.925
Stage (FIGO) <0.001
| 20 (100%) 5 (25%) 0
Il 0 9 (45%) 3 (15%)
Il 0 6 (30%) 16 (80%)
v 0 0 1(5%)

Note: RH = Radical Hysterectomy; RT = Radiotherapy; CT/RT = Chemoradiation. Groups’ comparison performed using the Kruskal-Wallis and the Chi-

square tests.
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Table 2 - Urinary symptoms according to treatment type.

RH (n = 20) RT (n = 20) CT/RT (n = 20) P

Stress incontinence 6 (30%) 9 (45%) 6 (30%) 0.563
Urgency 6 (30%) 12 (60%) 10 (50%) 0.449
Urge-incontinence 9 (45%) 12 (60%) 9 (45%) 0.549
Frequency 5 (25%) 10 (50%) 7 (35%) 0.256
Bladder pain 5 (25%) 10 (50%) 7 (35%) 0.61

UTl 6 (30%) 4 (20%) 7 (35%) 0.549
Nocturia 6 (30%) 6 (40%) 12 (60%) 0.535

Note: RH = Radical Hysterectomy; RT = Radiotherapy; CT/RT = Chemoradiation. Groups’ comparison performed using the Chi-square test.

There were significant differences between
the treatment types regarding the number of dai-
ly evacuations (p = 0.001) and diarrhea episodes
(p = 0.025). CT/RT treatment was positively cor-
related to frequency of evacuations and diarrhea
episodes compared to others groups of treatments.
Diarrhea was also significantly more frequent in
the RT group when compared to RH and CT/RT
(Table-3). There was no differences among groups
concerning the sensation of incomplete bladder
emptying (p = 0.766), evacuation urgency (p =
0.122) and soiling (p = 0.435), also in pre- and
post- treatment subjective perception of the intes-
tinal function (p = 0.124) (Figure-1B).

Active sex life was more frequent among
women submitted to RH (90%) than in women
submitted to RT (50%) and CT/RT (50%) (p = 0.01).
Additionally, a lower dyspareunia rate was obser-
ved in the RH group in comparison to the other two
groups (p = 0.021) (Table-4). No differences were
found among groups regarding a pleasant feeling
during sexual intercourse, excitement, orgasm,
passion, satisfaction, or number of weekly sexual
relations. There was no difference between groups
in pre- and post-treatment subjective evaluation of
the sexual function (p = 0.308) (Figure-1C).

The vaginal length was shorter in patients
submitted to CT/RT (5.3 + 1.5 cm) or RT (5.5 + 1.9
cm) when compared to the RH group (7.4 + 1.1
cm) (p < 0.001) (Figure-2).
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No differences were observed regarding
the contraction capacity of the pelvic floor mus-
cles between RH (2.9 + 1.2), RT (2.2 + 1.6) or CT/
RT (2.5 + 1.6) (p = 0.302) patients (Figure-3).

DISCUSSION

The effects of different types of treatment
for cervical carcinoma on the women'’s pelvic floor
functions have recently received some attention.
However studies are still scarce and heterogeneous
regarding research questions and methods. Despite
the trends towards multimodal treatment regimes,
to our knowledge, there are no clinical studies that
compare the side effects on the pelvic floor func-
tions between patients treated with RH, RT or CT/
RT for cervical cancer. The present study prospecti-
vely evaluated cervical cancer survivors and iden-
tified association between types of treatment and
pelvic floor dysfunctions. The impact on the pelvic
floor functions seems to depend more on the type
of treatment than on the stage of the tumor.

In conjunction, the occurrence of urinary
dysfunction in the investigated sample was not
different from women who did not undergo tre-
atment for cervical cancer. The International Con-
tinence Society reports prevalence between 25%
and 45%, indicating that the treatment types in-
vestigated in the present study did not contribute
to the increase of occurrence of symptoms of uri-



Figure 1 - Distribution of patients subjective perception of urinary (A), intestinal (B) and sexual (C) functions before and after
cervical cancer treatment.
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Table 3 - Intestinal symptoms according to treatment type.

RH (n = 20) RT (n = 20) QT/RT (n = 20) p
Sensation of incomplete bladder emptying 9 (45%) 9 (45%) 11 (55%) 0.766
Evacuatory urgency 0 3 (15%) 4 (20%) 0.122
Diarrhea 2 (10%) 9 (45%) 9 (45%) 0.025
Fecal soilling 6 (40%) 6 (30%) 10 (50%) 0.435
Evacuation episodes/day 0.85+0.15 1.5+0.3 21+0.2 0.001

Note: RH = Radical Hysterectomy; RT = Radiotherapy; CT/RT = Chemoradiation. Groups’ comparison performed using the Chi-square test.

Table 4 - Sexual symptoms according to treatment type.

RH (n = 20) RT (n = 20) CT/RT (n = 20) D
Pleasant 3.7+04 3.7+0.6 42+05 0.728
Excitement 3.3+0.45 3.4+0.6 4005 0.652
Orgasm 3.8+05 28+05 3.8+06 0.336
Passion 44+04 4107 52+05 0.414
Satisfaction 44+05 3.8+06 49:05 0.424
Pain 1.7+03 3607 29+05 0.021
Frequency 1.9+0.2 1.6+0.3 1.9+04 0.706

Note: RH = Radical Hysterectomy; RT = Radiotherapy; CT/RT = Chemo radiation. Groups’ comparison performed using the Kruskal-Wallis test.

Figure 2 - Vaginal length according to treatment type.
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Note: RH = Radical Hysterectomy; RT = Radiotherapy; CT/RT = Chemo

radiation. Groups’ comparison performed using the Kruskal-Wallis test.
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nary dysfunctions (14). The type of treatment did
also not influence urinary function. These results
are similar to those reported by Lin et al., 1998
who also did not find any differences in detru-
sor instability or bladder compliance in women
submitted to the RH and/or RT, evaluated by uro-
dynamics (19). Further studies involving similar
participants should be developed to corroborate
these findings.

Abnormal anorectal function occurs fre-
quently following pelvic irradiation for gynecolo-
gical malignant diseases. In the present study, RT
and CT/RT were associated with high rates of diar-
rhea and frequent evacuations. These results are
corroborated by others who have also documented



Figure 3 - Distribution of pelvic floor muscles contraction
(Oxford scale) according to treatment type.
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the side effects of pelvic radiation on defecation
(20,21). This is relevant because some data suggest
that acute toxicity and diarrhea during radiation
therapy of cervical carcinoma significantly in-
creased the risk of severe late toxicity, therefore,
affecting patient’s quality of life (22). Bile acid ma-
labsorption and bacterial overgrowth are frequen-
tly found in patients with chronic or intermittent
diarrhea (23). The reduced rectal reservoir capacity
and impaired sensory functions were crucial fac-
tors for functional disorder in such patients (12,24).
In addition, radiation damage to the external anal
sphincter muscle was considered to be an impor-
tant cause of motor dysfunction (12,24).

Most of the literature concerning sexual
functioning among cervical cancer patients has
focused on those with early stage disease. Qur fin-
ding that women who received RT or CT/RT had
increased levels of dyspareunia is consistent with
earlier studies (3,25,26). The decrease in vaginal
length may explain in part the increased dyspareu-
nia. Vaginal shortening can occur during the course
of intracavity and external irradiation (27-29). In
the present study the vaginal length was smaller in
patients submitted to CT/RT or RT when compared
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to the RH group. Although the sexual activity rate
is lower in RT and CT/RT groups, they are able to
enjoy sexual intercourse similar to patients after
surgery. The low sexual activity in cancer patients
is a limitation regarding the interpretation of sexu-
al function in this study. However, the results are
consistent with those previously reported (5).

Pelvic floor muscles dysfunction is corre-
lated with urinary, sexual, or gastroenterological
complaints and pelvic organ prolapse (30,31). Ho-
wever, in the present study, no differences were
observed regarding the capacity of pelvic floor
muscle contraction evaluated through bidigital
palpation. This result might be due to the good
capacity of the pelvic floor muscles contraction in
the sample investigated, since most women pre-
sented degrees of contraction higher than or equal
to 2 (weak) on the modified Oxford scale.

There was no difference regarding pre-
and post-treatment subjective perception of the
urinary, intestinal and sexual functions. The relief
resulting from the completion of potentially cura-
tive treatment may also have contributed to this
result despite changes in pelvic functions.

CONCLUSIONS

Our data suggest that RT and CT/RH are
associated to more sexual dysfunctions, as less
active sexual life and dyspareunia, and more in-
testinal dysfunctions, as constipation and also
diarrhea, after treatment for invasive cervical
carcinoma. Further studies are needed to deve-
lop techniques that will minimize the develop-
ment of sexual and intestinal dysfunction follo-
wing RT and CT/RT and to improve clinicians’
awareness of the prevalence and impact of these
symptoms on their patients’ functional status
and quality of life.
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ABSTRACT

Purpose: To report the prevalence and risk factors of penile lesions/anomalies in a
Metropolitan Brazilian city.

Materials and Methods: All participants undergoing prostate cancer screening in the
city of Curitiba were systematically examined to identify penile lesions including cuta-
neous mycosis, sexually transmitted diseases, penile cancer, meatal stenosis, hypos-
padias, and Peyronie’s disease. Outcomes of interest included the prevalence and the
relative risk and 95% confidence intervals of the lesions/anomalies according to age,
school level, race, personal history of diabetes, arterial hypertension, nonspecific ure-
thritis, and vasectomy.

Results: Balanoposthitis occurred in 11.8% of all participants, with an increased risk
in those with diabetes (RR = 1.73), or past history of nonspecific urethritis (RR = 1.58);
tinea of the penis was present in 0.2%j; condyloma acuminata in 0.5%; herpes virus
infection in 0.4%; urethral discharge in 0.2%; genital vitiligo in 0.7%, with an increa-
sed prevalence in non-white men (RR = 4.43), and in subjects with lower school level
(RR = 7.24); phimosis in 0.5%, with a nearly 7-fold increased risk in diabetics; lichen
sclerosus in 0.3%; stenosis of the external urethral meatus in 0.7%, with a higher pre-
valence in subjects with lichen sclerosus (RR = 214.9), and in those older than 60 years
of age (RR = 3.57); hypospadia in 0.6%; fibrosis suggestive of Peyronie’s disease in
0.9%, especially in men older than 60 years (RR = 4.59) and with diabetes (RR = 3.91);
and penile cancer in 0.06%.

Conclusion: We estimated the prevalence and risk factors of commonly seen penile
diseases in an adult cohort of Brazilian men.
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INTRODUCTION

Genital lesions/anomalies are commonly
seen in the office practice. Although these lesions
are frequently referred to urologists, they are often
discovered incidentally during physical examina-
tion by various other specialists including general
physicians and surgeons.
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The prevalence of genital lesion/anomalies
is difficult to estimate. Results differ according to
age, gender, racial/ethnic influences, geographic
location, comorbidities, and socioeconomic status
of the patient. The setting in which the study is
conducted (based in the population/community or
hospital/clinic setting), the type of study (retros-
pective or prospective), and the type of diagnostic



assessment (clinical, laboratorial, or by imaging
studies) also influence prevalence levels.

Epidemiological studies are important be-
cause they contribute to the appropriate approach
of the conditions, improving awareness, promo-
ting educational practices and preventive mea-
sures, and expediting treatment. They may also
allow for intra- and inter-country comparisons,
temporal variations between different ages and
time periods, and to guide future research eva-
luating pathogenesis, etiology and risk factors of
these diseases.

Prospective epidemiological studies about
common genital diseases are limited worldwide,
with only scant reports from Brazil. The objective
of this manuscript is to report the prevalence and
risk factors of penile lesions/anomalies collected
prospectively in a cohort of participants in the
Metropolitan Brazilian City of Curitiba.

MATERIALS AND METHODS

Between December 2006 and April 2011,
1731 subjects were included in this research. Par-
ticipants were men aged 40 years or older under-
going outpatient urologic evaluation in the City of
Curitiba (PR) as part of a free prostate cancer scre-
ening program conducted by the City employees’
Health Care System. The study protocol was re-
viewed and approved by the Institutional Ethics
Committee on Human Research (registry number
2253.147/2010-06).

During evaluation, participants were clas-
sified by a single examiner as white, or non-white
(including brown or black) race; they answered a
general questionnaire including age, school level,
personal history of diabetes or arterial hyperten-
sion, and past history of nonspecific urethritis or
vasectomy (Table-1); and were offered a complete
genital-pelvic examination.

Urological examination was standardized
as follows, and it was performed in all participants
in the supine position by a single examiner. Penile
inspection with prepuce retraction was performed
to identify cutaneous lesions including balano-
posthitis, sexually transmitted diseases (STDs),
penile cancer, and other infectious/inflammatory,
hypochromic or hyperchromic lesions. Lesions/
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anomalies of the urethral meatus such as meatal
stenosis and hypospadia were also registered, and
the penile shaft was palpated for areas of thicke-
ning or fibrosis suggestive of Peyronie’s disease.

Outcomes of interest included the preva-
lence of penile lesions/anomalies, and the relative
risk (RR) and 95% confidence intervals (95% CI) of
the lesions/anomalies according to age (> 60 vs. <
60 years), school level (elementary school or lo-
wer vs. high-school or higher), race (non-white vs.
white), personal history of diabetes, arterial hyper-
tension, nonspecific urethritis, and vasectomy (yes
vs. no, to all). Statistics were calculated using the
Fisher's Exact Test or Pearson’s Chi-square Test,
whichever appropriate, and statistical significance
was set when p < 0.05 or when the 95% CI did not
include the null hypothesis (RR = 1.00).

RESULTS

Cutaneous lesions of the penis were iden-
tified in 15.2% (263/1731) of participants. Bala-
noposthitis was responsible for most of these le-
sions (77.6%, 204/263), corresponding to 11.8%
(204/1731) of all participants, and it was associa-
ted with tinea cruris in 28.9% (59/204) of them.
Balanoposthitis occurred more commonly in par-
ticipants with diabetes (RR = 1.73, p < 0.05), and
past history of nonspecific urethritis (RR = 1.58, p
< 0.05) (Table-2). Tinea of the penis was present
in 1.5% (4/263) of skin lesions and 0.2% (4/1731)
overall, 75% (3/4) of which had associated bala-
noposthitis or tinea cruris. The risk-adjusted pre-
valence of balanoposthitis and tinea of the penis
are summarized in Table-2.

Sexually transmitted diseases (STDs) cor-
responded to 1.3% (22/1731) of all participants.
Condyloma acuminata were responsible for 40.9%
(9/22) of STDs and 0.5% (9/1731) of all partici-
pants. Herpes virus infections were responsible for
31.8% (7/22) of STDs and 0.4% (7/1731) of all indi-
viduals. Urethral discharge, and other nonspecific
ulcerous lesions (negative syphilis serology), cor-
responded each to 13.6% (3/22) of STDs and 0.2%
(3/1731) overall. The age-adjusted risk for all STDs
was decreased for men > 60 years in comparison
with those < 60 years (0.5% vs. 1.8%, p < 0.05).
Participants with high-school or higher education



presented an increased prevalence of herpes virus
infection than those individuals with lower school
level (0.7% vs. 0.0%, p < 0.05) (Table-2).

Other infectious/inflammatory lesions en-
countered included phimosis, responsible for 3.0%
(8/263) of penile skin lesions and 0.5% (8/1731)
overall; lichen sclerosus in five men (1.9% [5/263]

Table 1 - Demographic and clinical characteristics of study
population.

Characteristic Number  Percent
(%)

Age

<60 years 1352 78.1

> 60 years 379 21.9
Total 1731 100.0
School level

Elementary school or lower 647 37.4

High school or higher 937 541

Missing data 147 8.5
Race

White 643 37.1

Non-white (black or brown) 588 34.0

Missing data 500 28.9
Arterial hypertension

Yes 595 344

No 1133 65.4

Missing data 3 0.2
Diabetes mellitus

Yes 180 104

No 1548 894

Missing data 3 0.2
Past history of nonspecific urethritis

Yes 497 28.7

No 1012 58.5

Missing data 222 12.8
Past history of vasectomy

Yes 210 12.1

No 1518 87.7

Missing data 3 0.2
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and 0.3% [5/1731]); and psoriasis in one (0.4%
[1/263] and 0.06% [1/1731]). Risk-adjusted preva-
lence of these lesions demonstrated that phimo-
sis was more common in subjects with history of
diabetes (RR = 6.88, p < 0.05). The prevalence of
lichen sclerosus was non-significantly increased
in men with lower education level, and in those
with a history of diabetes (Table-2).

Hypochromic or hyperchromic lesions
were identified in 10.3% (27/263) of all skin le-
sions on the penis. Genital vitiligo was responsible
for 4.6% (12/263) and 0.7% (12/1731) of the cuta-
neous lesions and the complete sample, respec-
tively. Vitiligo was more prevalent in non-white
men than in white men (RR = 4.43, p < 0.05), as
well as in subjects with lower school level (RR =
7.24, p < 0.05) (Table-2).

Traumatic lesions including post-coital
excoriation, superficial hemorrhagic effusion,
and keloid were identified in one participant each
(0.4% [1/263] and 0.06% [1/1731]). A median ra-
phe cyst of the penis was found in one subject
(0.4% [1/263] and 0.06% [1/1731]), and biopsy-
-confirmed penile cancer was also diagnosed in
one man (0.4% [1/263] and 0.06% [1/1731]).

Twenty-two (1.3%, 22/1731) participants
presented with lesions at the urethral meatus. Ste-
nosis of the external urethral meatus was identified
in 0.7% (12/1731) of all participants. Meatal steno-
sis was more frequent in men with lichen sclerosus
compared to those without it (25.0% vs. 0.1%, RR =
214.9, 95% CI 39.38-1172.40, p < 0.05), and in men
aged 60 years or more in comparison with those
< 60 years (RR = 3.57, p < 0.05). Subjects with a
past history of nonspecific urethritis had a nonsig-
nificant increased risk of meatal stenosis (Table-2).
Hypospadia was detected in 0.6% (10/1731) of the
participants, eight of which (80%, 8/10) were situa-
ted on the glans penis, and two (20%, 2/10) on the
coronal sulcus. Meatal stenosis was not detected in
any of these subjects. The risk-adjusted prevalence
of hypospadias is summarized in Table-2.

Palpation of the penile shaft revealed
a circumscribed area of fibrosis suggestive of
Peyronie’s disease in 0.9% (15/1731) of the parti-
cipants. A higher risk was identified in men > 60
years (RR = 4.59, p < 0.05), and in diabetics (RR =
3.91, p < 0.05) (Table-2).



Table 2 - Prevalence of penile diseases, and relative risks (RR) and 95% confidence intervals (Cl) of the lesions/anomalies ac-
cording to age, school level, race, and history of diabetes mellitus, arterial hypertension, nonspecific urethritis, and vasectomy.

hool-level Past hist
School-leve Race . Arterial astiis olry. Past history
Elementary School ) Diabetes ) of nonspecific
Age > 60 vs. ) Non-white hypertension . of vasectomy
vs. High-School ) Yes vs. No urethritis
<60 RR 95% Cl o [T vs. White RR 95% C| Yes vs. No Yes vs. No Yes vs. No
0, ° 0, ‘ 0,
RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl
12.1vs. 11.7 11.4vs.11.6 11.1vs. 104 189vs. 109 13.4vs. 109 14.7vs. 9.3 12.4vs. 11.7
Balanoposthitis 1.04 0.98 1.06 (*)1.73 1.24 (*)1.58 1.06
0.76-1.41 0.74-1.30 0.77-1.46 1.24-2.42 0.95-1.61 1.19-2.11 0.72-1.56
0.5vs. 0.1 0.0vs.0.4 0.0vs.0.3 0.0vs. 0.3 0.2vs.0.3 0.6vs. 0.1 0.5vs.0.2
Tinea of the Penis 3.57 0.00 0.00 0.00 0.63 6.11 2.4
0.50-25.24 0.00-NaN 0.00-NaN 0.00-NaN 0.07-6.09 0.64-58.58 0.25-23.06
Sexually 0.5vs. 1.8 1.1vs. 2.0 1.2vs. 1.6 0.6vs.1.0 1.0vs. 1.9 1.8vs. 1.3 1.0vs. 1.6
Transmitted (*)0.30 0.53 0.77 0.53 0.54 1.41 0.58
Diseases 0.07-1.24 0.23-1.26 0.29-2.00 0.07-4.00 0.22-1.34 0.61-3.28 0.14-2.42
0.0vs. 0.7 0.6vs.0.4 0.7vs.0.3 0.0vs. 0.6 0.7vs.0.4 0.6vs.0.5 0.0vs.0.6
Condyloma
Acuminata 0.00 1.45 219 0.00 1.52 1.22 0.00
0.00-NaN 0.36-5.77 0.40-11.90 0.00-NaN 0.41-5.65 0.29-5.09 0.00-NaN
. 0.0vs. 0.5 0.0vs. 0.7 0.2vs. 0.5 0.0vs.0.5 0.2vs. 0.5 0.6vs.0.3 0.5vs. 0.4
Herpesvirus
Infection 0.00 (*) 0.00 0.36 0.00 0.31 2.04 1.20
0.00-NaN 0.00-NaN 0.04-3.49 0.00-NaN 0.04-2.63 0.41-10.05 0.15-9.96
1.1vs. 04 0.6vs.0.3 0.3vs. 0.3 2.2vs.0.3 0.8vs. 0.4 0.0vs. 0.7 0.0vs. 0.6
Phimosis 2.85 1.93 1.09 (*) 6.88 2.38 0.00 0.00
0.77-10.58 0.43-8.60 0.20-23.80 1.86-25.39 0.64-8.83 0.00-NaN 0.00-NaN
0.3vs. 0.3 0.5vs. 0.1 0.3vs.0.2 0.6vs.0.3 0.0vs. 0.4 0.2vs. 0.3 0.0vs. 0.3
Lichen Sclerosus 0.89 4.34 219 2.15 0.00 0.68 0.00
0.10-7.96 0.45-41.68 0.20-24.06 0.24-19.13 0.00-NaN 0.07-6.51 0.00-NaN
Genital 0.8vs.0.7 1.5vs.0.2 1.4vs.0.3 0.0vs.0.8 0.5vs.0.8 0.8vs. 0.6 1.4vs.0.6
Vitiliao 1.19 (*)7.24 (*)4.43 0.00 0.63 1.36 2.41
g 0.32-4.37 1.59-32.94 0.94-20.76 0.00-NaN 0.17-2.34 0.38-4.79 0.66-8.83
1.6vs. 0.4 0.6vs.0.4 0.3vs.0.6 1.1vs.0.6 0.3vs.0.9 0.8vs.0.3 0.5vs.0.7
Meatal Stenosis (*) 3.57 1.45 0.55 1.72 0.39 2.71 0.66
1.16-11.00 0.36-5.77 0.10-2.97 0.38-7.79 0.09-1.76 0.61-12.08 0.09-5.06
1.6vs. 1.0 1.2vs. 1.1 09vs.0.8 11vs. 1.2 0.7vs. 1.4 1.6vs.0.9 1.0vs. 1.2
Hypospadia 1.53 1.16 1.09 0.96 0.48 1.82 0.80
0.59-3.95 0.46-2.92 0.32-3.76 0.22-4.08 0.16-142 0.70-4.68 0.19-3.44
2.4vs. 0.5 0.9vs. 0.6 0.5vs. 0.5 2.8vs. 0.7 1.3vs. 0.7 0.6vs.0.7 1.4vs.0.9
Fibrosis (Peyronie) (*)4.59 1.45 1.09 (*) 3.91 1.90 0.87 1.67
1.72-12.23 0.47-4.47 0.22-5.40 1.37-11.12 0.72-5.05 0.23-3.36 0.48-5.81

(*) Statistically significant difference (Fisher’s exact test of Pearson’s Chi-square test)
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DISCUSSION

Penile mycosis

In the present study, penile mycosis was
identified in 11.9% of all participants: balanopos-
thitis in 99.0%, and tinea of the penis in 1.9%.

Balanoposthitis is the inflammation of the
foreskin/glans penis caused by multiple infec-
tious and noninfectious agents. It occurs at any
age, especially in uncircumcised men, accounting
for 11%-13% of them (1,2). It is more common in
diabetics (3), in whom it is frequently chronic or
recurrent, with an increased risk of 73% compared
to non-diabetics in the present research. We also
found a higher prevalence of balanoposthitis in
men with past history of nonspecific urethritis.

Tinea of the penis is a relatively uncom-
mon mycotic infection of the penile shaft (4,5),
with an incidence of 1.2% of men with derma-
tophytosis (4). It is frequently associated to bala-
noposthitis or other dermatophytosis (4-6). In our
study, the prevalence of penile tinea was increased
by 257% in men > 60 years, and by more than
6-fold in participants with a past history of nons-
pecific urethritis. However, the small number of
participants with penile tinea prevented a signifi-
cant correlation when controlling the analysis for
potential risk factors.

Sexually Transmitted Diseases

The prevalence of STDs varies according
to the etiologic agent, and the age, gender, so-
cioeconomic factors, and sexual behavior of the
patient. In Brazil, the prevalence of STDs in men
> 20 years-old is 7.1%, diminishing progressively
with the increasing of age, with a RR = 6.5 in the
group of 20-30 years-old, compared to those > 70
years-old (7). In our study, STDs were identified
in 1.8% of men between 40-60 years of age, and
0.5% of those > 60 years-old.

Condiloma acuminata (genital warts) are
caused by human papillomavirus (HPV), the most
common viral STD in the world (8,9). The preva-
lence of genital warts is 1.1% in Brazilian men be-
tween 20-49 years-old (7) and it was 0.5% in the
participants aged > 40 years-old evaluated in our
study. However, visible genital warts are detecta-
ble in only a small percentage of HPV carriers (9).
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In a study evaluating men with clinical suspicion
of HPV infection through DNA testing, the preva-
lence of HPV was 0.4% at the ages of 61-70 years,
3.1% at 51-60 years, 8.3% at 41-50 years, 19.8%
at 31-40 years, and 50.3% at 21-30 years (9).

In our study, the risk-adjusted prevalence
of all STDs was similar between non-white and
white participants, similarly to several studies
(10,11), although others show an increased risk of
some STDs among blacks, compared to white in-
dividuals (12).

Genital herpes virus (HSV) is a frequently
under-recognized and underestimated STD becau-
se infection is often subclinical (13). In the US,
although the estimated seroprevalence of HSV is
about 25%-28% of the population (14,15), 88.4%
of people with laboratory evidence of HSV are
unaware of their diagnosis (15). In our cohort,
the overall prevalence of HSV identified through
a group of blisters and/or ulcers was 0.4% of all
participants.

The annual prevalence of Chlamydia and
Gonorrhea (nonspecific urethritis) in the sexually
active population in Brazil is estimated collecti-
vely as 60.8% of all STDs, followed by syphilis in
16.2%, HPV in 11.9%, and HSV in 11.1% (16). In
the present study, the prevalence of urethral dis-
charge was only 13.6% of all STDs, and there were
no laboratory-confirmed cases of syphilis. The
prevalence of HPV and HSV, on the other hand,
reached respectively 40.9% and 31.8% of all STDs.

The low rates of nonspecific urethritis in
this series may be explained by the frequently
asymptomatic or oligosymptomatic clinical mani-
festations of urethritis caused by Chlamydia. Ho-
wever, although nonspecific urethritis and syphilis
are estimated as the most prevalent STDs in all
age-groups in Brazil (16), HPV and HSV may be
more prevalent in older age groups because they
are chronic, frequently recurrent, and up to this
day noncurable diseases.

Phimosis

Phimosis is a congenital or acquired nar-
rowing of the prepuce that hinders or prevents the
retraction of the foreskin over the glans penis. At
birth, a physiologic phimosis caused by natural
adhesions between the prepuce and the glans is



gradually separated by intermittent penile erec-
tions and accumulation of epithelial debris under
the prepuce (17). The prevalence of phimosis is
58% at 1 year of life, 10%-35% at 3 years, 8% at 6
years, and less than 1% by 17 years of age (18). In
the present study, phimosis was observed in 0.5%
of men > 40 years, more commonly in diabetics,
that had an increased risk of nearly 7-fold compa-
red to non-diabetics.

Lichen sclerosus

Lichen sclerosus (balanitis xerotica oblite-
rans), which commonly appears as white plaques
on the glans, often with involvement of the prepuce
that becomes thickened and non-retractile, occurs
at any age. The underlying cause is unknown (19),
but it has been frequently associated with phimosis,
either as a cause or as a consequence (17,20).

The prevalence of lichen sclerosus in the
general population is estimated to be 0.1%-0.3%
(21). In our study, although it reached a 3349% hi-
gher prevalence in men with low school level, and
it was 115% increased among men with a history
of diabetes; statistical analysis was non-signifi-
cant, probably due to the low prevalence of lichen
sclerosus.

Genital vitiligo

Vitiligo is an acquired disorder of skin
depigmentation that affects 0.5%-2% of the po-
pulation, and it is limited to the genitalia in less
than 0.3% of men (22,23). It is particularly more
noticeable in darker-skinned individuals (23), with
a prevalence 4.4-fold higher in non-whites than in
whites in our cohort, as well as a 7.2-fold incre-
ased risk in men with lower school level than in
those with higher education.

Meatal stenosis

Urethral meatal stenosis is a narrowing
of the urethra at the external meatus. One of the
most common causes of meatal stenosis is lichen
sclerosus, but it also occurs in adults after inflam-
mation, specific or nonspecific urethral infections,
and urethral instrumentation or surgery (21). The
prevalence of meatal stenosis in our study was
0.7%, with an increased risk in men with lichen
sclerosus, and in those > 60 years. The risk of me-
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atal stenosis in participants with past history of
nonspecific urethritis was increased by 171%, but
it did not reach statistical significance.

Hypospadia

Hypospadia is an abnormal ventral ope-
ning of the urethral meatus anywhere from the
ventral aspect of the glans penis to the perineum.
In the US, the prevalence of hypospadias is up to
0.8% of live male births, 87% of which are glan-
dular or coronal (24). In Brazil, the prevalence of
hypospadias is approximately 1.8%-4.1% of live
male births (25,26).

Hypospadia in the adult is uncommon and
frequently overlooked because most severe cases
are treated during childhood, and the remaining
cases are clinically insignificant or merely unaes-
thetic. In our cohort of men > 40 years-old, hy-
pospadias were present in 0.6%, all of which were
located on the glans penis or the coronal sulcus,
and none were associated with meatal stenosis.

Penile cancer

Cancer of the penis is a rare neoplasm, with
a prevalence that varies according to different ge-
ographic regions between countries, and within a
single country. In Brazil, penile cancer accounts
for 2.1% of male malignancies, with the highest
incidence in the Northeast region (5.3%), and the
lowest in the Southern region (1.2%), where the
present study was conducted (27).

Penile cancer occurs more frequently in
the sixth decade of life. Risk-factors for the deve-
lopment of penile cancer include phimosis, STDs,
lichen sclerosus, low socioeconomic level, and
poor personal hygiene (27-29).

Peyronie’s disease

This disorder is characterized by fibro-
tic plaques of the tunica albuginea penis, and its
etiology remains obscure (30). The reported preva-
lence of Peyronie’s disease is around 0.4%-3.2%
(30,31), reaching values of up to 6.5% > 70 years
of age. Our results showed an overall 0.9% pre-
valence of palpable penile fibrosis suggestive of
Peyronie’s disease, with a 4.6-fold increased risk
in men > 60 years. In agreement with the results
reported in our study, diabetes seems to be a po-



tential risk factor for Peyronie’s disease, with a 3 to
4-fold increased risk of the disease (30).

Strengths and limitations of the study

Although this survey is strengthened by a
prospective and systematic collection of data per-
formed by a single examiner in a medium-sized co-
hort of subjects, it has several limitations. First, it
involves exclusively men > 40 years of age from an
established private Health Care System, and therefo-
re should be extrapolated with caution. However, it
approaches two specific age-range of adults (40-60
years, and > 60 years of age), allowing important
insights about the prevalence and risk factors of se-
veral diseases more or less common to these age
groups. Second, with the exception of cancer, we
did not routinely use biopsy or laboratory tests to
confirm the clinical diagnosis of the lesions encoun-
tered. This practice is commonly used and clinically
recommended for most lesions/anomalies because
complementary examination will not modify treat-
ment, but it is not adequate for research purposes
because it may result in false positive/negative bias.
Additionally, the prevalence of lesions/anomalies
in our cohort did not include conditions previously
treated (e.g. history of circumcision) or in clinical
remission (e.g. history of herpes virus infection).
One of the most interesting aspects of our cohort,
however, is the establishment of several epidemio-
logical risk factors poorly evaluated in the literature
for penile lesions/anomalies. Future studies should
validate the consistency of these associations.

CONCLUSIONS

Penile lesions/anomalies are frequently
found in the adult population. They may have mul-
tiple causes, including infectious, inflammatory,
traumatic, congenital, or idiopathic. We estimated
the prevalence and risk factors of penile diseases
commonly seen in the office in an adult cohort of
Brazilian men.
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ABSTRACT ARTICLE INFO

Purpose: The objective of the study was to evaluate the synergistic transdermal perme-
ation effect of chemical enhancers and iontophoresis technique on tolterodine tartrate
(TT) transdermal gel and to evaluate its pharmacokinetic properties.

Materials and Methods: Taguchi robust design was used for optimization of formu-
lations. Skin permeation rates were evaluated using the Keshary-chein type diffusion
cells in order to optimize the gel formulation. In-vivo studies of the optimized for-
mulation were performed in a rabbit model and histopathology studies of optimized
formulation were performed on rats.

Results: Transdermal gels were formulated successfully using Taguchi robust design
method. The type of penetration enhancer, concentration of penetration enhancer, cur-
rent density and pulse on/off ratio were chosen as independent variables. Type of pene-
tration enhancer was found to be the significant factor for all the responses. Permeation
parameters were evaluated when maximum cumulative amount permeated in 24 hours
(Q,,) was 145.71 + 2.00pg/cm? by CIT4 formulation over control (91.89 + 2.30ug/cm?).
Permeation was enhanced by 1.75 fold by CIT4 formulation. Formulation CIT4 contai-
ning nerolidol (5%) and iontophoretic variables applied (0.5mA/cm? and pulse on/off
ratio 3:1) was optimized. In vivo studies with optimized formulation CIT4 showed in-
crease in AUC and T1/2 when compared to oral suspension in rabbits. The histological
studies showed changes in dermis indicating the effect of penetration enhancers and as
iontophoresis was continued only for two cycles in periodic fashion so it did not cause
any skin damage observed in the slides.

Conclusion: Results indicated that iontophoresis in combination with chemical enhan-
cers is an effective method for transdermal administration of TT in the treatment of
overactive bladder.
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INTRODUCTION

Overactive bladder disorder is a condition
characterized by involuntary detrusor contractions
that may occur spontaneously or may be provoked
(by rapid filling, alterations of posture, coughing,
walking and jumping). An overactive bladder of
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neurogenic origin is referred to as hyperflexic di-
sorder and one that is nonneurogenic is referred to
as an unstable disorder (1). Its symptoms include
frequent urination, an urge to urinate immediately
and urinary incontinence. It often requires long
term treatment to maintain control of symptoms
(2). Tolterodine tartrate (TT), a synthetic tertiary



amine antimuscarinic agent is a genitourinary
antispasmodic. It decreases contraction of the de-
trusor muscle of normal and overactive urinary
bladder. It has been shown to exhibit functional
selectivity for urinary bladder over secretory (e.g.,
salivary) glands. It is used for the management
of symptoms associated with both neurogenic and
non-neurogenic overactive bladder (3).

TT is available as conventional tablets
and extended release capsules. However, its oral
administration is limited on account of its dose-
-related adverse side effects, including dry mouth,
tachycardia, dizziness and gastrointestinal obs-
tructive disorder. TT is extensively metabolized
following oral administration, and its major meta-
bolite acts similarly as the parent substance on re-
ceptors, which restricts its application in patients
with liver cirrhosis (4). This originated the need
for an alternative route of administration, whi-
ch can bypass the hepatic first-pass metabolism.
Transdermal route could be an alternative route
for these patients, because it bypasses first-pass
metabolism, minimizes the gastrointestinal side
effects, increases patient compliance, maintains a
constant drug level in plasma and makes it possi-
ble to interrupt or terminate treatment when ne-
cessary. Its physico-chemical properties like mo-
lecular weight (475.6 daltons), half-life (1.9-3.7
hours), log P value (1.51 at a pH of 7.4), low dose
(2mg twice daily) and aqueous solubility (12g/L
at room temperature) make it an ideal drug can-
didate for transdermal delivery (5). One limitation
to transdermal drug delivery is that the drug must
be capable of passing through the skin which for-
ms a major barrier to most exogenous substances,
including drugs. One approach is to reversibly re-
duce the barrier function of the skin with the aid
of penetration enhancers or accelerants (6). So far
there is no published literature report on skin per-
meation of TT by iontophoresis.

Transdermal iontophoresis is the techni-
que used to enhance the permeation and penetra-
tion of drug molecules across the skin using the
current density of less than 0.5mA/cm?. Chemical
enhancers in tandem with iontophoresis increa-
se the transport efficiency and reduce the severity
of skin irritation and thereby improve safety of
enhancers (7). Gels are considered to be the most
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suitable delivery vehicle for iontophoresis as they
can be easily amalgamated with the iontophoretic
delivery system and can also match the contours
of the skin (8).

Taguchi method is a combination of ma-
thematical and statistical techniques used in an
empirical study which is economical for charac-
terizing a complicated process. It uses fewer ex-
periments to study all levels of input parameters
and determines the experimental condition having
the least variability as the optimum condition. The
variability of a property can be expressed by sig-
nal to noise (S/N) ratio where the experimental
condition having the maximum S/N ratio is con-
sidered as the optimal condition, as the variability
of characteristics is in inverse proportion to the
S/N ratio (9).

In the present study, the synergism of che-
mical enhancers and iontophoresis was exami-
ned by optimizing the levels of four factors (type
of enhancer, concentration of enhancer, current
density and pulse on/off ratio) on drug skin per-
meation from gels using Taguchi L16 Orthogonal
array method. The efficiency of synergistic effect
in overcoming the stratum corneum barrier was
studied by in-vivo studies and histological studies.

MATERIALS AND METHODS

Materials

TT was obtained as a gift sample from RA
Chem. Ltd. (Hyderabad, India). Acrypol-974 was
purchased from Corel Pharma Ltd. (Ahmedabad,
India). Nerolidol and farnesol was purchased from
Alfa Aesar (USA). N-Lauroyl sarcosine was pur-
chased from Hi-media laboratories Ltd (Mumbai,
India). Tween-20, ethanol, propylene glycol and
triethanolamine were purchased from S. D. Fine-
-Chem. Ltd. (India).

Preparation of gel

Gel dosage forms of TT were prepared
using a serial mixture of distilled water, propyle-
ne glycol (10%) and ethanol (60%) as the vehicle
and a gelling agent of Acrypol 974 at a concen-
tration of 2% (w/w). After complete hydration of
Acrypol 974 by the vehicle, drug (0.07%), pene-
tration enhancer and triethanolamine were added



and mixed completely, and then the vehicle was
added to give a total weight of 100g. Gel without
penetration enhancer was used as a control. Type
of penetration enhancer and its concentration
added were performed according to the Taguchi
L16 orthogonal array experimental design.

Experimental designs

Taguchi L16 Orthogonal array experi-
mental design was constructed, involving the
selection of parameters and the choice of res-
ponses. The four factors (independent variables),
their corresponding levels and responses (depen-
dent variables) are shown in Table-1. Four factors
and their respective levels were selected based
on preliminary studies conducted with chemical
enhancers. MINITAB 16 software (Minitab Inc.,
PA, U.S.A) was used for the generation and eva-
luation of the statistical experimental design.

Ex-vivo permeation studies

All experiments were conducted accor-
ding to the protocol approved by the Institu-
tional Animal Ethics Committee (IAEC). A male
Wistar rat (180-200¢g) was sacrificed by exces-
sive ether anesthesia and the hair was removed
from the ventral portion using an animal hair
clipper (Aesuclap, Germany). After harvesting
the full thickness skin, the fat adhering on the

dermis side was removed using a scalpel and iso-
propyl alcohol. Finally, the skin was washed in
tap water and stored at -20° C in aluminum foil
packing. The skin was used within a week.
Phosphate-buffered saline (pH 7.4) was
sonicated for 30 min. and placed in the receptor
compartment of jacketed Keshary-Chein diffu-
sion cells. The receptor fluids were thermostated
at 37 + 0.5° C and stirred at 600 rpm. The tha-
wed skin piece was mounted on the diffusion
cell with the stratum corneum side facing the
donor compartment and was equilibrated for 1
hour. The gel formulation (1000uL) was applied
using a positive pressure pipette to the donor
compartment and current (up to 0.5mA/cm?) was
applied either continuously for 6 h or in periodic
fashion through silver-silver chloride electrodes
(2cm x 0.5mm diameter) using a DC regulated
power supply unit (K-PAS, Mfg by: M/S. K-PAS
Instronic Engineers India PVT LTD., Chennai, In-
dia). During periodic iontophoresis, the current
was applied using an on/off ratio of 1:3, 1:1,
and 3:1 for 6 hours. The anode was placed in the
donor compartment and the cathode was placed
in the receptor compartment. The samples were
periodically withdrawn from the receptor com-
partment, up to 24 hours, and analyzed by UV-
-VIS double beam spectrophotometer (Chemito
Spectrascan UV2600, India) at 280 nm.

Table 1 - Factors and their corresponding levels implemented for the construction of Taguchi L16 orthogonal array experi-

mental design.

Factors Levels
1 2 B 4
A Type of penetration enhancer Nerolidol Farnesol Tween 20 N-lauroyl sarcosine
B  Concentration of penetration 1% 1.5% 2.5% 5%
enhancer
C  Current density (mA/cm?) 0.2 0.3 0.4 0.5
D  Pulse on/off ratio 0 (continuous 1:3 11 31

Direct current)

Response: Amount of TT permeated at 24 hours (Q,,,pg/cm?) ,Flux (Jss, pg/cm?hour) and Enhancement ratio (ER)




In vivo studies

The animal study protocol was reviewed
and approved by the institutional animal ethics
committee. The bioavailability of TT optimized
formulation from Taguchi experimental design
was compared with oral suspension. Latin square
cross over design method was used, where each
group consisted of three rabbits. The study was
done in two phases; in the first phase group 1
was administered oral suspension and group 2
transdermal gel. In the second phase after 15
days of wash out period vice versa was done:
group 2 was administered oral suspension and
group 1 transdermal gel.

White New Zealand rabbits weighing 1.5
+ 0.50 Kg were selected for the study. The ani-
mals were acclimatized to laboratory conditions
(25 + 1°C) for 7 days before the experiment. They
were allowed free access to food and water, until
the night prior to dosing and were fasted for 10
hours. The dorsal surface of each rabbit’s trunk
was shaved carefully with the help of electrical
shaver followed by cleaning with water. The skin
was wiped with saline, followed by application
of two cylindrical type iontophoretic applicators
(rings made of Teflon, 2 cm i.d. and 3 c¢m height)
fixed 10 mm apart using medical grade adhesive.
The gel formulation (1000puL) was applied using a
positive pressure pipette to one of the Teflon com-
partments (anode applicator) and a placebo gel
was placed in the reference reservoir (cathode ap-
plicator). Further, silver-silver chloride electrodes
0.5 mm in diameter was immersed in each reser-
voir taking care that electrodes did not touch skin
surface and a constant current of 0.5mA/cm? with
pulse on/off ratio 3:1 (optimized from Taguchi ex-
perimental design) was applied for 2 hours. Blood
samples (1-1.5 mL) from a marginal ear vein were
collected periodically up to 72 hours and the plas-
ma was separated by centrifugation and further
analyzed by liquid chromatography-mass spectro-
metry (LCMS).

Analytical procedure

LCMS was used for analising drug content
in plasma. Agilent 1200 HPLC system and API-
4000 triple-quadrupole mass spectrometer equi-
pped with an electrospray source (ESI), operating in
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positive ion mode was used. Chromatography was
performed using X-terra C18 (4.6mm i.d x 50mm)
analytical column (Waters, Milford, MA,USA), Ace-
tonitrile (0.05% formic acid) as mobile phase at a
flow rate of 1.2 mL/min. Column effluent was intro-
duced into the mass and the run time was 2.0 min.
The optimized parameters for mass were curtain
gas, gasl and gas2 (nitrogen) 40, 40 and 60 units
respectively; dwell time 200ms; source temperature
500°C; ionspray voltage 5500V. Unit mass resolu-
tion was set in both mass-resolving quadrupole Q1
and Q3. Data was analysed by Analyst 1.4.2 sof-
tware package (MDS Sciex).

Histopathology studies

Histopathology studies were performed on
rat according to protocol approved by institutio-
nal animal ethical committee (IAEC). To determi-
ne local toxicity of synergistic effect of chemical
enhancer and iontophoresis, the optimized for-
mulation with optimized iontophoretic conditions
was applied to rat dorsal surface for 6 hours. Skin
after treatment was excised and immersed in 50%
neutral formalin solution in saline for fixation un-
til it was subjected to histological processing and
examination. The samples were dehydrated with
alcohols (70, 80, 95% and absolute), xylene, then
embedded in paraffin blocks, microtomed, depa-
rafinized, rehydrated with graded alcohols and
stained with hematoxylin and eosin (HE&E). HEE
slides were observed under dark field light mi-
croscope under 200x magnification and compared
with control.

Data treatment

The cumulative amount of TT permeated
was plotted against time and the flux was calcula-
ted from the straight-line portion of the curve. The
enhancement ratio was calculated by dividing the
flux value with enhancer to that obtained without
enhancer (10,11).

From the plasma concentration-time cur-
ve, the pharmacokinetic parameters of C__ and
T . were calculated, and the area under the curve
(AUC) was calculated using the trapezoidal me-
thod. The relative bio-availability was calculated
by dividing the AUC of the transdermal gel to the
AUC of oral suspension and multiplied by 100.



All the experiments were performed in tri-
plicate unless specified, and the data were subjec-
ted to one-way ANOVA and t-test at a significance
level of P < 0.05 using Sigma plot software (Sigma
plot 10, USA).

RESULTS

Using the combinations of the four fac-
tors and four levels, formulations were prepared
and placed in Keshary-chein diffusion cells, as

described previously. The results of the ex-vivo
skin permeation studies are shown in Table-2.
The data were analyzed to identify the factors
that affect statistically significant the responses
by S/N ratio plots.

Effect of type of penetration enhancer on the
skin permeation of TT

Table-2 shows the skin permeation rates
(Q,,), flux and enhancement ratio of TT through
rat skin from gel formulations. The main effects

Table 2 - Permeation parameters of TT through rat skin from gels used in Taguchi L16 Orthogonal array design.

Levels Permeation parameters
Formulation Type of Concentration Current Pulse Cum amt, Flux, J = S.D (ug/  Enhancement
code penetration of penetration density on/off  Q,,+S.D (ug/cmz), cmz/hour), n=3 ratio, ER
enhancer  enhancer (%, v/v) (mA/cm?)  ratio n=3

CIT1 1 1 1 1 134.35 £ 3.92 6.10 £ 0.21 1.58
CIT2 1 2 2 2 12719+ 3.08 5.79 £ 0.09 1.50
CIT3 1 3 3 3 123.77 £ 3.68 5.56 + 0.21 1.44
CIT4 1 4 4 4 145.71 £ 2.00 6.73 +0.03 1.75
CIT5 2 1 2 3 122.24 +1.42 5.56 + 0.09 1.44
CITé 2 2 1 4 133.61 +2.82 6.06 + 0.10 1.57
CIT7 2 3 4 1 138.84 +2.90 5.80+0.10 1.51
CIT8 2 4 3 2 128.13+1.99 5.88 +0.16 1.53
CIT9 3 1 3 4 127.91 +3.19 5.83 + 0.11 1.51
CIT10 3 2 4 3 132.79 + 2.57 6.03 +0.19 1.57
CIT11 3 3 1 2 117.96 + 3.46 5.52 + 0.09 1.43
CIT12 3 4 2 1 138.64 + 2.20 6.33+0.10 1.64
CIT13 4 1 4 2 119.07 + 2.65 5.36 +0.10 1.39
CIT14 4 2 3 1 118.11 £ 3.87 5.53+0.27 1.44
CIT15 4 3 2 4 111.93 £ 3.39 5.07 £0.19 1.32
CIT16 4 4 1 3 107.58 + 3.22 4.86+0.18 1.26
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plot for SN ratios which was analyzed from Ta-
guchi design, is shown in Figures 1-3A for diffe-
rent response variables. It can be observed that
the influence of enhancer type on Q,,, flux and
ER was significant (p < 0.05). As observed, gels
containing nerolidol resulted in higher permeation
followed by farnesol.

Effect of concentration of penetration enhancer
on the skin permeation of TT

From the SN Ratio plots shown in Figu-
res 1-3B the effect of enhancer concentration on
Q,,, flux and ER was not significant. It can be
seen that the maximum permeation rate was ob-
tained with 5%.

Effect of current density on iontophoretic deli-
very of TT

A linear relationship was observed betwe-
en current density and permeation rate, shown in
Figures 1-3C. Maximum permeation was obtained
with maximum current applied at 0.5mA/cm?.

Effect of pulse on/off ratio on iontophoretic de-
livery of TT

The effect of pulse on/off ratio on ionto-
phoretic delivery was investigated since it has a
significant effect on iontophoretic delivery (7,20).
However, the analysed SN ratio plots showed that
the effect of on/off interval was not significant in
this study (Figures 1-3D). Maximum permeation
was seen with continuous direct current and 3:1
pulse on/off ratio.

Formulation CIT4 (nerolidol 5%, iontopho-
retic conditions (0.5mA/cm? and 3:1 on/off ratio))
was optimized by Taguchi robust design method.

Maximum cumulative amount permeated
in 24 hrs (Q,,) was 145.71 + 2.00ug/cm* by CIT4
followed by CIT7 and CIT12 (138.84 + 2.90ug/cm?,
138.64 + 2.20ug/cm?) respectively. Permeation
was least enhanced by CIT16 (107.58 + 3.22ug/
cm?) when compared with control (91.89 + 2.30ug/
cm?). The permeation profile of different formula-
tions is shown in Figure 4 and 5.

Slope of curve Q,, Vs time gave flux, and
maximum flux was obtained with CIT4 (6.73
+ 0.03pg/cm?/hour) followed by CIT12 (6.33 +
0.10pg/cm?/hour), CIT1 (6.10 + 0.21pg/cm?/hour),
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CIT6 (6.06 + 0.10ug/cm?/hour) and CIT10 (6.03 +
0.19pg/cm>?/hour).

CIT4 enhanced permeation by 1.75 fold
followed by CIT12 (1.64 fold), CIT1 (1.58 fold),
CIT10 and CIT6 (1.57 fold). Lowest enhancement
was by CIT16 (1.26 fold).

Pharmacokinetic studies of TT transdermal gel

Plasma drug concentration vs. time pro-
files of TT after topical administration of the op-
timized formulation and oral suspension to three
rabbits are shown in Figure-6. Dose of 2mg TT
per 5mL suspension was administered orally and
for transdermal formulation dose of 0.7mg TT
per 1000mg of gel was applied. Blood samples
were collected only for 24 hours in case of oral
formulation as TT half life is 1.9-3.7 hours and
its dosing frequency is twice a day where as in
case of transdermal as it is sustained release do-
sage form so samples were collected for 72 hours.
Pharmacokinetic parameters calculated from the
plasma drug concentration vs. time profiles are
listed in Table-3. Maximum concentration of
316.83 + 42.40ng/mL was obtained with oral
suspension when compared with transdermal
gel (176.47 + 12.01ng/mL). Half life (T1/2) of
the formulation was increased from 3.16 + 0.18
hour by oral suspension to 10.88 + 0.39 hours by
transdermal gel.

There were significant differences in C_
and AUC_,, between the optimized tolterodine
gel and the oral suspension. The overall mean
value of AUC_ by transdermal route was 3.17
times higher than that of oral route, and the di-
fference was found to be statistically significant
(p < 0.005). The optimized tolterodine gel had
a relative bioavailability of 317% compared to
oral suspension.

Histological studies

The optimized formulation CIT4 and op-
timized iontophoretic conditions (0.5mA/cm?
and 3:1 on/off ratio) were applied to rat dorsal
surface and histological studies were conducted.

The H&E slides of treated skin under 200x
maghnification shown in Figure-7 showed bleeding,
congestion, edema, infiltration of mononuclear
cells, degeneration and fatty change in dermis.



Figure 1 - Main effects plot for SN ratios of (A) type of penetration enhancer, (B) concentration of penetration enhancer, (C)
current density and (D) pulse on/off ratio for cumulative amount permeated in 24 hours (Q,,).
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Figure 2 - Main effects plot for SN ratios of (A) type of penetration enhancer, (B) concentration of penetration enhancer, (C)
current density and (D) pulse on/off ratio for flux.
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Figure 3 - Main effects plot for SN ratios of (A) type of penetration enhancer, (B) concentration of penetration enhancer, (C)
current density and (D) pulse on/off ratio for enhancement ratio.
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Figure 4 - Permeation profile of formulations CIT1 to CIT8 in comparison with control (BT9).
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Figure 5 - Permeation profile of formulations CIT9 to CIT16 in comparison with control (BT9).
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Figure 6 - Plasma concentration-time profiles of tolterodine tartrate in Rabbits after administration of oral suspension and
gel with enhancer and iontophoresis, values represented are mean = S.D (n = 3).
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IBJU | TRANSDERMAL PERMEATION OF TOLTERODINE TARTRATE

Figure 7 - H&E sections of skin a) control (untreated) and b) treated with CIT4 and iontophoresis observed under 200x magnification.

Table 3 - Mean (+ S.D) pharmacokinetic parameters of TT following administration of oral suspension or application of trans-
dermal gel with iontophoresis in Rabbits (n = 3). The results were found to be significant (p < 0.005).

Pharmacokinetic Parameter

Oral suspension

Transdermal gel

C,,, (ng/mL) 316.83 + 42.40 176.47 £ 12.01
Torax () 2.00+0.00 2.00 + 0.00
AUC,., , (ng-h/mL) 2672.56 + 66.00 8477.31 £ 224.18
AUC,,, (ng-h/mL) 2770.07 + 65.24 10454.13 + 332.72
T, (H) 3.16+0.18 10.88 + 0.39
Relative BA (%) _ 317

DISCUSSION

In transdermal drug delivery, overcoming
stratum corneum barrier is challenging and the
novel method is synergism of chemical and phy-
sical enhancer. In the present study, synergistic
effect of chemical enhancers and iontophoresis
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technique on permeation of TT has been determi-
ned. In this study, Taguchi robust design was used
to optimize the formulation and four factors and
four levels were selected from preliminary studies
and literature reports by previous researches.
Terpenes (nerolidol and farnesol) were
selected based on the reports by researches that



smaller alcoholic terpenes with a higher degree of
unsaturation appeared to be good candidates for
enhancing the permeation of hydrophilic drugs
(12). And among chemical enhancers, surfactants
(tween 20 and N-lauroyl sarcosine) were found to
enhance permeation at lower concentrations. It
was reported Tween 20 enhanced permeation of
5-fluorouracil by 6-fold (13) and N-lauroyl sarco-
sine enhanced fluorescein by 47 fold (14).

The maximum current density has been
suggested to be 0.5mA/cm? for iontophoresis and
the pattern of current application (direct/pulsed)
affects the permeation profile (7).

Hence, based on these reports, type of pe-
netration enhancer, concentration of enhancer,
current density to be applied and current pattern
(pulse on/off ratio) were selected as factors and
their effect on response variables were studied by
Main effects plots of SN Ratios.

From SN Ratio plots it has been observed
that penetration enhancer plays major role and
among the penetration enhancers nerolidol sho-
wed better enhancement.

For the explanation of the mode of action
of terpenes, two mechanisms of permeation enhan-
cement are possible: increased lipid disruption of
the stratum corneum by terpenes and the com-
plex formation between the enhancer and drug or
structures from the stratum corneum (15,16). Ne-
rolidol and farnesol share similar structural featu-
res such as the presence of an alcoholic OH group
that is capable of hydrogen bonding and higher
log P values which has a linear relationship with
enhancement (17), but nerolidol was found to be a
better enhancer than farnesol in the enhancement
of diclofenac sodium where nerolidol provided
198-fold increase and farnesol 78-fold increase
(16). Nerolidol was found to be the most efficient
penetration enhancer with respect to four model
drugs: nicardipine hydrochloride, hydrocortisone,
carbamazepine and tamoxifen (12,15,18).

Tween 20 and N-lauroyl sarcosine are
non-ionic and anionic surfactants. In general, the
proposed mechanism of surfactants includes flui-
dization of lipid bilayers, denaturation of keratin,
dissolution of skin lipids, disruption of lamellar
structure of lipids and swelling of keratinocytes
(19). N-lauroyl sarcosine in combination with
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ethanol synergistically increases skin permeability
by increasing the fluidity of stratum corneum lipid
structure (14). In the present study, ethanol 60%
was incorporated in base gel. But better enhance-
ment was observed with nerolidol as the combined
effects of enhancers and iontophoresis depend on
the physico-chemical properties of the penetrant,
enhancer and their behavior under the influence
of an electric field (7). However, more often syner-
gistic effects have been reported with fatty acids
and terpenes.

Concentration of enhancer did not show
a linear relationship with enhancement and this
fact was in accordance with studies reported with
diclofenac sodium (16).

Current density showed a linear rela-
tionship with permeation rate, which was also re-
ported by Al-Khalili et al. (20) and Liu et al. (21).

Use of pulsed direct current is recommen-
ded over direct current as continuous direct cur-
rent results in skin polarization, which reduces
permeation and to overcome this if pulsed direct
current is used it allows depolarization of skin in
between as direct current is delivered periodically,
thus enhancing permeation (7). But in the present
study both direct current and pulse on/off ratio
(3:1) showed maximum permeation which could
be due to synergistic effect of chemical enhancers.

A computer optimization technique, ba-
sed on experimental design, has been proven to
be a useful approach for selecting pharmaceutical
formulations (22-24). Formulation CIT4 (nerolidol
5%, 0.5mA/cm? current density and 3:1 pulse on/
off ratio) was optimized by Taguchi robust design.

In vivo studies were conducted on rabbit
model by Latin square cross over design. Optimi-
zed formulation CIT4 (nerolidol 5%, 0.5mA/cm?
current density and 3:1 pulse on/off ratio) effect
was compared with standard oral dose as suspen-
sion. From the plasma concentrations obtained,
there was increase in T, , by 3.44 times and overall
AUC,_ revealed threefold to fourfold increase in
bioavailability over oral suspension. These increa-
ses in parameters were observed with 0.7mg dose
in transdermal gel when compared with 2mg dose
in oral suspension indicating lower doses are su-
fficient on delivering drug to systemic circulation.
The relative bioavailability of 317% was obtained



over oral suspension. These pharmacokinetic pa-
rameters indicated efficiency of transdermal gel
with initial two cycles of iontophoresis.

The local toxicity and permeation effect of
chemical enhancers and iontophoresis were evalu-
ated by histological studies which showed changes
in the dermis which can be attributed to the effect
of terpenes and ethanol on the lipids. This also
reveals severe damage to skin was not caused by
iontophoresis. These findings support studies con-
ducted with terpenes and iontophoresis in enhan-
cing insulin (10) and vasopressin permeation (8).

CONCLUSIONS

Transdermal gels were formulated success-
fully using Taguchi robust design and these results
suggest that type of penetration enhancer affected
significantly this process. Nerolidol was optimi-
zed as the effective enhancer in combination with
iontophoresis. From in vivo studies nerolidol in
combination with iontophoresis proved to be an
effective method for transdermal delivery of TT.
Histological studies showed that the enhancer and
iontophoretic conditions applied were safe.
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EDITORIAL COMMENT

Muscarinic receptors antagonists, associa-
ted or not to behavior therapy are the mainstay
first line treatment for overactive bladder. Along
the past decade we have observed the launch and
approval of different oral antimuscarinics, all of
them with some specific receptor target in the
detrusor and urotelium. Besides this molecular
specificity a large amount of patients taking this
medication abandons it in up to six months after
beginning the treatment (1). Two major conditions
are related to this high discontinuation rate of the
oral therapy: the discrepancy between subjective
and objective good outcomes, and the frequent
adverse events. Most of these undesirable symp-
toms after antimuscarinic intake are consequences
of its hepatic metabolism. The challenge of deve-
loping a new way to administer the medication,
avoiding the first-pass metabolism has been tried
for many years. It started in the 80’s with the in-
travesical instillation, followed by rectal, vaginal
and more recently transdermal delivery route (2).

The aim of the present study comes to-
ward the above described scenario as it asso-
ciates lontophoresis and enhancers substances
to improve the Tolterodine Tartrate absorption
through the skin. Although an equivocal defini-
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tion for OAB had been adopted by the authors
(detrusor involuntary contractions are not obser-
ved in all patients that complain of OAB syn-
drome) the perspective of a new option of ad-
ministration deserves special attention. Other
studies in the literature presented good clinical
results with transdermal use of antimuscarinics
(3). Something new this experimental study may
add to the other various publications regarding
this issue is the positive synergic effect of lonto-
phoresis and the enhancer Nerolidol. The study
opens the perspective to obtain an adequate and
persistent level of Tolterodine in the plasma (de-
monstrated in the present study) and probably in
the bladder wall (not tested in this study).

Some methodological limitations obser-
ved in this study as the absence of comparison
among the iontophoresis plus gel only and the
enhancer (Nerolidol) added; use of two different
animals for ex-vivo and in-vivo studies (number
of studied animals not cited in the text), and the
lack of a dosage of the level of the antimuscarinic
in the urine, must be considered when analyzing
the presented results.

In face of this, other complementary studies
in the same direction are welcome to better demons-
trate the usefulness of Iontophoresis plus enhancers
for the transdermal use of antimuscarinics.
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ment of overactive bladder. Expert Opin Pharmacother.
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ABSTRACT

Aim: To evaluate acute toxicity and symptoms palliation of a weekly hypofractionated
3DCRT schedule as radical treatment in elderly patients with organ confined bladder
cancer cT1-2NO.

Materials and Methods: Between February 2005 and June 2011, 58 prospectively se-
lected patients diagnosed with organ confined bladder cancer were treated with exter-
nal 3DCRT (4-field arrangement). All candidates were medically inoperable, with poor
performance status, and with age ranged from 75 to 88 years (median 78). A dose of
36 Gy in 6 weekly fractions was prescribed. The primary study endpoints were the
evaluation of haematuria, dysuria, frequency and pain palliation as well as the acute
toxicity according to the RTOG/EORTC scale: an assessment was performed at baseline,
during and 3 months after radiotherapy, while the maximum reported score was taken
into account.

Results: The gastrointestinal acute toxicities were 13/58 (22.4%) and 5/58 (5.6%), for
grade I and II respectively. The genitourinary acute toxicities were 19/58 (32.7%) and
10/58 (17.2%), for grade I and II respectively. In terms of clinical outcome, 55/58 pa-
tients (94.8%) reported palliation of haematuria, while 19 out of 58 reported no change
in frequency and dysuria. All patients reported significant improvement (P < 0.01) for
pain, concerning the visual analogue score before and after radiotherapy. The median
progression free survival was 14 months.

Conclusions: The incidence of patient-reported acute toxicity following weekly hypo-
fractionated external 3DCRT is low while the symptom palliation compares very favo-
rably with other reported outcomes.

ARTICLE INFO

Key words:

Urinary Bladder Neoplasms;
Frail Elderly; Patients;
Radiotherapy; Toxicity Tests,
Acute; Palliative Care

Int Braz J Urol. 2013; 39: 77-82

Submitted for publication:
May 31, 2012

Accepted after revision:
December 20, 2012

INTRODUCTION

Bladder cancer represents the fourth most
common cancer and is three times more common
in men than in women in United States. It is rarely
diagnosed in individuals younger than 40 years.
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Because the median age of diagnosis is 65 years,
medical comorbidities are a frequent considera-
tion in patient management (1). Bladder cancer
is estimated to have an annual incidence in the
United States of 68,810 cases, accounting for 5%
of all newly diagnosed cancers. Approximately



14,100 people per year will die of this disease, ac-
counting for 2.5% of all cancer-related mortality
in the United States and 3% of all cancer deaths in
men (2). The highest incidence rates are in Western
countries (3). From the early 1970s to 2004 the in-
cidence of this cancer rose slightly while mortality
fell. This phenomenon is likely attributable to the
increased detection of localized lesions and im-
proved therapies (4).

A group of patients encompasses the in-
vasive lesions, and the goal is to determine if the
bladder should be removed or preserved without
compromising survival and to determine if the
primary lesion can be managed independently or
if patients are at high risk for distant spread re-
quiring systemic approaches to improve the like-
lihood of cure. Cystectomy is the standard appro-
ach for the treatment of invasive bladder cancer.
As a single modality, however, results were disa-
ppointing, with high local failure rates and poor
survival (5,6).

Radiotherapy (RT) can be an effective al-
ternative in medically inoperable patients, in poor
performance status, who cannot tolerate a cystec-
tomy or chemotherapy (7).

We completed a prospective study of loca-
lized bladder cancer elderly patients (cT1-2 NO) at
our institution. All patients received dose-escalated
radiation using a hypofractionated RT schedule con-
sisted of 36 Gy in 6 weekly fractions. The prima-
ry endpoints of this study were the assessment of
symptom palliation and acute gastrointestinal (GI)
and genitourinary (GU) toxicity from patients treated
only with 3D conformal Radiotherapy technique wi-
thout previous cystectomy. The second endpoint was
the evaluation of progression free survival (PFS).

MATERIALS AND METHODS

Patient characteristics

Clinical data of the 58 patients treated at
University Hospital of Athens Attikon between Fe-
bruary 2005 and June 2011 were collected. The
pretreatment evaluation included medical history,
physical examination, laboratory tests (including
complete blood count, liver function tests, BUN,
creatinine, alkaline phosphatase, uric acid), cys-
toscopy with bladder mapping, urine cytology and
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staging exams as computed tomography (CT) and/
or Magnetic Resonance (MRI) of the abdomen and
pelvis. The patients’ characteristics are shown in
Table-1. The study was approved by the local ethi-
cal committee.

Inclusion - exclusion criteria

Eligible patients had histologically confir-
med clinical localized Bladder Cancer Stage (cT1-
2 NO) (according to American Joint Committee on
Cancer staging manual, 7th edition, 2010). The
patients included were medically inoperable with
age more than 75 years and Karnofsky performan-
ce status lower than 70%.

Patients were ineligible if they had un-
dergone previous pelvic RT or cystectomy, lymph
node metastatic involvement, distant metastases,
or had a hip prosthesis.

Treatment planning and Simulation

Each patient underwent a virtual CT-si-
mulation, in supine position, using “knee sponge”
to consistently align lower extremities. Patients
were instructed to have an empty bladder and
rectum (following an enema) during simulation.
Moreover, during the whole course of treatment,
they were instructed to have certain dietary course
with food including minimum fibers, in order to
prevent diarrhea.

For treatment planning, a CT scan cove-
ring a region from the first lumbar vertebra to the
lower part of the perineum was obtained for each
patient. A conventional virtual CT simulation be-
fore computed tomography (CT) scan was perfor-
med to define preliminary isocenter and beam wi-
dth. Patients were placed in a supine position, and
a small amount of oral contrast was administered
for the delineation of small bowel.

Planning CT scan of the pelvis was then
performed with a 0.5 cm spacing between slices.
The CT datasets were transferred to the Prosoma®
virtual simulation system and after the delineation
of the targets (clinical target volume - CTV, plan-
ning target volume - PTV) and the organs at risk
(OAR), the images were transferred to Eclipse Va-
rian Treatment Planning (Release 6.5, Varian As-
sociates, Palo Alto, CA). Organ at risk (OAR) was
defined to be an uninvolved organ that, if given



Table 1 - Patients' characteristics.

Age median (range) 77 (70-91)
T 12
T2 46
PS
60%-70% 10
50%-60% 48
Male / female 47 /11

an excess radiation dose, might be damaged and
would compromise the success of the course of
radiation therapy.

The clinical target volume (CTV) was the
bladder; the planning target volume (PTV) was
obtained by expanding CTV with a margin of 1
cm in each direction, and of 0.5 cm posteriorly. In
order to keep the bladder emptiness during treat-
ment, the patients undergone their irradiation as
soon as they have urinated. Rectum was manually
contoured from the distal ischiatic branch to the
sigmoid flexure. In addition small bowel and fe-
moral heads were contoured. The entire bladder
was treated, using a four field technique with 15
MYV X-ray energy beams. The dose was prescribed
according to ICRU criteria (8).

The dose constraints for the OARs are des-
cribed below:

1. Rectum: V70 < 20-25%, V50 < 5000.
2. Femoral heads: V50 < 5%.
3. Small bowel: V52 = 0%.

Where Vx is the volume or the organ/tar-
get that receives the x dose.

In order to extrapolate the previous data
according to our irradiation schedule, we used
linear-quadratic (LQ) modeling in order to equate
the hypofractionation schedules to the Normali-
sed Total Dose (NTD) if delivered in 2Gy-fractions
(9). Thus, NTD represents the dose given in 2Gy
fractions that would give the equivalent biologic
effect to the new hypofractionated dose:
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NTD= DHW‘M
2+alf

Where Dnew and dnew are respectively
the total dose and dose per fraction for a sugges-
ted hypofractionation scheme. Normalized Total
Dose - NTD has been calculated and tabulated for
both bladder carcinona (o/pf = 10Gy) and normal
tissues (a/B = 3Gy) (10). Taking into account that
a/p = 10, then NTD was 48Gy, while considering
that o/p = 3, then NTD was 64.8Gy.

Patient setup was monitored weekly using
portal films.

Before (at base line), during and 3 months
after the completion of the treatment, the patients
were evaluated by a radiation oncologist in terms
of toxicity and symptom palliation. We used the
RTOG/EORTC acute radiation morbidity scoring
system for gastrointestinal (GI) and genitourina-
ry (GU) toxicity grading (11). For the symptom
palliation we used the incidence of haematuria,
dysuria and frequency, while for the pain we used
the visual analogue score (VAS) (12). In terms of
heamaturia, dysuria and frequency, the patients
were asked if there was a definite improvement in
the above parameters or not.

Statistical methods

For the assessment of the statistical di-
fference between VAS score before and after ra-
diotherapy we used the Wilcoxon non-parametric
test. For the correlation between symptom pallia-
tion and VAS score improvement, we used the
spearman-rho test. The assessment of significant
differences in symptom palliation before and after
RT was performed with the chi* test. The level of
statistical significance was set at the 0.05. All the
statistical analysis was performed with the SPSS
v.10 software (IL, USA).

RESULTS

The total number of patients with GI acute
toxicity were 13 out 58 (22.4%) and 5 out of 58
(5.6%), for grade I and II respectively. The total
number of patients with GU acute toxicity were



19 out of 58 (32.7%) and 10 out of 58 (17.2%), for
grade I and II respectively. No patients had Grade
3 or higher GI or GU toxicity scores. The detailed
radiation induced toxicities are shown in Table-2.
The treatment that was administered for the radia-
tion toxicity was: non-steroids antinflammatory
for dysuria, urgency, frequency, nocturia; diet,
antidiarrheals for diarrhea; rectal non-steroids
antinflammatory and corticosteroids for rectal ir-
ritation and pain.

In terms of clinical outcome, 55 out of 58
patients (94.8%) reported palliation of haematu-
ria, while 19 out of 58 reported no change in fre-
quency and dysuria (Table-3). As shown in Figu-
re-1, the VAS score significantly improved from
4.2 (+ 1.1) to 1.8(+ 0.6), before and after RT. No
correlation was noted between the VAS score and
the other parameters palliation such as dysuria,
frequency and haematuria. The median progres-
sion free survival (PFS) was 14 months.

DISCUSSION

In an attempt to improve external beam
radiotherapy in bladder cancer, the current study
investigated the possibility of shortening the days
of irradiation. Shortening of the overall treatment
time could increase the efficacy of the treatment

Table 2 - EORTC/RTOG acute radiation induced toxicity.

but could also increase toxicity. The conventio-
nal fractionation of 2Gy/day up to a total dose of
66Gy seems quite equivalent in terms of radio-
biology with the scheme of six fractions of 6Gy,
according to linear-quadratic model, when the a/f
ratio is taken equal to 3 (13). Comparing the con-
ventional fractionation treatment scheme with the
other hypofractionated schedules, since the blad-
der /P ratio is 10 Gy, it comes out that short ove-
rall treatment times and large fraction sizes have
no potential of increasing therapeutic ratio and
therefore cannot be the treatment of choice.
However, there are pragmatic benefits in
reducing the number of treatment sessions and
travelling requirements for elderly patients and
enabling better use of limited resources. We have
to keep in mind that Greece is a Country with a lot
of isolated villages either in the mountains or in
the islands. Patients are often unable to undergo-
ne a schedule with 33 daily session for more than
a month. Given also the often limited department
resources and the long waiting lists, a reduction in
the workload of the linear accelerator is often re-
alized by hypofractionation. Moreover, one must
remember that almost all studies that have inves-
tigated changes in the fractionation schedule were
published before the widespread introduction of
conformal radiotherapy. It is quite possible that

Grade 0 Grade | Grade Il
Gl acute toxicity 40/58 (68.9%) 13/58 (22.4%) 5/58 (5.6%)
GU acute toxicity 29/58 (50%) 19/58 (32.7%) 10/58 (17.2%)

Table 3 - Symptom palliation before and post RT.

Before RT After RT P (chi? test)
Heamaturia 50/58 (86.2%) 3/58 (5.2%) <0.01
Dysuria 34/58 (58.6%) 19/58 (32.7%)
Frequency 44/58 (75.8%) 19/58 (32.7%)
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Figure 1 - Bladder related pain VAS scores before and after radiotherapy (P < 0.001, Wilcoxon test).

VAS

Baseline

Post-RT

any improvement in therapeutic ratio resulting
from optimizing the radiobiological parameters
with altered fractionation may have been nullified
by poor dose distributions, exceeding the normal
tissue tolerance doses.

In our study the acute toxicity was mild,
without any grade III morbidity noted, while the
response to treatment was low with a median PFS
of 15 months. There are several equivalent reports
in the literature. A large study applying 36 Gy in
six fractions in 18 days reported an acceptable
severe late toxicity but only a 31% 5 year local
control rate (14). Pos et al. (15) treated 50 patients
with a T2-T4 NOMO transitional cell carcinoma of
the bladder with a dose of 40 Gy in 2-Gy fractions.
The irradiation was administered to the small pel-
vis with a concomitant boost limited to the blad-
der tumor area plus margin of 15 Gy in fractions
of 0.75 Gy. The total tumor dose was 55 Gy in 20
fractions in 4 weeks. Severe acute toxicity G3 was
observed in seven patients (149%). Severe late toxi-
city G3 was observed in six patients (13%). Thirty-
-seven patients (74%) showed a complete and five
(10%) a partial remission after treatment.

In another trial, McLaren et al. (16) repor-
ted a study with 55 patients who underwent the
same weekly scheme as ours with 6 Gy per session,
while the total dose ranged from 60-66 Gy. Totally
64% of the patient noticed an improvement at a

81

1 month review. In the same way as in our study,
92% of patients with haematuria were completely
palliated compared to only 24% of those with dy-
suria and frequency. Median overall survival was
as low as 9 months (range 2-41months). Howe-
ver, the toxicity was higher than our reported rate,
with a grade 3 acute urinary and bowel treatment
related toxicity recorded in 18% and 9% of pa-
tients, respectively. However, no significant late
toxicity (> grade 2) was recorded.

Patients offered definitive irradiation
have typically been nonsurgical candidates with
various comorbidities and more advanced disea-
se, contributing to poorer prognoses than those
selected for surgery (17,18). The 5-year survival
rate for muscle-invasive bladder cancer treated
with definitive external-beam radiotherapy alone
is 20% to 40% (18). Similar to surgical series, sur-
vival rates following definitive radiotherapy have
been higher in patients with invasion limited to
the bladder compared with those with extravesical
(T3b or T4) disease (16-20).

At last but not least we have to emphasi-
ze the possibility of hypofractionated radiothera-
py with minimum sessions in a group of patients
with poor prognosis (16) and with the inability
to follow more than 5 weeks of daily irradiation
schedules. In our study the patients had a mild
toxicity with good palliation of symptoms.



CONCLUSIONS

Our study showed that 3D-CRT is a feasible
and safe modality allowing for hypofractionation
up to 36 Gy .This study demonstrates that it is
possible to deliver hypofractionated 3DCRT to the
bladder with an acceptable acute toxicity rate in a

poor prognostic patient group.
ABBREVIATIONS

RT: radiotherapy

GI: gastrointestinal

GU: genitourinary

CTV: clinical target volume
PTV: planning target volume
OAR: organs at risk

CT: computerized tomography
VAS: visual analogue score
PFS: progression free survival.
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ABSTRACT

Purpose: We attempted to detect, for the first time in a Brazilian cohort, differences in
protein expression between clear-cell renal cell carcinoma (ccRCC) and their normal
adjacent tissues, aiming to identify biomarkers and/or therapeutic target candidates for
this disease.

Material and Methods: Twenty-four ccRCC and adjacent normal tissues were collected
after surgery and their protein extracts were quantified, pooled and separated by two-
-dimensional polyacrylamide gel electrophoresis (2DE), followed by statistical analysis
of the stained gels. Spots of interest were excised from the gels, digested with trypsin
and identified by MALDI-TOF-TOF mass spectrometry.

Results: Twenty-six differential spots were detected between the two classes of tissues,
among which twenty were identified by mass spectrometry and sixteen were found to
be non-redundant. Eleven proteins were either underexpressed or undetected in the
ccRCC extracts, such as prohibitin and peroxiredoxin-3, whereas five were found to be
overexpressed or exclusively detected in the ccRCC extract, including af} crystalin and
heat shock protein 27.

Conclusions: Several proteins were detected at differential levels when compared to
normal adjacent tissues, and, moreover, many have been previously described by their
relationship with RCC. Therefore, this work corroborates previous reports on the search
for biomarkers for ccRCC, as well as it points out new candidates that may be validated
in future studies.
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INTRODUCTION

Renal cell carcinoma (RCC) is the third
most common cancer of the genitourinary system
and represents approximately 3% of adult malig-
nancies in Western countries. It is the most pre-
valent malignancy of the kidney, accounting for
about 85% of kidney cancers, as well as the most
lethal of all urologic cancers. The most common
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histological subtype is the clear-cell renal cell
carcinoma (ccRCC), corresponding to 70% of all
RCC (1). Whereas the estimated annual incidence
is about 54,000 new cases and 13,000 deaths from
this disease in the United States (2), reliable esti-
mates of this cancer in Brazil are missing.

Cancer markers can be used for early de-
tection of disease in asymptomatic patients, for the
assessment and management of the disease in its



different phases, as well as for predicting its prog-
nosis. A constant effort has been made (3-8) in the
search for biomarker candidates for RCC. However,
none of them achieved definitive diagnostic and
prognostic value in clinical practice so far.

Reproducible protein profiles can hardly be
obtained when different assays or different patient
populations are used. Therefore, in order to ensure
that a putative biomarker is robust enough for de-
tection in different laboratories, validation with an
independent sample set originating from a different
institute is essential (9).

Proteomics is a promising tool for the bet-
ter understanding of the biology of RCC and the
search for proteins that can be used as markers of
disease, as it provides a comprehensive view of
cellular processes. Therefore, in this study we at-
tempted to identify, for the first time within a Bra-
zilian cohort, the differences in protein profiles of
ccRCC tissues when compared to adjacent normal
renal tissues, aiming to expand and/or access the
validity of the putative biomarkers and therapeutic
targets for ccRCC.

MATERIAL AND METHODS

Patients

A total of 24 ccRCC samples and their ad-
jacent normal renal tissues were collected after ra-
dical nephrectomy at the Division of Urology of
the National Institute of Cancer (Instituto Nacional
do Cancer (INCA)) and Hospital Mario Kroeff (MK),
Rio de Janeiro, Brazil, between 2005 and 2008 after
approval by the INCA Ethical Committee with the
number 38/05. Classification was according to the
World Health Organization (WHO). Of the total of 24
patients 22 were operated in the Instituto Nacional
do Cancer (INCA) and 2 at the Division of Urology
in the Hospital Mario Kroeff. Patients included in the
study were over 18 years, any gender, smokers and
non-smokers. Patient with genetic syndromes, HIV
infection, mental illness or previously treated for
cancer were excluded. The cohort was composed of
14 males and 10 females. Their ages ranged from 28
to 80 years; mean age was 57 with standard devia-
tion of 13.4. In our cohort of 24 tumors analysed, 14
(589%) tumors were confined to the kidney. These and
other clinical data of patients are shown in Table-1.
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Proteins extraction and quantification

Tumor and adjacent normal tissues were
collected by a pathologist immediately after sur-
gery. Approximately 100 mg of tissues were im-
mersed in liquid nitrogen and macerated in the
presence of 500pL lysis buffer, containing 7M
urea, 2M thiourea, 4% w/v 3-[(3-cholamidopropyl)
dimethylammonio]-1-propanesulfonate (CHAPS)
and 1% w/v dithiothreitol (DTT). The mixture
was agitated for 1 hour at room temperature and
centrifuged at 16,000 g for 10 minutes. The su-
pernatant containing proteins were collected and
quantified using the kit 2D quant (GE Healthcare,
Piscataway, USA).

Two-dimensional Gel (2DE)

After precipitation with trichloroace-
tic acid, proteins were resuspended in reswelling
buffer (4% w/v CHAPS, 8M urea, 1% w/v DTT,
0.002% w/v bromophenol blue). For isoeletric fo-
cusing, a total of 1.5 mg of proteins was applied
on 18 cm strips of linear pH 3-10 (10). Four repli-
cates were made for the each pool of sample. The
platform used for separation was Ettan IPGphor™
(GE Healthcare, Piscataway, USA) at 30 volts for
12 hours at 20°C, 100 volts for 1 hour, 200 volts
for 1 hour, 500 volts for 1 hour, 1,000 volts for 1
hour, 1,000 to 8,000 volts for 0.5 hour and 8,000
volts up to 75,067 volts/hour.

After focusing, the strips were equilibra-
ted and washed (10). The second dimension was
performed in a SDS-PAGE gel 12.5%. The run was
made in the EttanTM system (GE Healthcare) with
tris(hydroxymethyl)aminomethane (Tris) - glyci-
ne running buffer at 2.5 W/gel for 30 min and
then 100 W until the end of the run. The gels were
stained with Coomassie G-250 solution. Image
and statistical analysis (Student’s t test, p-value
< 0.05) of the stained gels were performed using
Image Master 2D Platinum 5 (GE Healthcare, Pis-
cataway, USA).

Mass spectrometry

Spots of interest were cut out from the
gel and processed for in-gel digestion with
trypsin. After digestion, peptides were extrac-
ted from gel in 30uL of a 5% v/v trifluoroacetic
acid/ 50% v/v acetonitrile solution and concen-



Table 1 - Patient data, histopathological findings, tumor stage and survival analysis. Tumor Stage was accessed according
to the TNM Classification of Malignant Tumors.

Pts. Age Gender Furhman Grade Stage Follow-up Deaths by
Disease
1 52 Male I T1bNxMO 67 months
2 56 Male I T1aNxMx 63 months
3 44 Male I T3aNxMx 66 months
4 58 Female I T1bNxMx 65 months
5 35 Female 1l T2bNxMx 3 months
6 7”7 Female I T3bN2Mx 41 months
7 54 Female I T1bNxMx 64 months
8 80 Male I T1aNOMO 64 months
9 56 Male I T3aNxMx 64 months
10 53 Female I T1aNOMO 63 months
11 69 Male I T1aNxMx 9 months
12 33 Female I T2aNxMx 62 months
13 45 Female I T2bNxMx 62 months
14 69 Male Il T3aNxMx 61 months
15 61 Male Il T3aNxMx 61 months
16 75 Female Il T1bNxMx 60 months
17 48 Female Il T1aNxMx 59 months
18 60 Male I TANXMx 57 months
19 66 Male I T3aNxMx 15 months
20 55 Male I T2NxMx 54 months
21 62 Male 1 T3bNOMx 22 months
22 63 Female Il T1bNxMx 54 months
23 58 Male I T3aNxMx 53 months
24 28 Male I T3aN2Mx 2 months
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trated to final volume of 5uL. MALDI analysis
used 0.5puL of each peptide solution mixed with
the same volume of a saturated matrix solution
(a-cyano-4-hydroxycinnamic acid (Sigma Aldri-
ch, Milwaukee, USA) at 0.05M in 50% acetonitri-
le/ 0.1% trifluoroacetic acid) on the target plate
and allowed to dry at room temperature. Data for
protein identification were obtained on the 4700
Proteomics Analyzer (Applied Biosystems, Foster
City, CA). Both MS and MS/MS data were acqui-
red with a neodymium-doped yttrium aluminum
garnet (Nd:YAG) laser with a 200-Hz repetition
rate. Typically, 1600 shots were accumulated for
spectra in MS mode while 2400 shots were accu-
mulated for spectra in MS/MS mode. MS and MS/
MS mass spectra were acquired in reflector posi-
tive ion mode after calibration with mixtures 1 or
2 (Sequazyme Peptide Mass Standard, Perseptive
Biosystems, Foster City, CA). Proteins were identi-
fied by correlation of tandem mass spectra to the
NCBInr proteins database, using Mascot (Matrix
Science, London, UK) with restricted taxonomy
Homo sapiens. Search parameters were as follo-
ws: MS and MS/MS tolerance of 0.6 Da, tryptic
specificity allowing for one missed cleavage, fixed
modification of carbamidomethylation of cysteine
residues, and variable modification of oxidation
of methionine, histidine and tryptophan residues;
phosphorylation of tyrosine, serine and threonine
residues and propionamide. Positive protein iden-
tification was accepted with at least two peptides
with a Mascot peptide score > 35.

RESULTS

This study aimed to identify differentially
expressed proteins in ccRCC tissues compared to
their adjacent normal kidney tissues in 2DE gels.
The patient cohort was composed of 14 males and
10 females. Their ages ranged from 28 to 80 years;
mean age was 57 with standard deviation of 13.4.

Figure-1 shows the representative 2DE
gel profiles of the experimental replicates of the
two protein pools (tumor and adjacent normal
tissues). The gels were analyzed by Image Master
2D Platinum software. The volumes of the spots
were compared between the gels. Twenty six spots
were identified as differentially expressed between
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Figure 1 - (A) Normal kidney tissue, (B) ccRCC tissue. The
gels were stained with colloidal Coomassie. 1.5 mg of protein
from pools of extracts was applied to the 2DE. First dimen-
sion was carried out with 18 cm IPG strips, pH 3-10; Second
dimension was carried out in 12.5% SDS-PAGE.
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them, among which 20 were identified as 16 non-
-redundant proteins (Table-2).

Protein down-regulation was more fre-
quent in the ccRCC proteome. Eleven proteins were
either underexpressed or undetected in the ccRCC
extracts: ATP synthase beta subunit, transthyre-
tin chain A, peroxiredoxin 3, aminoacylase-1, al-
dehyde reductase, prohibitin, ferritin, abhydrolase,
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cytochrome b5, ceto-hexokinase and retinol bin-
ding protein (Table-2).

On the other hand, five proteins were found
to be either overexpressed or exclusively detected
in the ccRCC extracts: glycine amidinotransferase,
alpha B crystallin, Cu/Zn superoxide dismutase,
glyceraldehyde 3-phosphate dehydrogenase and
heat shock protein 27 (HSP27) (Table-2).

DISCUSSION

The search for the ideal set of protein ma-
rkers of RCC tissues began when Sarto et al. (3)
compared the tumor proteins from 10 patients
with ccRCC with their respective adjacent normal
tissue through 2DE gel. Since then, other studies
were performed with the same goal under different
conditions or different proteomics approaches (3-
8). The method that was applied in this study is
based on 2DE, the most traditional technology for
separation of proteins. It is a very efficient me-
thod, allowing good resolution of complex sam-
ples, providing the molecular weight and pH of
the analyzed protein that, in certain instances,
generates information about post-translational
modifications. This work is justified by the fact
that no study with RCC Brazilian patients was ever
produced.

Some of the proteins here identified are
involved in cellular metabolism, such as the beta
subunit of ATP synthase, glycine amidinotransfe-
rase, cytochrome b5, glyceraldehyde 3-phosphate
dehydrogenase, aminoacilase isoform 3, aldehyde
reductase and ceto-reductase hexokinase.

The ATP synthase protein complex is di-
rectly involved in ATP production through oxi-
dative phosphorylation in mitochondria, and is a
high-energy molecule used in several metabolic
processes (11). Glycine amidinotransferase enzy-
me participates in the metabolism of amino acids
as well as in the urea cycle, and is found in all
tissues of the body (11). Cytochrome b5 is a pro-
tein that participates in the desaturation of fatty
acids and was described to be underexpressed in
RCC (8). Glyceraldehyde-3 phosphate dehydro-
genase (GAPDH) participates in the oxidation of
glyceraldehyde 3-phosphate, associated with the
formation of ATP molecules in the electron trans-
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port chain in mitochondria (11). GAPDH was ex-
clusively detected in the ccRCC extract. GAPDH is
a constitutive enzyme and therefore it is likely to
be present in the normal extracts. Two hypothe-
ses may explain our results: GAPDH is undergoing
posttranslational modifications and/or degrada-
tion in the normal tissue or GAPDH is modified
and accumulates at detectable levels in the ccRCC
tissue, whereas in the normal tissue it is present at
undetectable levels. Previous works suggest that
GAPDH is indeed target of modifications that can
modulate its cellular level (12,13).

Aminoacylase-I is a homodimeric cytoso-
lic enzyme that catalyzes the hydrolysis of a va-
riety of N-acylated amino acids, generating free
amino acids and acyl groups. The enzyme is found
in many mammalian tissues, with highest activity
in the kidney, and is involved in detoxification
processes. Balabanov et al (11) and Raimondo et
al (8) observed underexpression of aminoacylase-I
when they analyzed the proteome of ccRCC tis-
sues. An interesting fact is that the gene encon-
ding for this enzyme is located on chromosome
3p21-1, and deletions in the short arm of chro-
mosome 3 were observed in almost all renal cell
carcinomas.

Ketohexokinase, also known as fructoki-
nase, participates in the metabolism of fructose,
catalyzing the conversion of fructose to fructo-
se-1-phosphate. Although the ketohexokinase is
mostly abundant in liver, it was also found in kid-
ney, small intestine and pancreas (4). Hwa et al
(4) found lower levels of ketohexokinase in ccRCC
tissues, in accordance with our findings.

Aldehyde reductase is an oxidoreductase
that catalyzes NADPH-dependent reduction of a
variety of aliphatic and aromatic aldehydes. Howe-
ver, little is known about its physiological role. We
observed underexpression of aldehyde reductase in
agreement with previous published data on RCC (4).

Peroxiredoxins (Prxs) are a family of pro-
teins whose members were originally identified as
thiol-specific antioxidant enzymes (14). They act
as regulatory signals mediated by H,0,. Peroxirre-
doxin-3 (PRX-3), identified in this work as unde-
rexpressed, is known to regulate the levels of H,0,
and its effects. Oxidative stress plays a crucial role
in the pathogenesis of various malignancies. It is



possible that carcinogenesis by oxidative stress
is mainly due to excessive production of reactive
oxygen species (ROS) such as H 0, and superoxide
anion, leading to structural changes in DNA. Mo-
reover, ROS can directly activate cytoplasmic and
nuclear pathways of signal transduction that are
associated with malignant transformation. The-
refore, it is suggested that antioxidant enzymes,
such as peroxiredoxins, play a functional role in
carcinogenesis (15).

Soini et al (16) studied the expression of
peroxiredoxins 1 to 6 in 138 RCC samples using
immunohistochemistry and immunoblotting. The
authors correlated the expression of peroxiredo-
xins with tumor stage and patient survival rate.
Non-malignant tubular cells were positive for all
six Prxs. Most RCC were positive for Prxs 1 and
2, whereas only 15% of tumors showed expres-
sion of Prxs 3 and 4. In this study, lower levels of
peroxirredoxin-3 were observed in ccRCC tissues
extracts, which is consistent with data previously
published (16).

The superoxide dismutases (SOD) are an-
tioxidant enzymes that catalyze the dismutation
of superoxide radicals into hydrogen peroxide and
oxygen (17). We found overexpression of SOD-1
in ccRCC extracts. This can be explained by the
fact that the production of ROS is generally more
active in malignant cells (17).

Transthyretin acts as a carrier of retinol
(vitamin A), through its association with retinol-
-binding protein (RBP). Retinol is a natural pre-
cursor of the retinoic acid, which regulates the
transcription of specific genes through nuclear
receptors of retinoic acid, having effects on cell
growth and differentiation of normal cells, em-
bryonic cells, as well as on neoplastic cells (18).
We observed underexpression of transthyretin in
the ccRCC extract, whereas RBP protein was not
detected. Because the kidneys play a role in the
metabolism of proteins of low molecular weight,
such as RBP, it is possible that the disability of
renal filtration that occurs in RCC leads to greater
loss of circulating RBP. This, in turn, can result in
decreasing levels of transthyretin.

Ferritin is the most important iron reser-
ve protein and found in all cells. Under normal
conditions, it can represent 25% of the total iron
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found in the body (19). Anemia is the most com-
mon hematologic abnormality associated with
kidney cancer (1). This picture may be a conse-
quence of bad function of iron storage proteins
such as ferritin. Concurring with this, in the pre-
sent study we observed lower levels of ferritin in
ccRCC protein extracts.

The gene encoding prohibitin was first
isolated due to its ability to down regulate rat
hepatocytes cell proliferation (20). Its antiproli-
ferative activity was further demonstrated when
the micro-injection of synthetic mRNA in normal
fibroblasts and Hela cells blocked the entry of
cells in S phase of the cell cycle (21). Furthermo-
re, prohibitin is capable of inhibiting cell proli-
feration by repressing the transcriptional activity
mediated by E2F which regulates many genes in-
volved in the transition G1 / S and DNA synthesis
(22). The study of Fusaro et al (23) has also shown
that in addition to its mitochondrial localization,
prohibitin is also located in the nucleus, and is
able to physically interact with p53 in vivo and
in vitro, potentially modulating their regulatory
pathways. These data suggested that prohibitin is
able to act as tumor suppressor. However, the role
of prohibitin as tumor suppressor has been de-
bated. Prohibitin undergoes multiple post-trans-
lational modifications, such as phosphorylation,
glycosylation, palmitoylation, ubiquitination and
others; therefore, it is reasonable to propose more
than one function for prohibitin. In fact, the pre-
sence of isoforms could explain the shift in mole-
cular weight of the two prohibitin spots that were
observed on RCC gels (24). In addition, prohibitin
was recently found to combat oxidative stress, as
well as to have a role in modulating mitochondrial
stress-related autophagy (25). We found underex-
pression of prohibitin in ccRCC extracts, which
is consistent with its apparent tumor suppressor
function and free radical protection.

The heat shock proteins (HSP) are a group
of stress-inducible molecules. Members of this
family include of-crystalin and HSP27. Several
evidences suggest that HSP27 and af-crystalin
are associated in the cells (26). We detected hi-
gher expression of afcrystalin in ccRCC extracts
what is accordance with previous papers (7,27,28).
Normally, ap-crystalin is a major protein compo-



nent of the vertebrate eye lens with chaperone-
-like functions. It is probable the up-expression of
af-crystalin represents a response to stress.

Previous studies have shown higher expres-
sion of HSP27 in ccRCC (27,29-32). We observed
the same result. HSP27 down-regulates apoptosis
through its ability to interact with key components
of the apoptosis signaling pathway, in particular
those involved in activation of caspases. Because
of this physiologic effect, it is likely that HSP27 is
involved in cell proliferation of ccRCC.

CONCLUSIONS

Our results present the first proteomics
analysis of ccRCC tissues within a Brazilian popula-
tion. Several proteins were found at differential le-
vels when compared to their normal adjacent tissues
and, moreover, many have been previously descri-
bed in studies on RCC, when other populations were
used. Therefore, this work accesses the robustness
and validity of previously reported proteins and
points out candidate biomarkers and/or targets for
RCC that may be validated in future trials.
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ABSTRACT

Purpose: Bladder cancer (BC) is the second most common malignancy of the urinary
tract, with high mortality. The knowledge of the molecular pathways associated with
BC carcinogenesis is crucial to identify new diagnostic and prognostic biomarkers.
MicroRNAs (miRNAs) are short non-coding RNA molecules that play important roles
in the regulation of gene expression by acting directly on mRNAs. miR-145 has been
considered as a tumor suppressor, which targets the c-MYC, MUC-1 and FSCN1 genes.
Our aim was to evaluate the expression profile of miR-145 in low-grade non-invasive
and high-grade invasive bladder urothelial carcinomas.

Materials and Methods: We studied 30 specimens of low-grade, non-invasive pTa and
30 of pT2/pT3 high-grade invasive UC obtained by transurethral resection or radical cys-
tectomy, followed over a mean time of 16.1 months. Normal controls were represented by
five samples of normal bladder biopsy from patients who underwent retropubic prostatec-
tomy to treat BPH. miRNA extraction and cDNA generation were performed using com-
mercial kits. Analysis was performed by qRT-PCR, and miR-145 expression was calculated
using the 2-42< method; we used RNU-43 and RNU-48 as endogenous controls.

Results: miR-145 was under-expressed in 73.3% and 86.7% of pTa and pT2/pT3, res-
pectively, with expression means of 1.61 for the former and 0.66 for the last. There were
no significant differences in miR-145 expression and histological grade, tumor stage,
angiolymphatic neoplastic invasion and tumor recurrence.

Conclusion: miR-145 is under-expressed in low-grade, non-invasive and high-grade
invasive urothelial bladder carcinoma and may play an important role in the carcino-
genesis pathway, being an interesting candidate diagnostic marker.
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INTRODUCTION

Bladder cancer (BC) is the second most
common malignancy of the urinary tract, and ap-
proximately 383,300 new cases are estimated to
be diagnosed in 2011 (1). Ninety percent of BC are
urothelial carcinomas (UC), previously known as
transitional cell carcinomas, and the majority are
papillary low-grade, non-muscle invasive cancers
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that recur in up to 80% of cases but rarely progress
to muscle invasion (2,3). In contrast, 10 to 20% of
tumors are muscle invasive at diagnosis, and 50%
of patients die from metastatic disease (4).

The molecular pathways underlying the
two main distinct types of UC, low-grade non-
-muscle invasive UC and high-grade muscle in-
vasive UC (2,5) have been investigated to identify
new potential markers for diagnosis, disease mo-



nitoring, prognosis and the development of new
targeted therapies (2,6).The most common genetic
alteration of BC associated with low-grade and
low-stage is an activating mutation of the fibro-
blast growth factor receptor 3 (FGFR3) gene (6,7),
whereas mutations in p53, retinoblastoma (RB1)
and PTEN have been identified as being charac-
teristic of the carcinogenesis pathway for high-
-grade invasive BC (7-9).

The FGFR3 gene belongs to the growth
factor receptor family related to the tyrosine ki-
nase signaling pathway, which plays an important
role in embryogenesis, development, angiogenesis,
wound healing, tissue homeostasis and tumorige-
nesis, by regulating the processes of cellular pro-
liferation, migration and apoptosis (7). Mutations
are the primary phenomenon related to FGFR3
dysfunction by allowing ligand-independent ope-
ration (7,10).

P53, RB1 and PTEN are traditional tumor
suppressor genes that work together and trigger
BC carcinogenic pathways through several me-
chanisms, ranging from missense mutation and
subsequently loss-of-function (9). Moreover, PTEN
gene is another tumor suppressor and play roles in
cell proliferation, migrations and invasion trou-
gh PI3K/AKT/mTOR carcinogenic pathway (3,9).
Despite PTEN is related to development of non-
-invasive tumors, it is much more associated with
promoters pathways and progression of invasive
neoplasias. Other events are also related to alte-
rations in protein expression, including DNA me-
thylation, histone acetylation and abnormalities
in the expression of microRNAs that contribute to
the development and progression of BC.

MicroRNAs (miRNAs) are members of
small single-stranded regulatory RNAs (21-25
nucleotides) that can suppress translation or pro-
mote degradation of mRNAs, thereby regulating
the expression of target genes, including trans-
cription factors, oncogenes and tumor suppres-
sor genes. MicroRNAs have been reported to be
differentially expressed in several types of can-
cers. Currently, there are more than 1400 miRNAs
identified in humans, and up to 30% of genes are
thought to be regulated by miRNAs (11). MicroR-
NAs are involved in cell development, differen-
tiation, apoptosis, tissue homeostasis and several
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metabolic pathways (12-15) and have been related
to carcinogenesis by acting as negative regulators
of genes related to cancer, as exemplified by the
effects of miR-15a and miR-16-1 on BCL2 mRNA,
miR-143 and miR-let7c on RAS mRNA as well as
miR-21 on p53 mRNA (16-19).

miR-145 is located in chromosome 5q32
and is widely established as a tumor suppressor.
Several studies have validated miR-145 as an
inhibitor of cellular proliferation, apoptosis, in-
vasiveness and metastasis, as it is down-regula-
ted in an array of cancers including those of the
colorectum, lung, breast and prostate (20-22). In
colorectal cancer, it was firstly demonstrated that
down-regulation of miR-145 is involved with
malignancies where miR-145 may play a role in
tumor initiation (23,24). In BC, a Japanese group
previously showed under-expression of miR-145
that normally targets the oncogenes KRT-7 and
FSCN1 (25,26). However, they have not related
miR-145 expression with important prognostic
factors or performed any follow-up. Our aim is to
study the expression profile of miR-145 in low-
-grade, non-invasive and high-grade invasive BC,
speculating on its potential role as a prognostic or
diagnostic marker.

MATERIALS AND METHODS

Patients

Specimens of 30 low-grade, non-invasive,
staged pTa and 30 high-grade invasive, staged
pT2/pT3 urothelial carcinomas obtained from pa-
tients who underwent transurethral resection or
radical cystectomy were the subject of the study.
Seventy-three percent of patients were male, and
the mean age was 66.5 years, ranging from 41 to
86 years. As a control, we used normal bladder tis-
sue from five patients who underwent retropubic
prostatectomy to treat benign prostatic hyperpla-
sia. All patients provided informed consent, and
the study design was approved by the Institutional
Board of Ethics, Protocol #0176/10.

A 1 cm? fragment of tumor tissue was im-
mediately frozen and stored at -80°C for molecu-
lar studies. The remaining tissue was fixed in 10%
formalin, routinely processed and stained with he-
matoxylin and eosin for histological examination.



Only low-grade, non-invasive pTa and high-grade
invasive pT2/pT3 tumors were included in the stu-
dy. For tumor grading, we used the WHO/ISUP
2004 and for staging AJCC/TNM 2010 classifica-
tions. The mean follow-up time was 16.1 months.

miRNA extraction and amplification

MiR-145 was isolated using a mirVana Kit®
(Applied Biosystems, CA, USA) according to the
manufacturer’s instructions, and the concentra-
tion was determined by 260/280 nm absorbance
using a Nanodrop® ND-1000 spectrophotometer
(Thermo Scientific). miRNA cDNA was generated
using a Tagman MicroRNA Reverse Transcription
Kit® (Applied Biosystems, CA, USA). miRNA reac-
tions were incubated at 16°C for 30 min, 42°C for
30 min and 85°C for 5 min. The cDNA was stored
at -20°C until further use.

For miRNA amplification, a Tagman Rea-
gent Kit® (Applied Biosystems, CA, USA) and the
7500 Fast Real-Time PCR System® (Applied Bio-
systems, CA, USA) were used.

Expression profiles of miR-145 were obtai-
ned by relative quantification determined by the
2-44<t method. The formula includes the following
mathematic sentences: AACT = dCT, - dCT,, where
dCT, = CT of miRNA-target, (tumor sample) - CT
of mean of endogenous control (tumor sample),
and dCT, = CT of mean of normal controls (nor-
mal bladder samples) - CT of mean of endogenous
control (normal bladder samples). The final result
is obtained by application of 2-***method and fin-
dings greater and smaller than 1 are considerate
over and under-expressed, respectively.

The reactions were conducted in duplica-
te, and RNU-43 and RNU-48 were used as endo-
genous controls. Endogenous RNUs are miRNAs
produced by cell machinery and they do not play
roles over cellular functions and show a stable
behavior. Thus, they were used to stardardize the
values in mathematic formula.

Statistical analysis
Mann-Whitney U tests, ANOVA and T tests

were used to compare miR-145 expression levels
with tumor grade, stage and angiolymphatic in-
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vasion, respectively. The distribution of the ex-
pression levels of miR-145 was skewed; therefore,
the data were log-transformed for analyses. The
results are presented as the geometric means at a
95% confidence interval (95% CI). The number 1
in logarithmic graphics represent normal bladder
samples and the expression levels are represented
at times, for overexpression (greater than 1) or un-
derexpression (smaller than 1).

RESULTS

miR-145 was under-expressed in 73.3%
(22/30) and 86.7% (26/30) of pTa and pT2/pT3,
respectively, as presented in Figure-1. Although
both groups showed miR-145 under-expressed,
we can observe that levels of under-expression
were more evident in pT2/pT3 group. Further-
more, when we consider samples over-expressed
(8/30 for pTa and 4/30 for pT2/pT3), the levels of
over-expression were greater in low-grade, non-
-invasive pTa group, when compared with high-
-grade invasive pT2/pT3 tumors.

Expression values of miR-145 in pTa, pT2/
pT3 and normal bladder controls are represented
in Table-1. The mean and median expression of

Figure 1 - Expression levels (fold-change) of miR-145 in pTa
and pT2/pT3 tumors.
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Table 1 - pTa, pT2/pT3 and controls dCTs and expression values for both tumor groups. dCT = miR-145 amplification value -
mean of RNU-43 and RNU-48 amplification value. Final expression values were obtained by 2-*ct method .

pTa Avg dCT Expression pT2/pT3 Avg dCT Expression Value Normal Bladder Avg dCT
Samples Value Samples Sample

1 1.241 0.422 1 2.956 0.129 1 1.193
2 3.460 0.090 2 -3.358 10.25 2 -0.713
3 2.793 0.144 3 0.142 0.906 3 0.337
4 5.436 0.023 4 0.566 0.675 4 2.655
5 4.885 0.033 5 -1.058 2.080 5 -3.477
6 1.793 0.288 6 2.983 0.126

7 -1.187 2.275 7 2.218 0.215

8 -3.177 9.037 8 2.416 0.187

9 -4.590 24.06 9 2.708 0.153

10 -1.982 3.947 10 3.934 0.065

1" 0.856 0.552 1 4.866 0.034

12 -0.515 1.428 12 7.073 0.008

13 0.490 0.711 13 3.278 0.103

14 1.621 0.324 14 0.482 0.715

15 -0.031 1.021 15 3.983 0.063

16 4.814 0.035 16 3.736 0.075

17 1.295 0.407 17 2.503 0.176

18 2.755 0.148 18 2.485 0.178

19 5.222 0.026 19 3.196 0.109

20 2.010 0.248 20 1.284 0.410

21 3.938 0.065 21 10.871 0.0005

22 2.980 0.126 22 -0.489 1.402

23 4.476 0.044 23 14.465 4E-05

24 -0.768 1.701 24 11.927 0,0003

25 -0.001 1.000 25 -0.216 1.160

26 9.003 0.001 26 7.520 0.005

27 3.056 0.120 21 8.858 0.002

28 4.665 0.039 28 13.608 8E-05

29 5.819 0.017 29 12.383 0.0001

30 5.397 0.023 30 0.895 0.537
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miR-145 was 1.61 and 0.2 (0.002 - 24.07) in pTa
and 0.66 and 0.13 (4.4E-05 - 10.25) in pT2/pT3,
respectively. We observed no significant differen-
ces when we compared miR-145 expression in pTa
and pT2/pT3 when considering grade (p = 0.27),
stage (p = 0.48) and angiolymphatic invasion (p =
0.89). Additionally, there was no difference regar-
ding tumor recurrence (Table-2).

cause its negative regulation of target mRNAs in-
volved in control of cell cycle, apoptosis, inva-
siveness and metastasis, exerting a fundamental
role in cellular and tissue homeostasis (22-24,28).

The first report of miR-145 under-expres-
sion was performed by Michael et al. (23) in a stu-
dy suggesting that these alterations could be in-
volved in the initiation of colorectal cancer. These

Table 2 - Comparison of miR-145 by grade, stage, angiolymphatic invasion and tumor recurrence.

Low grade  High grade pTa (30) pT2-3 (30) Angiolymphatic tumor Tumor recurrence
(30) (30) embolization
miR-145 1.61 0.66 1.61 0.66 Yes No Yes No
(16) (44) (29) (31)

Mean 0.20 0.13 0.20 0.13 1.03 1.41 0.43 1.93
Median 0.002 4.4-5 0.002 4.4-5 0.12 0.15
Min 24.07 10.25 24.07 10.25 4.4-5 8.0-5
Max 10.25 24.07
P value 0.27 0.48 0.89 0.44
DISCUSSION findings were confirmed by Shi et al. (24) who

Although we did not detect any differences
in miR-145 expression between low- and high-
-grade tumors, our results show that this miRNA
is under-expressed in both urothelial carcinomas;
the lowest miRNA levels were detected in the se-
cond group (86.7%). We did not include pT1 and
Cis tumors because they have genetic molecular
profiles that harbor both the carcinogenic pa-
thway of pTa, as of the pT2/pT3.

In BC, miR-145 can silence a large num-
ber of genes and has been involved in bladder
carcinogenesis. Ichimi et al. (27) have previously
shown miR-145 under-expression in BC by micro-
array and gqRT-PCR, but they did not characterize
the relationship between miR-145 expression with
histological grading, staging or tumor behavior.

MiR-145 is located on chromosome 5q32
and is considered a tumor suppressor miRNA be-
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showed that miR-145 under-expression was asso-
ciated with malignant tumors.

Accumulating evidence suggest that mi-
croRNAs could be key players in regulation of tu-
mor cell invasion and metastasis. Sachdeva and Mo
(27) have shown in breast cancer cells lines that
miR-145 targets Mucin 1 (MUC-1) gene, involved
in initiation, invasiveness and tumor dissemination.
Another miR-145 target is c-MYC (22). miR-145
inhibits ¢-MYC, a negative regulator of p21, and
loss of miR-145 expression could be involved in a
failure of c-MYC regulation, lowering levels of p21
and increasing cellular proliferation rate. C-MYC
over-expression could also stimulate CDK-4/6 and
cyclin D1, promoting RB1 phosphorylation, which
would also trigger mitosis and cellular proliferation.
The other role of miR-145 is to enhance p53 func-
tion by MDM-2 indirect inhibition (6). P53 gene is
one of the main indirect targets of miR-145 and is



directly related to the high-grade invasive BC car-
cinogenesis pathway. In 2009, Sachdeva et al. (22)
observed that, under physiological conditions, hi-
gher levels of p53 due to cellular stress leads to
increased levels of miR-145 through p53 response
element (p53RE). P53 can also trigger the enzyma-
tic machinery of microRNAs, mainly the RNase III
Drosha, promoting higher expression levels of se-
veral microRNAs including miR-145. Loss of p53
function through mutations could generate a lack
of production and consequent under-expression of
miR-145 (28).

Spizzo et al. (29) demonstrated a tumor
suppressor role of miR-145, preventing cell gro-
wth and inducing apoptosis through stimulation
of p53, by transfecting miR-145 into breast cancer
cell lines. This experiment could suggest a thera-
peutic use of miR-145 in tumors.

The FSCN1 gene is another target of miR-
145. The protein product of this gene is required
to form protrusions of the cellular membrane and
cytoplasmic movements related to migration. In
malignant neoplasms, FSCN1 activity has been
correlated to high-grade disease, extensive inva-
sion, metastasis and poor prognosis (30). Chiyo-
maru et al. (26) concluded that there is an asso-
ciation between FSCN1 oncogene over-expression
due to miR-145 under-expression in BC, which
leads to a more aggressive phenotype. The authors
found a positive correlation between high tumor
stage and low levels of miR-145. However, we did
not find a relationship between miR-145 expres-
sion and tumor grade, stage or angiolymphatic tu-
mor embolization.

We also investigated the levels of miR-145
with tumor recurrence and found no association
between both groups. Here, we can make the case
that miR-145 is important to tumor carcinogenesis
and triggers low-grade, non-invasive pTa tumori-
genesis through the lack of control of AKT. We also
speculate that miR-145 is involved in our cases of
high-grade invasive pT2/pT3 carcinomas through
MUC-1, c-MYC, p53 and FSCN1 deregulation.

The casuistic was limited, and groups gre-
ater than 30 samples are wished. Maybe this fact
could really be related to absence of statistical di-
fferences. Another limitation was a short follow-up.

CONCLUSIONS

MiR-145 is a well-characterized tumor su-
ppressor miRNA. We hypothesize that lack of pro-
tector role promoted by this miRNA over probable
target genes PI3K/AKT, FSCN1, MDM2, c-Myc and
MUC-1 could be involved in carcinogenic process
of low-grade, non-invasive and high-grade inva-
sive urothelial carcinomas, triggering their carci-
nogenesis. Since we found miR-145 widely under-
-expressed in both tumor groups, we speculate its
use as a possible diagnostic marker. These findings
should be tested in experimental models.
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FGFR3: fibroblast growth factor receptor 3

ISUP: International Society of Urological Pathology
RB1: retinoblastoma gene

PTEN: phosphatase and tensin homolog gene
WHO: World Health Organization

ACKNOWLEDGEMENTS

Sponsor by: FAPESP 10/50824-1

CONFLICT OF INTEREST

None declared.

REFERENCES

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D:
Global cancer statistics. CA Cancer J Clin. 2011; 61: 69-90.
Epub 2011 Feb 4. Erratum in: CA Cancer J Clin. 2011; 61: 134.

2. Jebar AH, Hurst CD, Tomlinson DC, Johnston C, Taylor CF,
Knowles MA: FGFR3 and Ras gene mutations are mutually
exclusive genetic events in urothelial cell carcinoma. Onco-
gene. 2005; 24: 5218-25.

3. McConkey DJ, Lee S, Choi W, Tran M, Majewski T, Lee

100



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

S, et al.: Molecular genetics of bladder cancer: Emerging
mechanisms of tumor initiation and progression. Urol On-
col. 2010; 28: 429-40.

Borden LS Jr, Clark PE, Hall MC: Bladder cancer. Curr Opin
Oncol. 2005; 17: 275-80.

van Rhijn BW, van der Kwast TH, Vis AN, Kirkels WJ, Boevé
ER, Jébsis AC, et al.: FGFR3 and P53 characterize alterna-
tive genetic pathways in the pathogenesis of urothelial cell
carcinoma. Cancer Res. 2004 15; 64: 1911-4.
Castillo-Martin M, Domingo-Domenech J, Karni-Schmidt
0, Matos T, Cordon-Cardo C: Molecular pathways of uro-
thelial development and bladder tumorigenesis. Urol Oncol.
2010; 28: 401-8.

Pandith AA, Shah ZA, Siddigi MA: Oncogenic role of fibro-
blast growth factor receptor 3 in tumorigenesis of urinary
bladder cancer. Urol Oncol. 2010; 3. [Epub ahead of print]
Bakkar AA, Wallerand H, Radvanyi F, Lahaye JB, Pissard S,
Lecerf L, et al.: FGFR3 and TP53 gene mutations define two
distinct pathways in urothelial cell carcinoma of the blad-
der. Cancer Res. 2003; 63: 8108-12.

Wu XR: Biology of urothelial tumorigenesis: insights from
genetically engineered mice. Cancer Metastasis Rev. 2009;
28: 281-90.

Ornitz DM, Xu J, Colvin JS, McEwen DG, MacArthur CA,
Coulier F, et al.: J Biol Chem. 1996 21; 271: 15292-7.
Lewis BP, Burge CB, Bartel DP: Conserved seed pairing,
often flanked by adenosines, indicates that thousands of
human genes are microRNA targets. Cell. 2005 14; 120:
15-20.

Ambros V: MicroRNA pathways in flies and worms: growth,
death, fat, stress, and timing. Cell. 2003 13; 113: 673-6.
Review. Erratum in: Cell. 2003; 114: 269.

Bartel DP: MicroRNAs: genomics, biogenesis, mechanism,
and function. Cell. 2004; 116: 281-97.

Croce CM, Calin GA: miRNAs, cancer, and stem cell divi-
sion. Cell. 2005; 122: 6-7.

Blenkiron C, Miska EA: miRNAs in cancer: approaches, ae-
tiology, diagnostics and therapy. Hum Mol Genet. 2007; 16
Spec No 1: R106-13.

Cimmino A, Calin GA, Fabbri M, lorio MV, Ferracin M, Shi-
mizu M, et al.: miR-15 and miR-16 induce apoptosis by tar-
geting BCL2. Proc Natl Acad Sci U S A. 2005; 102: 13944-
9. Erratum in: Proc Natl Acad Sci U S A. 2006; 103: 2464.
Lin T, Dong W, Huang J, Pan Q, Fan X, Zhang G, et al.
MicroRNA-143 as a tumor suppressor for bladder cancer. J
Urol. 2009; 181: 1372-80.

Johnson SM, Grosshans H, Shingara J, Byrom M, Jarvis
R, Cheng A, et al.: RAS is regulated by the let-7 microRNA
family. Cell. 2005; 120: 635-47.

Catto JW, Miah S, Owen HC, Bryant H, Myers K, Dudziec E,

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

101

et al.: Distinct microRNA alterations characterize high- and
low-grade bladder cancer. Cancer Res. 2009; 69: 8472-81.
Ozen M, Creighton CJ, Ozdemir M, Ittmann M: Widespread
deregulation of microRNA expression in human prostate
cancer. Oncogene. 2008; 27: 1788-93.

Izzotti A, Calin GA, Arrigo P, Steele VE, Croce CM, De Flora
S: Downregulation of microRNA expression in the lungs
of rats exposed to cigarette smoke. FASEB J. 2009; 23:
806-12.

Sachdeva M, Zhu S, Wu F, Wu H, Walia V, Kumar S, et al.:
p53 represses ¢-Myc through induction of the tumor sup-
pressor miR-145. Proc Natl Acad Sci U S A. 2009; 106:
3207-12.

Michael MZ, O’ Connor SM, van Holst Pellekaan NG,
Young GP, James RJ: Reduced accumulation of specific
microRNAs in colorectal neoplasia. Mol Cancer Res. 2003;
1: 882-91.

Shi B, Sepp-Lorenzino L, Prisco M, Linsley P, deAngelis
T, Baserga R: Micro RNA 145 targets the insulin receptor
substrate-1 and inhibits the growth of colon cancer cells. J
Biol Chem. 2007 9; 282: 32582-90.

Ichimi T, Enokida H, Okuno Y, Kunimoto R, Chiyomaru T,
Kawamoto K, et al.: Identification of novel microRNA tar-
gets based on microRNA signatures in bladder cancer. Int J
Cancer. 2009; 125: 345-52.

Chiyomaru T, Enokida H, Tatarano S, Kawahara K, Uchida Y,
Nishiyama K, et al.: miR-145 and miR-133a function as tu-
mour suppressors and directly regulate FSCN1 expression
in bladder cancer. Br J Cancer. 2010; 102: 883-91.
Sachdeva M, Mo YY: miR-145-mediated suppression of
cell growth, invasion and metastasis. Am J Transl Res.
2010; 2: 170-80.

Suzuki HI, Yamagata K, Sugimoto K, lwamoto T, Kato S,
Miyazono K: Modulation of microRNA processing by p53.
Nature. 2009; 460: 529-33.

Spizzo R, Nicoloso MS, Lupini L, Lu Y, Fogarty J, Rossi
S, et al.: miR-145 participates with TP53 in a death-pro-
moting regulatory loop and targets estrogen receptor-alpha
in human breast cancer cells. Cell Death Differ. 2010; 17:
246-54.

Vignjevic D, Kojima S, Aratyn Y, Danciu O, Svitkina T, Bori-
sy GG: Role of fascin in filopodial protrusion. J Cell Biol.
2006; 174: 863-75.

Correspondence address:
Dr. Nelson Gaspar Dip Junior

Av. Dr. Arnaldo 455, room 2145
Sao Paulo, 01246-903, SP, Brazil
Telephone/Fax: + 55 11 3061-7183
E-mail: nelson.dip@hotmail.com



EDITORIAL COMMENT

Recently discovered, the micro RNAs have
been extensively studied in recent years in several
malignancies. This paper brings relevant new infor-
mation about the role of a micro RNA in two ex-
tremes of urothelial BC: the low grade pTa and the
high grade invasive ones (pT2/3). The result shows
a reduced action of this miR as in low risk pTa, as in
invasive BC. Theorically, target therapies that im-
prove or regenerate the actions of miR145 could be
planned in the future if these findings are validated.

The authors did not investigate pT1 and in
situ (CIS) BC, justifying that these tumors have di-
fferent carcinogenic pathways.

Meanwhile, I think it would be interesting
to test miR145 in pT1 and in CIS, to be sure that
this micro RNA is really not involved in the car-
cinogenic process of these high risk non-muscle
invasive bladder tumors. Some of pT1 tumors e.g.,
presents as recurrence after the treatment of pTa
lesions and CIS can co exist side by side of some
papillary lesions. Are theses lesions independent?

In the future, other interesting issue con-
cerning recurrent non-muscle invasive BCs might
to investigate if intravesical BCG instillations could
influence (restore?) the miR145 expression.

Dr. Sténio de Cdssio Zequi

Mestre e Doutor em Oncologia-Fundacdo
Antonio Prudente, SP

Urologia-Rua Batataes, 391, 40. andar
Jardim Paulista, 01423-010, SP, Brazil
Telephone: + 55 11 3884-9103

E-mail: steniozequi@uol.com.br
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ABSTRACT

Purpose: In this paper we present our experience with dissolution therapy of radiolucent
calculi.

Materials and Methods: This was a retrospective analysis of patients who were offered
urinary dissolution therapy between January 2010 and June 2011. Patients were trea-
ted with tablets containing potassium citrate and magnesium oxide. Partial dissolution
was defined as at least a 50% reduction in stone size. Patients with complete or partial
dissolution were classified in the successful dissolution group. Patients with no change,
inadequate reduction, increase in stone size and those unable to tolerate alkali therapy
were classified as failures. Patient sex, stenting before alkalinization, stone size, urine pH
at presentation and serum uric acid levels were analyzed using Fisher t-test for an asso-
ciation with successful dissolution.

Results: OQut of 67, 48 patients reported for follow up. 10 (15%) had complete dissolu-
tion and 13 (19%) had partial dissolution. Alkalinization was unsuccessful in achieving
dissolution in 25 (37%). Stenting before alkalinization, patient weight (< 60 vs. > 75kg)
and serum uric acid levels (< 6 vs. > 6) were the only factors to significantly affected
dissolution rates (p = 0.039, p 0.035, p 0.01 respectively).

Conclusions: A policy of offering dissolution therapy to patients with radiolucent calculi
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had a successful outcome in 34% of patients.

INTRODUCTION

Pure uric acid calculi offer the urologist a
unique opportunity to manage stones medically.
Factors implicated in uric acid stone formation in-
clude a persistently acidic urine, dehydration cau-
sing low urine volumes and hyperuricosuria. Of the-
se, alteration in urinary pH appears to be the most
important contributory mechanism. Urinary disso-
lution therapy for management of uric acid calculi
would currently qualify as standard of care (1). In an
outpatient setting, however, it is rare to find a pa-
tient with a proven uric acid calculus. The only sure
way of diagnosing an uric acid calculus is by doing
a stone analysis, which, due to obvious reasons, is
not feasible. While CT Honsefield density and sto-
ne density to stone size can suggest the presence

of an uric acid calculus, non-contrast CT is not a
routine investigation at our institution. A practical
surrogate is to treat radiolucent calculi with urinary
alkalinization.

Potassium citrate and sodium bicarbonate
are commonly used for alkalinization. Potassium ci-
trate is preferable as potassium urate is more soluble
than sodium urate and the addition of sodium re-
sults in a concomitant increase in sodium (2). Alka-
linization using intravenous lactate and contact
chemolysis using irrigation of the pelvicalyceal sys-
tem with tromethamine or sodium bicarbonate are
effective options (3). The success of oral chemolysis
has rendered these approaches obsolete. At our hos-
pital we have been advocating oral dissolution the-
rapy for patients presenting with radiolucent stones.
We present an audit of this practice.
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MATERIALS AND METHODS

This was a retrospective analysis done after
obtaining approval from our ethics committee. Pa-
tients who were offered urinary dissolution therapy
between January 2010 and June 2011 at our ins-
titution were included. Patients with calculi noted
on ultrasound but not seen on an x-ray KUB were
included in the study. Affected systems were sten-
ted before alkalinization in the presence of stones
causing obstruction, febrile urinary tract infection,
renal failure or recurrent pain. Patients were star-
ted on 978 mg tablets of potassium magnesium
citrate. Each tablet contained 7mEq of potassium,
3.5mEq of magnesium and 10.5mEq of citrate.

Emphasis was laid on taking the tablets
with an empty stomach ensuring a gap of at le-
ast two hours between meal times and tablets. The
initial dose was two tablets three times a day. All
patients were taught home monitoring of morning
urine using a pH strip. Patients reported urinary
pH on phone after 7 days. Drug dosage was adjus-
ted to maintain urine pH between 6 and 7. Com-
pliance with treatment and urinary pH monitoring
results were self reported.

Ultrasonography was advised after one to
six months on alkali therapy to assess stone size.
Partial dissolution was defined as at least a 50%
reduction in stone size. Patients with complete or
partial dissolution were classified in the succes-
sful dissolution group. Patients with no change,
inadequate reduction, increase in stone size and
those refusing to take the tablets due to upper gas-
trointestinal side effects were classified as failures.
Patient sex, stenting before alkalinization, stone

size, urine pH at presentation and serum uric acid
levels were analyzed using Fisher t-test to look for
an association with successful dissolution.

RESULTS

All patients underwent an initial evalua-
tion with routine blood chemistry, ultrasonogra-
phy and an x-ray KUB. 67 patients with radio-
lucent calculi were offered urinary alkalinization.
Of these, 48 (71%) had an adequate follow-up. Ten
(15%) had complete dissolution and 13 (19%) had
partial dissolution. Alkalinization was unsuccess-
ful in achieving dissolution in 25 (37%) (Table-1).
Patients were taught domiciliary monitoring of
urinary pH using pH strips. Urinary alkalinization
was achieved as early as three days after starting
therapy. Two tablets 3 times a day achieved ade-
quate alkalinization in 39 patients. Five patients
required dose reduction to one tablet 3 times a day.
Three patients required dose escalation to 9 tablets
a day and one patient who eventually had succes-
sful dissolution needed 15 tablets a day. The mean
duration at which stone clearance was reported
was 103.6 + 89 days. In the group that underwent
successful dissolution stone bulk was larger (17.45
vs. 14.8 mm), patients weighed less (58 vs. 68.9 kg),
uric acid levels were lower (4.9 vs. 6.22) and uri-
ne was more acidic at presentation (5.59 vs. 5.90)
(Table-2). However, on applying the Fisher single
tailed exact t-test, stenting before alkalinization,
patient weight (< 60 vs. > 75kg) and serum uric
acid levels (< 6 vs. > 6) were the only factors to
significantly affected dissolution rates (p = 0.039,
p 0.035, p 0.01 respectively). Stone size (< 10 mm

Table 1 - Dissolution rates and stone sizes hefore and after treatment in each group.

Group n (%) Pre Rx size(mm) Post Rx size(mm)
Complete Dissolution 10 (15%) 15.67 0

Partial Dissolution 13 (19%) 18.9 6.74

No change/ increase 25 (37%) 14.8 15.9

Lost to follow up 19 (29%) 10.9 -
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Table 2 - Statistical significance of factors affecting dissolution.

Factors P value
Stented vs nonstented 0.039
Weight < 60 vs. > 75 0.035
Serum uric acid (< vs. > 6mg/dL) 0.01
Stone size <10 vs. > 10mm 0.136
Urine pH<5.5vs. >6 0.11
Sex 0.07

vs. > 10 mm), urine pH at presentation (< 5.5 vs. >
6) of and sex of the patient did not affect success
rates (p 0.14, 0.11 and 0.07 respectively) (Table-3).
Stone analysis was available in 6 patients who
underwent surgical intervention following failure
of dissolution. Five of these had predominantly
calcium oxalate stones. One patient had a stone
composed of 80% uric acid and 20% calcium oxa-
late dihydrate.

DISCUSSION

Urinary dissolution for uric acid stones is
now standard therapy. In a clinical scenario, ho-
wever, the stone analysis is usually unavailable.
Pointers which suggest the presence of uric acid
stones include radiolucency on an X-ray KUB, a
CT Hounsefield density of 200-400 or a ratio of

stone density to stone size of < 80HU/mm (4,5).
At our institution ultrasonography and x-ray KUB
continue to remain the mainstays of diagnosis.
Stones which are evident on ultrasonography but
not seen on a plain radiograph are offered dis-
solution therapy based on a surrogate diagnosis
of possible uric acid urolithiasis. In this paper we
present an audit of our practice.

Consumption of a typically vegetarian diet
prevalent in this region results in alkalinization
of urine. A careful history of meal timings and
daily routines was taken. Patients were advised to
take their tablets at least two hours before or af-
ter meals. Urine pH however was monitored only
once a day. As far as feasible, patients were ad-
vised to check the first voided sample. A magne-
sium containing formulation was used due to the
known additional inhibitory effects of magnesium
on stone formation. We acknowledge that it is not
a necessary ingredient if the only goal is urinary
alkalinization.

The first major hurdle faced in dissolution
therapy was compliance. Almost one-third of our
patients were lost to follow-up after being started
on therapy. Of those who did remain on follow-up
many had to be repeatedly persuaded to continue
with drug therapy. The size of the tablets was a
constant complaint by patients who baulked at the
idea of taking two large tablets 3 times a day. Phar-
maceutical research into once a day dosing will
be a significant step in improving compliance. As
most patients who are started on dissolution the-
rapy are those who are asymptomatic and without
any complications, an extra degree of motivation is

Table 3 - Comparison of baseline factors in patients undergoing successful dissolution and failures.

Factor

Mean value in patients with

Mean values in failures

successful dissolution

Stone size (mm) 17.45
Patient weight (kg) 58
Urine pH at presentation 5.59
Serum uric acid (mg/dL) 49

14.8

68.9

5.90

6.22
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essential in continuing treatment. We believe that
the only plausible explanation of the better results
seen in patients who had undergone stenting is
that these symptomatic patients were more com-
pliant with their treatment.

An important question is the duration for
which therapy needs to be given. Trincheri et al.
have reported complete dissolution in 5 out of 8
patients after treatment ranging from 6 weeks to 6
months (6). A wide variation is evident in our re-
sults where stone clearance was reported at 103.6
+ 89 days. We recommend continuation of alka-
linization for at least 6 months in patients who
show a partial dissolution.

Although statistically not significant, lar-
ger stones seemed to respond better to therapy.
This, we believe, was more attributable to the
lower sensitivity of plain radiographs at smaller
stone sizes than the actual ability of treatment to
achieve dissolution. The sensitivity of plain radio-
graphs of the KUB region has been reported to
be between 48-63% (7,8). Smaller calcium stones
are more likely to be missed on x-rays and will
obviously not respond to urinary alkalinization.
Where stone analysis was available, failures were
noted in patients with calcium bearing stones.
Thus a potential drawback of our approach of
offering dissolution to patients with radiolucent
calculi is the invariable inclusion of a proportion
of patients with calcium stones who are unlikely
to respond.

Better results with lower uric acid levels
can be explained on the basis of possible renal hy-
pouricaemia in our patient population. Mutations
in URAT1 and SCL2A9 result in decreased reab-
sorption in the proximal tubule. This results in
hyperuricosuria along with low or normal serum
uric acid levels (7-9). Similar mechanisms may
contribute to idiopathic uric acid nephrolithiasis.
This would explain a higher likelihood of uric acid
stones in patients with lower serum levels and
therefore a better response to dissolution therapy.

As compared to lean stone formers a hi-
gher prevalence of uric acid stones has been re-
ported in the obese (10,11). Maalouf et al. have
reported a linear decrease in urine pH with an in-
creasing weight in stone formers (12). Taylor has
also reported an inverse relationship between BMI

and urine pH (13). These facts seem to be in direct
conflict with the better dissolution rates seen in
patients with lower weight in our study. Other me-
tabolic abnormalities including a higher incidence
of hypocitraturia, larger potassium citrate requi-
rements and non-compliance with other dietary
restrictions may explain the poorer outcomes in
the obese.

Technical factors such as skin to stone
distance as well as operator experience affect the
results of ultrasonography as a diagnostic and
monitoring tool in urolithiasis. Recent studies re-
porting sensitivity varying from 40-73% reflect
these limitations of ultrasonography (14-16). Une-
nhanced CT scans, even with low dose protocols,
result in a significant radiation exposure rende-
ring them impractical for monitoring stone size
(17). Our protocol has been dependent on a single,
experienced radiologist, who has followed up all
our patients. The results of this study need to be
viewed in this context.

The intent of the paper was to audit our
established clinical protocol. While the quantitati-
ve excretion of uric acid and the volume of urine
affect uric acid stone formation, the most impor-
tant factor is urinary pH (18). All patients were en-
couraged to increase their water intake to at least
2 litres/day. Measurement of urinary output would
have been a desirable study parameter. However,
compliance issues make its applicability questio-
nable in the routine clinical scenario. Urinary uric
acid measurements could have altered the treat-
ment algorithm by helping to decide on the need
for xanthine oxidase inhibitors. Our protocol li-
mits itself to monitoring the most important para-
meter, namely urinary pH. We do not routinely do
urine cultures before starting alkalinization.

CONCLUSIONS

A policy of offering dissolution therapy to
patients with radiolucent calculi had a successful
outcome in 34% of patients. Compliance was a ma-
jor issue with 29% of patients failing to follow-up
after an initial visit. This approach invariably inclu-
des patients with calcium bearing stones. However,
the attractiveness and safety of dissolution therapy
justifies its use in patients with radiolucent calculi.
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We would recommend a trial of urinary alkalini-
zation in asymptomatic patients where ultrasono-
graphy diagnoses urolithiasis which is not seen on
a good quality radiograph.
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ABSTRACT ARTICLE INFO

Purpose: Many medicinal plants have been employed during ages to treat urinary stones
though the rationale behind their use is not well established. Thus, the present study was
proposed to evaluate the effect of coconut water as a prophylactic agent in experimen-
tally induced nephrolithiasis in a rat model.

Materials and Methods: The male Wistar rats were divided randomly into three groups.
Animals of group I (control) were fed standard rat diet. In group II, the animals were ad-
ministrated 0.75% ethylene glycol in drinking water for the induction of nephrolithiasis.
Group III animals were administrated coconut water in addition to ethylene glycol. All
the treatments were continued for a total duration of seven weeks.

Results and Conclusion: Treatment with coconut water inhibited crystal deposition in
renal tissue as well as reduced the number of crystals in urine. Furthermore, coconut
water also protected against impaired renal function and development of oxidative stress
in the kidneys. The results indicate that coconut water could be a potential candidate for
phytotherapy against urolithiasis.
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INTRODUCTION

Urolithiasis is a common ocurrence, affec-
ting up to 10%-15% of the population at some
point during their lifetime (1). Increased incidence
of kidney stones in the industrialized world is as-
sociated with improved standards of living, race,
ethnicity and geographical area (2). Studies by
Trinchieri et al. (3) reported recurrence rates of 50 -
75% after 10 and 20 years, respectively. Kidney sto-
nes composed of Ca0Ox, either alone or mixed with
calcium phosphate, are hitherto the most common
stones accounting for more than 80% of them (4).
Earlier studies have shown that tubular cell injury
facilitates calcium oxalate (CaOx) crystal formation
and deposition in the renal tubules (5). Similarly

various authors demonstrated that calcium oxala-
te crystals increased lipid peroxidation that further
led to renal epithelial injury (6,7).

Although during recent years development
of modern techniques such as extracorporeal sho-
ck wave lithotripsy and percutaneous nephrolitho-
tomy has revolutionized the surgical management
of the problem, yet not much progress has been
made towards the medical management of uroli-
thiasis. Many medicinal plants have been employed
during ages to treat urinary stones though their
mechanism of action is not well established throu-
gh systematic and pharmacological studies, except
for some composite herbal drugs and plants (8-10).

Coconut water (Cocos nucifera L.) is the
most nutritious wholesome beverage in all the
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coconut producing countries. Coconut water, the
liquid endosperm of coconut, contains sugars, vi-
tamins, minerals, proteins, free amino acids and
growth promoting factors. It is a natural isotonic
beverage and is acclaimed in the tropics for its
numerous medicinal properties. Coconut water
is an essential dietary ingredient of South India
where the incidence of urolithiasis is very low (11).
However, so far no systematic study has been re-
ported regarding the antiurolithiatic property of
coconut water. So the present study was designed
to evaluate the efficacy of coconut water on ethy-
lene glycol induced nephrolithiasis.

MATERIALS AND METHODS

Collection of coconut water

Fresh coconuts were purchased from the
market, broken carefully, liquid endosperm were
collected and used for each day experiment. Whi-
le purchasing coconuts from the market, the nuts
stored in cold conditions and from the same stock
were procured.

Animals

Male Wistar rats weighing 150-170 g were
housed in polypropylene cages in a room maintai-
ned at 25 + 1° C with alternate exposure to light
and dark for 12 hours. The animals were acclima-
tized for one month in polypropylene cages under
hygienic conditions. All procedures were done in
accordance with ethical guidelines for care & use
of laboratory animals and were approved by the
local experimental animal ethical committee. The
animals were provided standard animal feed and
water ad libitum. The standard rat diet was acqui-
red from Aashirwad Company (Ludhiana, Punjab,
India), and the composition of the diet is given
in Table-1. To induce urolithiasis in animals, they
were exposed to 0.75% ethylene glycol in their
drinking water for 7 weeks. The protocol to induce
urolithiasis was adapted from Huang et al. (12),
where the authors showed evidence that the admi-
nistration of “0.75 % ethylene glycol” in drinking
water can induce “urolithiasis” in male wistar rats.

Rats were divided into three groups of six
rats each and fed the following diet:

Group 1: Normal rat diet (control).

Group 2: Normal rat diet + 0.75% ethylene
glycol (EG) mixed with tap water for 7 weeks ad
libitum (12).

Group 3: Normal rat diet + 0.75% EG +
10% Coconut water for 7 weeks ad libitum.

Methods

A 10% of kidney homogenate was prepared
in 0.1 mM tris buffer (pH 7.4) and was used for
assaying lipid peroxidation (13), antioxidant enzy-
mes superoxide dismutase (14) and catalase (15).

All the animals were kept in individual
metabolic cages and urine samples were collec-
ted throughout 24hours, one day before sacrifi-
cing the animals. Blood was collected from orbi-
tal sinus under mild anesthetic conditions, using
diethyl ether as an anesthetic agent and animals
were sacrificed by cervical decapitation. Serum
was separated by centrifugation at 3,000 x g for
15 minutes, analyzed for creatinine (code no. FRE-
BCERMO0082) and urea (code no. FRCER0034) by
Erba Manheim diagnostic kits.

For the expression studies, total RNA was
isolated from kidney of rats using Trizole reagent
(Gibco BRL, UK). Single stranded cDNA was syn-
thesized using oligo dT 12-18 as primers and AMV
reverse transcriptase. The amplification of diffe-
rent antioxidant enzymes was carried out by using
specific primers viz, SOD (forward primer 5’- GCA
GAA GGC AAG CGG TGA AC-3’, reverse primer
5’- TAG CAG GAC AGC AGA TGA GT-3’, 446 bp),
catalase (forward primer 5- GCG AAT GGA GAG
GCA GTG TAC-3’, reverse primer 5- GAG TGA
CGT TGT CTT CAT TAG CAC TG-3’, 652 bp). GA-
PDH was chosen as house keeping gene (forward
primer 5’-TCT AAG AAA CAT GGC GGT CC-3’ re-
verse primer 5’-CAG TTA GCA GGC CAG CAG AT-
3’, 197bp) (16-20). PCR products were resolved on
1% agarose gels. The bands were identified based
on the product size using 100 bp ladder. The PCR
products were quantitated by densitometric scan-
ning using scion image software. The values were
expressed as percentages with respect to control.
The RT-PCR conditions were as follows: (1) re-
verse transcription, (30 minutes, 55° C for CAT,
SOD and 50 minutes 45° C for GAPDH) (2) initial
activation step, 2 minutes at 94° C (3) three step
cycling (34 cycles for GADPH , 26 cycles for SOD
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Table 1 - Composition of standard animal diet.

Elements Concentration (ppm)
v 1.5+04
Mn 122.4 + 0.6
Fe 817.5 £+ 54
Co 0.21+0.06
Ni 3.11+£0.04
Cu 16.99 + 0.05
Zn 64.03 + 1.07
As 2.22 +1.99
Se 0.54+£0.2
Br 5.67 + 0.87
Sr 23.85+1.0
Cr 2.7+0.2
Ingredients Amount (g)
Casein 18
Starch 25
Sucrose 25
Cellulose 14
Vitamin mixture 2

Salt mixture 6

Corn oil 10mL

and 30 cycles for CAT), each cycle consisting of
denaturation for 45 sec at 94° C followed by an-
nealing for 45 sec at 55.5° C and extension for 1
minutes at 68° C.

Though ideally, urine chemistry and the
pH should have been noted; based on our earlier
observation and those of others (21-23) it was as-
sumed that the urine chemistry & pH did not differ
significantly in the 3 groups of rats. A 24hours
urine collection was done for polarization micros-
copy to compare calcium oxalate crystallization in
the 3 groups. For analysis of crystalluria a drop of

urine sample was spread on a glass slide and visu-
alized under polarized light using Leica DM3000
light microscope (24).

For histopathological studies, the kidneys
were removed and their transverse sections were
fixed in 10% buffered formalin solution (pH 7).
The tissues were dehydrated and embedded in pa-
raffin wax (68 C). The paraffin sections were then
cut and finally stained with Delafield’s Hemato-
xylin and Eosin staining (H&E staining).

Data analysis

The results were expressed as mean +
standard deviation (S.D) for six animals in each
group. Kolmogorov Smirnov test was applied to
check the parametric distribution of the data. Di-
fferences between groups were assessed by one
way analysis of variance (ANOVA) using the SPSS
software package for Windows. Post hoc test was
performed for inter-group comparisons using the
least significance difference (LSD) test; significan-
ce at P-values < 0.001, < 0.01, < 0.05 have been
given respective symbols in the tables and figures.

RESULTS

To assess the renal function and injury,
creatinine & urea level in the serum was determi-
ned. Creatinine level was also found to be increa-
sed significantly (P < 0.001) in urolithiatic group II
animals. Urea in group II was found to be 70.92%
increased compared to control. However, admi-
nistration of coconut water significantly lowered
the level of creatinine and urea in group III ani-
mals (Table-2). In group II, lipid peroxidation was
found to be significantly elevated as compared to
group I rats. MDA level was found to be increa-
sed by 191.84 % in group Il compared to control
group (Table-3). Treatment with coconut water in
group III partly reversed this increase in MDA le-
vel. In urolithiatic animals, the gene expression of
SOD and CAT was significantly increased during
RT-PCR analysis (Figures 1 and 2a). Similarly, the
activity of SOD and CAT was found to be increa-
sed after the administration of ethylene glycol in
group II animals as compared to group I animals
(Figures 3a and 3b). However, the administration
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Table 2 - Effect of various treatments on serum creatinine and urea level in experimental rats.

Group | Group Il Group Il
Creatinine (mg/dL) 0.46 + 0.03 0.77 £ 0.02*** 0.57 + 0.01#
(+66.37%) (+23.86%)
Urea (mg/dL) 49.53 +2.94 84.66 + 4.44*** 68.03 + 3.95*#
(+70.92%) (+ 37.35%)

Values in brackets are percentage increase (+) or percentage decrease (-) compared with control (group I); *p < 0.05 **p < 0.01, ***p < 0.001 indicates
significant change in comparison with control group I; #p < 0.05, ##p < 0.01, ###p < 0.001 indicates significant change in comparison with group Il.

Table 3 - Effect of coconut water on Lipid peroxidation status
in the kidney.

Animal group Lipid peroxidation (mol MDA/mg
protein/15 min.)

Group | 13.36 + 3.36

Group I 38.99 £3.86™ (+191.84 %)

Group Il 27.68 + 2.45% (+107.18%)

Values in brackets are percentage increase (+) or percentage decrease (-)
compared with control (group I); *p < 0.05, **p < 0.01, ***p < 0.001 indica-
tes significant change in comparison with control group I; #p < 0.05, ##p <

0.01, ###p < 0.001 indicates significant change in comparison with group II.

of coconut water decreased the enzyme activity
of the SOD and CAT in the group Il compared to
group II (Figures 3a and 3b) but decrease in the
expression level of catalase in the group Il com-
pared to group II was not as that much as in case
of SOD (Figures 1, 2a and 2b).

On observing urine samples under pola-
rization microscope, no crystal deposition was
observed in control animals (Figure-4a), whereas
group Il rats revealed presence of abundant CaOx
crystals deposition (Figure-4b). In group III, a dras-
tic decrease in the number of urinary crystals was
observed (Figure-4c). The histopathological obser-
vation of renal tissue under light microscope sho-
wed normal architectural and intactness without

Figure 1 - Effect of various treatment on the expression level
of different antioxidant enzymes ( SOD, CAT and GAPDH).

Gplll

Ladder Gpl Gpll

any apparent damage in control rats. However, the
urolithiatic rats showed tubulae containing crys-
talline particles, mostly distal segments with con-
sequent dilation of distal tubules, thin loop and
collecting ducts. In group IIl, no depositions of
crystalline particles were observed (Figure-5c).

DISCUSSION

Coconut is grown and consumed largely in
South India where incidence of urolithiasis is low.
It is therefore pertinent to investigate the effect
of coconut water in nephrocalcinosis model of
male Wistar rats. Some investigators (21,25) have
studied various natural therapeutic agents in vivo
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Figure 2 - Densitometry scanning of antioxidant enzymes following RT PCR program using scion image software in different
groups. (A) Urolithiatic group Il vs group I(control), (B) coconut water treated vs group | (control).
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animal models. In the present study, efficacy of
coconut water was evaluated on ethylene glycol
induced nephrocalcinosis in male Wistar rats.
Stone formation in ethylene glycol fed animals
is caused by hyperoxaluria, which causes incre-
ased renal retention and excretion of oxalate
(26). Under hyperoxaluric condition, oxalate has
been reported to induce lipid peroxidation and to
cause renal damage by reacting with polyunsa-
turated fatty acids in the cell membrane (27). In

SOD CATALASE

SOD CATALASE

the present study lipid peroxidation was found
to be significantly increased during hyperoxalu-
ria (Table-3). The increased MDA content might
have resulted from an increase of free radicals
as a result of stress condition in the rats with
ethylene glycol intoxication. Administration of
coconut water was able to reduce the levels of
MDA (Table-3), thereby showing the potential of
coconut water as free radical scavenger. Our re-
sults revealed that oxalate exposure resulted in
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Figure 3 - Effect of coconut water administration on Superoxide dismutase (A) and Catalase activity (B) in kidney tissue of

animals in different groups.
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Values are expressed as mean + SD and percentage increase (+) or percentage decrease (-) compared with control (group I); *p < 0.05, **p < 0.01,
***p < 0.001 indicates significant change in comparison with control group |, #p < 0.05, ##p < 0.01, ###p < 0.001 indicates significant change in

comparison with group I1.
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Figure 4 - Polarization micrograph of rat’s urine sample.

(A) Urine of control rats (group 1), devoid of any crystals. (B) Urine of urolithiatic rats (group I1) showing CaOx crystals. (C) Urine of coconut water treated rats

showing reduced crystals deposition. Original magnifications of 100x.

increased antioxidant enzymes SOD and CAT acti-
vity and their expression at mRNA level in kidney
tissues (Figures 1, 2a, 2b, 3a and 3b). The increase
in SOD activity as observed in our experimenta-
tion could be an adaptive response of this enzyme
to increased production of superoxide ions follo-
wing activation of NAD(P)H oxidase via cytokine
TGF-b1 (transforming growth factor b1) induction
(28). The increase in SOD activity will further lead
to high production of hydrogen peroxide (H202).
Catalase is responsible for the decomposition of
hydrogen peroxide, therefore after ethylene glycol

exposure an increase in catalase activity was also
observed. The rebalancing of elevated antioxidant
enzyme’s activity and their expression by coco-
nut water post treatment further substantiated the
protective nature of coconut water against free ra-
dical induced oxidative stress. Furthermore, ethy-
lene glycol administration increased the level of
serum creatinine and urea (Table-2) indicating re-
nal dysfunction due to urolithiatic condition. Here
again rebalancing of serum urea further unveils
the potential effect of coconut water on maintai-
ning renal functioning.

114



IBJU | PROPHYLACTIC EFFECT OF COCONUT WATER ON ETHYLENE GLYCOL INDUCED NEPHROCALCINOSIS

Figure 5 - Representative microscopic examination under light microscope of renal tissue.

(A) Renal tissue of control (group1) rats showing no sign of crystallization. (B) Renal tissue of urolithiatic rats (group 2) showing Crystals deposition mainly
located in renal tubules (200x). (C) Renal tissue of group 3 treated rats showing no crystal formation.
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In the present study, administration of co-
conut water reduced the number of crystals in the
urine as compared to urolithiatic rats (Figure-4c).
Our findings are consistent with the studies by Itoh
et al. (29) who showed that green tea reduces CaOx
crystal deposits in the kidneys of rats made hype-
roxaluric by the administration of ethylene glycol.

The present histopathological studies sho-
wed EG induced crystal deposition in the renal cells
(Figure-5b) and most of crystal deposition took
place in the renal tubules, which corroborates the
results of other studies reporting that crystals depo-
sition mainly occur in tubules (30). Administration
of coconut water to urolithiatic animals prevented
supersaturation of calcium oxalate and thus decre-
ased their deposition in renal tubules (Figure-5c).

We are aware of some limitations of the
study such as absence of liquid ingestion control
by the animals, yet the study does suggest bene-
ficial effect of coconut water in nephrocalcinosis.

CONCLUSIONS

In conclusion, coconut water has potential
to inhibit the genes of oxidative stress to push the
activity of these enzymes towards normal. The re-
balancing of elevated antioxidant enzyme gene
expression by coconut water treatment, reduced
mineral deposits in kidney tissue further substan-
tiated the prophylactic nature of coconut water in
nephrolithiasis.
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ABSTRACT

Purpose: To evaluate the efficacy of standard and biofeedback bladder control training
(BCT) on the resolution of dysfunctional elimination syndrome (primary outcome), and
on the reduction of urinary tract infections (UTI) and the use of medications such as anti-
bacterial prophylaxis and/or anticholinergic/alpha-blockers (secondary outcome) in girls
older than aged least 5 years.

Materials and Methods: 72 girls, median age of 8 years (interquartile range, IQR 7-10)
were subjected to standard BCT (cognitive, behavioural and constipation treatment) and
12 one-hour sessions of animated biofeedback using interactive computer games within
8 weeks. Fifty patients were reevaluated after median 11 (IQR, 6-17) months. Effective-
ness of BCT was determined by reduction of dysfunctional voiding score (DVS), daytime
urinary incontinence (DUI), constipation, UTI, nocturnal enuresis (NE), post void residual
(PVR), and improvements in bladder capacity and uroflow/EMG patterns.

Results: BCT resulted in significant normalization of DUI, NE, constipation, bladder ca-
pacity, uroflow/EMG, while decrease of PVR didn’t reach statistical significance. In addi-
tion, the incidence of UTI, antibacterial prophylaxis and medical urotherapy significantly
decreased. There were no significant differences in DVS, DUI, NE, bladder capacity and
voiding pattern at the end of the BCT and at the time of reevaluation. The success on
BCT was supported by parenteral perception of the treatment response in 63.9% and full
response in additional 15.3% of the patients.

Conclusion: Combination of standard and biofeedback BCT improved dysfunctional eli-
mination syndrome and decreased UTI with discontinuation of antibacterial prophylaxis
and/or anticholinergic/alpha-blockers in the majority of the patients. Better training re-
sults are expected in patients with higher bladder wall thickness as well as in those with
vesicoureteral reflux, while presence of nocturnal enuresis may be a negative predictor
of the training effect.
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Lower urinary tract dysfunction (LUTD) in-
cludes a wide spectrum of voiding dysfunction in
the absence of neurological, structural, or medical
causes (1). LUTD is an important problem in chil-
dhood due to its relatively high prevalence (2-4) and

the fact that it may cause upper urinary tract dete-
rioration with renal scarring (5).

LUTD is commonly associated with consti-
pation, urinary tract infections (UTI) and vesicou-
reteral reflux (VUR) (1). The pathophysiology of
combined bladder and bowel dysfunction known
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as dysfunctional elimination syndrome (DES) has
been extensively studied, but still remains unex-
plained (6). It is certain that anatomically close
relationship of bladder, urethra and rectum and
pelvic floor muscles, as well as similar inervation
(S2-S4) of urethral and anal sphincters are predis-
posing factors for lower urinary tract and bowel
dysfunctions to occur simultaneously. It has been
suggested and already accepted that bladder ins-
tability and bowel dysfunction may lead to over-
-training of pelvic floor, resulting in a high tone of
pelvic floor muscles, which can cause functional
outlet obstruction (7). If left untreated, dysfunctio-
nal elimination of urine and faeces maintains, and
even aggravates bladder and bowel dysfunction,
leading to further incontinence, urinary tract in-
fections (UTI) and upper urinary tracts deteriora-
tion (8). McKenna et al. suggested that pathophy-
siology of pelvic floor dysfunction might be related
to a phenomenon known as “neuroplasticity”. They
proposed that long-term pelvic floor hyperactivi-
ty results in neural remodeling, causing end or-
gan histological changes, and resulting in clinical
symptoms (9). Therefore, it is very important to re-
cognize and treat DES as early as possible.

Advances in the understanding of the pa-
thophysiological process of DES have resulted in
biofeedback therapy and pelvic floor muscle re-
training (PFMR) to become the first line therapy
after failure of simple conservative measures (10).
Biofeedback is a technique by which information
about a normally unconscious physiological pro-
cess is presented to a patient as a visual, auditory
or tactile signal (11,12). Recently, animated elec-
tromyography (EMG)-based biofeedback using
interactive computer games has become the pre-
ferred biofeedback method in children to obtain
PEMR, strengthen/coordinate detrusor function,
teach the guarding reflex and retrain central ner-
vous system (10,13,14).

Since the year 2000, children with LUTD
have been treated in our clinic with bladder con-
trol training (BCT). At first, behavioural modifi-
cation and pharmacological therapy have been
used, but later on uroflow biofeedback has been
performed. Animated EMG-based biofeedback
using interactive computer games was introduced
in 2008. The primary outcome of this study was to

evaluate the efficacy of a combination of standard
and computer game assisted PFMR on achieving
resolution of DES (LUTD and constipation), while
the secondary outcome was to asses the effect of
the BCT on the reduction of UTI and medications
such as prophylaxis and anti-cholinergic/alpha-
-blockers in girls older than 5 years.

MATERIALS AND METHODS

All girls with LUTD and/or reccurent UTI
treated by biofeedback with interactive compu-
ter games between 2008 and 2010 were recruited
to participate in the study. The screening consisted
of history, clinical, neurological and psychological
examination, uroflow study and ultrasonography
of the urinary tract. A voiding cysto-urethrogra-
phy (VCUG) and dimercaptosuccinic acid (Tc-99m
DMSA) scan were optional in patients with recurrent
UTL At the presentation, 64 patients were taking
drugs such as prophylaxis, and/or anticholinergic/
alpha-blockers during at least the last 3 months.

Patients with neurological abnormali-
ties and/or complex urinary tract abnormalities,
as well as those younger than 5 years or unable
to cooperate fully, were excluded from the stu-
dy. DES was graded using dysfunctional voiding
score (DVS, 0 = normal), as reported by Kramer
et al. (15). In addition, daytime urinary inconti-
nence (DUI) was evaluated as recommended by
Mulders et al. (16). Functional constipation was
defined according to ROME-III diagnostic crite-
ria (17). Urinary flow shape and pelvic EMG were
analysed. Bell-shaped urinary flow curves wi-
thout increased EMG activity during voiding were
considered normal.

Post-void residual volume (PVR, mL) was
assessed by ultrasound following uroflowmetry. It
was considered abnormal if it was greater than
10 mL, unrelated to age, sex or bladder capaci-
ty (18). Bladder wall thickness was measured by
ultrasound in mid-transverse plane of the voided
bladder at three points: anterolaterally, laterally
and posterolaterally when the bladder was nearly
empty (< 10% of prevoid volume). The mean of
three measurements was used for further analysis.
Estimated bladder capacity (EBC) was calculated
using the following formula: 30 x age (years)+30
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(19). After the age of 12 years, EBC of 390 mL
was considered normal. The EBC was compared to
the maximum voided volume plus the PVR. Va-
lues below 65% or greater than 150% of EBC were
considered pathological.

BCT included intensive inpatient 5-days
course followed by outpatient clinic protocol du-
ring 7 weeks. During intensive course the patients
underwent: a) an education about urinary tract
physiology and dysfunction, b) a psychologist
consultation, ¢) behavioural training, d) physio-
therapy, and e) daily one-hour biofedback ses-
sions which combined uroflow-biofeedback and
animated EMG-based biofeedback (UrostymTM
Behavioral Therapy System, Laborie Medical Te-
chnologies) during five consecutive days.

Education of patients was done with pa-
tience using understandable words and drawin-
gs. Behavioural training consisted of completing
a frequency-volume voiding and drinking charts,
instruction on proper toilet posture and constipa-
tion treatment (high-fiber diet and/or laxative).
Aim of behavioural training was to learn to cor-
rect maladaptive drinking, voiding and bowel ha-
bits. In patients with recurrent UTI, prophylactic
antibiotics were given as indicated.

After intensive course, patients continued
with pelvic floor exercises of 15 min. three times
a week and outpatient clinical protocol consisting
of one 60 min. biofedback session per week during
7 weeks. Voiding and drinking charts, as well as
uroflow/EMG curves were reviewed at each visit.

The study was approved by the Ethics
Committee of University Children’s Hospital. Writ-
ten informed consent from parents and written as-
sent from children were obtained.

Treatment outcome

Effectiveness of biofeedback treatment
was determined by improvement reduction in the
three DES as primary outcomes (expressed by nor-
malization of DVS, DUI, NE, PVR, uroflow/ EMG
curves, and constipation) and the secondary ou-
tcome (reduction of UTI, antibacterial prophylaxis
and/or anticholinergic/alpha-blockers). For prima-
ry outcome there were four measurement points:
the first was baseline, the second was at the end of
intensive course, the third measurement point was

at the end of the training course, and the fourth
one was at the end of follow-up. For secondary
outcome there were two measurements points: the
first was baseline and the second was at the end of
follow-up. Both primary and secondary measure-
ments outcomes were expressed by the increasing
percentage of the total patients who normalized
elimination habits, and/or were free of UTI and
medications. In addition, for primary measure-
ment outcome, the sum of values of the scoring
systems that graded severity and numbers of DES
(DVS and DUI) accidents per week at baseline were
compared with those at other three measurements
points. The cure were categorized on a scale of 0
to 100%, with 0-48% indicating non response, 50-
99% response and 100% full response. The same
categorization was used for the parenteral percep-
tion of the BCT success. Intend to treat analysis
was used in success rate analysis of primary and
secondary outcomes for all phases of treatment.

Statistical analysis

Descriptive and analytical statistics were
done by SPSS 19.0 software. Data are expressed
as median (interquartile range) unless otherwise
stated. To compare groups at different time points
paired sample t test was used for parametric and
Wilcoxon test for non-parametric data. Multiple
regression analysis with backward selection was
performed to identify independent variables of
DVS cure rates. A value of p < 0.05 was considered
statistically significant.

RESULTS

Seventy-two girls, median age of 8 years
(IQR 7-10) with median DVS of 4 (IQR, 2-6) and me-
dian DUI of 2 (IQR, 0-6) were included in the study.
Their characteristics are presented on Table-1. All
patients had normal glomerular filtration rate, but
arterial hypertension was found in 5.5%. Renal ul-
trasound showed normal finding in 65.3% of the
patients. The most common renal ultrasound ab-
normality was pyelic dilatation which was found in
26.4% of the total number of patients. Dimercapto-
succinic acid (DMSA) scan was done in 51 patient
demonstrating renal scarring in 72.5%, while ve-
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Table 1 - Characteristics of 72 patients at the entry to the study.

Variables % of the total
number

Age in years, M (IQR) = 8 (7-10)

Normal estimated glomerular filtration rate 100
Arterial hypertension 55
Renal ultrasound abnormalities 34.7
Increased bladder wall thickness 45.8
Renal scarring 1 725
Vesicoureteral refluxtt 28.6
Recurrent urinary tract infections 97.1
Antibacterial prophylaxis 88.9
Anticholinergic and/or alpha blocker 50.8
Abnormality of bladder capacity

Decreased 20.3
Increased 174
Increased post voiding residual 64.1
Non- bell shaped flow pattern 65.7
Tower 1.4
Plato 29
Staccato 5.7
Intermittent 45.7
Increased pelvic EMG activity during voiding 52.2

M = Median; IQR = Interquartile range; + = Tc99m DMSA was
done in 51 patients; 1 = Voiding ureterocystography was done
in 42 patients.

sicoureteral reflux (VUR) was discovered in 28.6%
of 42 patients. Majority of the patients had history
of recurrent UTI (97.1%), increased post-void resi-
dual volume (PVR, 64.1%), abnormal voiding cur-
ve (VC, 65.7%) and increased pelvic EMG activity

during voiding (52.2%). Half of the patients had
constipation. DUI was reported in 43.7% patients,
nocturnal enuresis (NE) in 30.0%, while combined
DUI and NE was found in 19% of the patients.
Third of the patients (30.5%) had a combination of
DUI, UTI, and constipation.

Of 72 patients 71 (98.6%) were compliant
with 5 weeks of BCT, 67 (93%) patients finished 6
weeks, while 55 (76.4%) and 29 (40.3%) patients
completed 7 and 8 weeks of BCT, respectively (Fi-
gure-1). Long duration of treatment was an im-
portant cause of low compliance. Patients stopped
treatment due to family issues (38.9%), improve-
ment of LUTD (8.3%), UTI (4.2%), or some other di-
sease (8.4%), while remaining 29 patients (40.3%)
completed the treatment. Overall, BCT resulted in
significant normalization of DVS, DUI, NE, consti-
pation, bladder capacity, voiding curve and EMG
during voiding, while decrease of PVR didn’t rea-
ch statistical significance (Table-2). Fifty patients
were reevaluated after median 11 (IQR, 6-17) mon-
ths. During that period the number of patients
who had UTI, as well as those with antibacterial
prophylaxis and medical urotherapy, significantly
decreased compared to the period before BCT (Fi-
gure-2). There were no significant differences be-
tween DVS, DUI, NE, bladder capacity and voiding
pattern at the end of the BC and those at the time
of reevaluation (Figure-3). Using the ICCS defini-
tions of the treatment outcome, more than half of
the patients showed full response in DVS and DUI
(Table-2). The success on BCT was supported by
parenteral perception of the treatment response
in 79.2% (response in 63.9% and full response in
additional 15.3%) of the patients (Table-2).

Multiple regression analysis with ba-
ckward variable selection (R? 0.557%, p < 0.005)
demonstrated (Table-3) that improvement of DVS
at the end of the training was inversely dependent
on NE (B = -5.137; p < 0.001) and directly depen-
dent on age (B = 2.045; p < 0.05), bladder wall
thickness (B = 3.623; p < 0.005) and finding of
VUR on VUCG (B = 3.944; p < 001).

DISCUSSION

Epidemiological studies reported LUTD
symptoms in 21.8% school-age children (3). Mo-
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Figure 1 - Flow chart describing the progress of the patients through the trial.

Enrollement (A) A Assed for eligibility

E Excluded patients (n=25);

Male gender;

With neurological abnormalities;

With complex urinary tract
abnormalities;

Younger than 5 years;

Unable to cooperate fully.

Entry of the study
Baseline (A)
n=72
. 5 days inpatient treatment
Intensive course (B) v pn -7

|

Outpatient clinical protocol

| |
.,

Em_i ‘?f the 1 weeks | 2 weeks 3 weeks 4 weeks 6 5 weeks | 6 weeks 87
training (C) weeks
Follow-up Reevaluation

median 11

(1QR, 6-17) months n=50

End of the follow-up

Table 2 - Bladder control training response rate according to dysfunctional voiding score (DVS), daytime urinary incontinence
score (DUI), and parents’ impression.

Result DVS (%) DUI (%)? Parents’ impression (%)?
B C D B C D D

Full response 42.9 56.9 64.3 52.5 67.5 81.0 19

Response 18.3 27.7 16.1 22.5 17.5 8.1 79.3

No response 38.8 15.4 19.6 25.0 15.0 10.8 1.7

DVS = Dysfunctional voiding score; DUI = Daytime urinary incontinence score; ' Analysis involved 39 patients with daytime urinary
incontinence; 2 14 parents didn’t give response; B = intensive course; C = at the end of training; D = end of the follow-up.
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Figure 2 - Primary outcome.

100,00%
90,00%
80,00% |
g 1000% —— Normal DVS
& 60,00% —=— DUI negative
g 50,00% | —+— NE negative
£ y = C negative
S 40.00% | —— Normal VC
; 30,00% ~+~ Normal EMG
~= Normal PVR
20,00%
10,00% |
0,00%

Legends: A, baseline; B, after intensive course; C, at the end of the training, D, at the end of follow-up; DVS, disfunctional voiding score; DUI, daytime
urinary incontinence; NE, nocturnal enuresis; C, constipation; VC, voiding curve; EMG, electromiography; PVR, postvoid residual

DVS DUl NE C VC EMG PVR
p p p p p p p
Avs.B 0.000 0.000 0.014 0.002 ns ns ns
Avs.C 0.000 0.000 0.008 0.000 0.004 0.016 ns
Avs.D 0.000 0.000 0.001 0.000 ns 0.008 ns
Cvs.D ns ns ns ns ns ns ns

Figure 3 - Secondary outcome.

100,00% -
90,00% .
80,00%
70,00% o
60,00%
50,00%
40,00% ® Baseline
30,00% -
20,00% - At the end of follow-up
10,00% - -
0,00% | T———— .—
Without UTI Without Without
prophylaxis antiholinergic
and/or alpha
blockers

UTI = Urinary tract infections; *** = p = 0.000
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Table 3 - Multiple linear regression analysis for dysfunctional voiding score (DVS) determinants with backward selection.

Best model parameters B P
Age 0.246 <0.05
DUI -0.220 0.081
NE -0.629 <0.001
Constipation -0.186 0.14
Bladder thickness 0.461 <0.005
VUR 0.516 <0.001

Model 1: Independent DVS predictors: age, urinary tract infections (UTI), daytime urinary incontinence (DUI), nocturnal enuresis (NE),
NE+DUI, constipation, renal ultrasound, bladder thickness, renal scarring, vesicoureteral reflux (VUR), uroflow, pelvic muscle elec-
tromyography (EMG), postvoid residual (PVR), bladder capacity (adj. R2 = 0.394, p < 0.05));

Model 2: Excluded bladder capacity from M1 (adj. R? = 0.419, p< 0.01);

Model 3: Excluded renal ultrasound from M2 (adj. R? = 0.441, p < 0.01);

Model 4: Excluded renal scarring from M3 (adj. R? = 0.460, p < 0.005);

Model 5: Excluded EMG from M4 (adj. R? = 0.477, p < 0.005);
Model 6: Excluded NE+DUI from M5 (adj. R? = 0.491, p < 0.005);
Model 7: Excluded Uroflow from M6 (adj. R? = 0.504, p < 0.001);
Model 8: Excluded PVR from M7 (adj. R? = 0.505, p<0.001);

Model 9 - The best model: Excluded UTI from M8 (adj. R? = 0.508, p < 0.001); B = standardized beta coefficient of multiple correlation.

reover, up to 40% of the patients seen in a pedia-
tric urology clinic have symptoms of LUTD (4).
Seventy-five percent of such children are evalu-
ated between 3 and 10 years of age, and about
20% is between 11 and 17 years of age (20). Girls
are predominant compared to boys (3). There can
be a profound impact of LUTD on the quality of
life of the patients and their families (21).

The mainstay of treatment for LUTD in
children lies in BCT which may be the only thera-
py needed in the majority of patients. The combi-
nation of standard BCT with biofeedback therapy
significantly improves results (21).

We evaluated the success of a combina-
tion of standard and biofeedback BCT in 72 girls
(age 5-16 years) with various dysfunctional eli-
mination syndrome and/or recurrent UTI. Ove-
rall, compliance with BCT was quite satisfactory
during 6 weeks of training (93 - 98.6%), but later
on it decreased to 76.4% at 7 weeks and 40.3%
at 8 weeks of BCT. A decreasing compliance was

mainly caused by non-medical issues. Conside-
ring that long duration of treatment, it was an
important cause of low compliance, we realized
that duration of treatment should be shorter. The-
refore, our current protocol involves one week of
intensive training followed by outpatient clinic
training during 4 weeks instead of 7.

The efficiency of BCT was estimated from
decrease in percentage of patients with dysfunc-
tional elimination syndrome, and from increase
of those who normalized lower urinary tract and/
or bowel function. In addition, grading of res-
ponse to BCT was done for DVS, DUI, and PVR.
The evaluation was performed in 50 patients at
the end of training after median 11 months. In
general, the results at the end of the training and
at reevaluation were similar. Overall, the patients
were found to benefit with BCT. When evaluating
a percentage of affected patients a significant de-
crease of DUI (from 43.7% to 9.2 %, p = 0.000),
nocturnal enuresis (30% to 13.4%, p = 0.001)
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and constipation (from 45.7 to 10.6%, p = 0.000)
was observed. Also, the treatment response rates
were high for bladder capacity and uroflow/EMG
pattern, while the results for PVR were was less
satisfactory. Furthermore, BCT resulted in decre-
ased number of the patients with UTI (97.1% to
22.6%, p = 0.000) as well as those treated with
antibacterial prophylaxis (88.9% to 11.9%, p =
0.000) and/or medical urotherapy (50.8% to
5.1%, p = 0.000). In addition, parents graded BCT
success as response and full response in 79.2% of
the cases. According to parent’s impression, only
1.4% of the patients had no improvement.

Other authors also showed the beneficial
effect of BCT on LUTD and related complications
(22-25). However, because of a lack of standar-
dization concerning diagnoses, treatment moda-
lities, intervention program as well as evaluation
of outcomes, it is difficult to compare results of
various studies (26,27). A scoring system grading
the severity of dysfunctional elimination syndro-
me could improve evaluation methods and ena-
ble comparisons among studies. Muddlers et al.
presented the first study in which severity and
number of daytime wetting accidents per week
was used to define the results of BCT (16). This
scoring system took into account that change to
a lower grade of daytime urinary incontinence
indicated improvement. We used the same sco-
ring system for quantitative assessment of DVS
and DUI. At the end of the training course more
than half of our patients (56.9%) with DUI sho-
wed full response is better than the results of Mu-
ddlers et al. who reported full response in 42% of
the patients. Furthermore, we found no response
in 15.0% while Muddlers et al. found no response
in 22% of the patients (16). The training progra-
ms were similar in both studies but Muddlers et
al. did not use animated biofeedback. Therefo-
re, better outcome in our study may be due to
introducing animated biofeedback in addition to
uroflow/EMG biofeedback.

Nocturnal enuresis was a negative predic-
tor for the DVS improvement, while age, bladder
wall thickness and finding of VUR were positive
predictors. The positive influence of age on trai-
ning response may reflect natural maturation of
the regulation of bladder function.

CONCLUSIONS

Treatment of girls with a combination of
behavioral and biofeedback was associated with
improved urinary incontinence, and decreased
frequency of constipation and UTL It enabled im-
provement of bladder capacity and uroflow/EMG
pattern, while decreasing of PVR was achieved
only in a one-third of patients. Bladder control
training seems to be an important tool in reducing
prevalence of UTI in girls with lower urinary tract
dysfunction. Better training results are expected
in patients with higher bladder wall thickness as
well as in those with vesicoureteral reflux, while
presence of nocturnal enuresis is a negative pre-
dictor of the training effect.

ABBREVIATIONS

BCT: Bladder control training

DES: Dysfunctional elimination syndrome
DVS: Dysfunctional voiding score
DUI: Daytime urinary incontinence
EBC: Estimated bladder capacity
LUTD: Lower urinary tract dysfunction
NE: Nocturnal enuresis

PFMR: Pelvic floor muscle retraining
PVR: Post-void residual

UTI: Urinary tract infections

VUR: Vesicoureteral reflux
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EDITORIAL COMMENT

This is an interesting study that adds valua-
ble information to the literature regarding the results
of biofeedback plus standard urotherapy for chil-
dren with lower urinary tract dysfunction (LUTD).
The authors dealt with a group that is difficult to
treat, since about 75% of the patients had renal
scars and 97% had recurrent UTI. However I would
like to discuss some issues presented in this paper.
The authors make the same mistake that is found in
most studies published on this subject. They do not
separate the outcome of patients with isolated ove-
ractive bladder, those with overactive bladder plus
dysfunctional voiding (a worse off group) and those
with isolated dysfunctional voiding. These 3 groups
behave differently and should be considered diffe-
rent groups to better interpret the results. LUTD can
be classified with non-invasive methods, such as a
voiding diary, uroflowmetry and the measurement
of postvoid residual urine. Urodynamic study is not
usually necessary.

I would like to keep addressing the termino-
logy issue. The authors use the term dysfunctional
elimination syndrome (DES) as synonym of LUTD.
Only half of the patients with LUTD had constipa-
tion. Then, DES was present in only 50% of the ca-
ses. According to the ICCS (1), DES is an imprecise
and unspecific term and we should report the data
from patients with OAB and dysfunctional voiding
with and without constipation, separately.
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The ideal protocol for biofeedback thera-
py is unknown. The authors, like many others, use
an intensive inpatient 5-days course. The study’s
data suggests that this intensive treatment might
increase the post-treatment dropout rate. In our
experience, biofeedback therapy can be as suc-
cessful when performed in an outpatient clinic, in
a weekly forty minute session (2). However, these
two methods should be compared in a randomi-
zed clinical trial.

Some notable issues: Biofeedback, on
principle, should be indicated for children with
dysfunctional voiding. Since 34% of patients had
a normal uroflow curve and 48% had no EMG ac-
tivity, [ infer that the authors treated patients with
isolated overactive bladder, which can be better
managed by electrical stimulation or anticholi-
nergics. Some patients used anticholinergics and
alpha-blockers during the biofeedback treatment.
This confuse the results since some patients may
have improved symptoms due to the mediaction.

[ agree that interactive games help the
treatment success, although the data presented
does not show this. Kaye and Palmer performed
a controlled study with 120 children with dys-
functional voiding. Sixty underwent biofeedback
with animation and 60 underwent biofeedback
without animation. They demonstrated that the
outcome was the same but the number of sessions
was lower in the group who underwent biofeed-
back with animation.
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from the Standardisation Committee of the International
Children’s Continence Society. J Urol. 2006; 176: 314-24.

Dr. Ubirajara Barroso Jr.
Universidade Federal da Bahia, UFBA
R. Augusto Viana, 1 - Canela
Salvador, BA, 40110-060, Brazil
Telephone: + 55 71 3283-7129
E-mail: ubarroso@uol.com.br

127



ORIGINAL ARTICLE

Vol. 39 (1): 128-136, January - February, 2013
doi: 10.1590/51677-5538.1BJU.2013.01.16

2D map of proteins from human renal stone matrix
and evaluation of their effect on oxalate induced renal

tubular epithelial cell injury

K.P. Aggarwal, S. Tandon, S.K. Singh, C. Tandon

Department of Biotechnology and Bioinformatics, Jaypee University of Information Technology (KPA, CT,
ST), Waknaghat, Solan, HP and Department of Urology, Post Graduate Institute of Medical Education &

Research (PGIMER) (SKS), Chandigarh-160012 India

ABSTRACT

Purpose: Proteins constitute a major portion of the organic matrix of human calcium
oxalate (CaOx) renal stones and the matrix is considered to be important in stone for-
mation and growth. The present study evaluates the effect of these proteins on oxalate
injured renal epithelial cells accompanied by a 2D map of these proteins.

Materials and Methods: Proteins were isolated from the matrix of kidney stones contai-
ning CaOx as the major constituent using EGTA as a demineralizing agent. The effect
of more than 3kDa proteins from matrix of human renal (calcium oxalate) CaOx stones
was investigated on oxalate induced cell injury of MDCK renal tubular epithelial cells. A
2D map of >3kDa proteins was also generated followed by protein identification using
MALDI-TOF MS.

Results: The >3kDa proteins enhanced the injury caused by oxalate on MDCK cells. Also,
the 2D map of proteins having MW more than 3kDa suggested the abundance of proteins
in the matrix of renal stone.

Conclusion: Studies indicate that the mixture of >3kDa proteins in the matrix of human
renal stones acts as promoter of calcium oxalate crystal nucleation and growth as it aug-
ments the renal epithelial cell injury induced by oxalate. The effect of promoters masks
the inhibitors in the protein mixture thereby leading to enhanced renal cell injury. 2D
map throws light on the nature of proteins present in the kidney stones.
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INTRODUCTION

With its multifactor aetiology and high
rate of recurrences, urinary tract stone disease
provides a medical challenge. Depending on the
socio-economic conditions and subsequent chan-
ges in the dietary habits, the overall probability of
stone formers differs in various parts of the world:
1-5% Asia, 5-9% Europe, 13-15% USA and 20%
Saudi Arabia (1). Calcium containing stones are

the most common, consisting of about 75% of all
urinary calculi, which may be in the form of pure
calcium oxalate (50%) or calcium phosphate (5%)
and a mixture of both (45%). The controlling in-
fluence of macromolecules in the construction of
healthy biomineralised tissues is undisputed (2-4).
It is now well recognised that the organic com-
ponent of such tissues, which in animals include
bone, shell, dentin and enamel, is crucial to the
biomineralization process. Some macromolecules
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in these systems are responsible for initiating mi-
neralisation, defining its physical limits and dicta-
ting its cessation, but others provide an architec-
tural framework upon which the inorganic salts
are laid down. Less clearly defined, however, are
the roles played by macromolecules in the forma-
tion of human uroliths, a process possessing all
the hallmarks of uncontrolled mineralisation (5,6).

Many proteins occur in stone, but their
role in urolithiasis remains unknown. Calculi con-
tains some proteins normally present in urine, in
addition to others arising from injury inflicted by
the stones themselves, making it impossible to
discriminate between those that bind to the sto-
ne as it grows, but play no role in its develop-
ment (7); the inhibition is generally understood
to arise mainly from the non-dialyzable molecu-
les of urine, particularly acid glycoproteins, and
acidic glycoproteins and glycosaminoglycans
(8,9). Some inhibitor molecules have been iden-
tified, including Tamm-Horsefall Protein, uro-
pontin (10,11), calgranulin (12), bikunin (13), and
prothrombin F1 fragment (14). Thus, in order to
understand the mechanism of stone genesis, it is
essential to determine the characteristics of mo-
lecules constituting the urinary stone matrix. In
the present study, we analysed a 2D map (2- di-
mensional polyacrylamide gel electrophoresis) of
human renal stone matrix proteins by MALDI-TOF
(Matrix-assisted laser desorption/ionization-Time
of Flight) to throw light on the matrix proteins
and also study their effect on oxalate injured renal
epithelial cells.

MATERIALS AND METHODS

Human Renal stones collection

Stones surgically removed by Percuta-
neous nephrolithotomy (PNL) from the kidney
stone patients were obtained from the Department
of Urology, Postgraduate Institute of Medical Edu-
cation and Research (PGIMER), Chandigarh, India.
Stones were preserved at 4° C before study. Stones
were of non-infectious nature and were collected
from those patients who were more than 25 ye-
ars of age and were suffering from no other ab-
normality. After FTIR (Fourier transform infrared
spectroscopy) analysis, the stones with calcium

and oxalate as their major components were se-
lected for present study. Thirty stones with cal-
cium and oxalate, as the major components were
used for further studies. Thirty stone samples were
randomly pooled into 5 groups, each group con-
taining 6 stone samples.

Protein extraction from Human Renal stones

Proteins were isolated from the matrix of
kidney stones containing calcium oxalate (CaOx)
as the major constituent using EGTA as a demine-
ralising agent. Stones were washed in 0.15 M so-
dium chloride (NaCl) and were then dried and pul-
verized with a mortar and pestle. For extraction of
the organic matrix of powdered stone, each gram
of stone was suspended in 10 mL of 0.05 M EGTA
(ethylene glycol tetraacetic acid), 1 mM PMSF
(phenylmethanesulfonylfluoride or phenylmethyl-
sulfonyl fluoride) and 1% B-mercaptoethanol. The
extraction was carried out for 4 days at 4° C with
constant stirring. The suspension was centrifuged
for 30 minutes at 10,000 g and at 4° C. The super-
natant of EGTA extract was filtered through Ami-
con ultra centrifugal filter device (Catalog UFC
800324) with a molecular weight cut off 3kDa at
4o C and concentrated to a known volume. The
excess of the 3kDa fractions were stored at -20° C
for further studies (15).

Protein determination
Total protein concentration was determined
by Lowry’s method using BSA as a standard (16).

Assay to measure inhibitory activity of protein
w.r.t Calcium Oxalate (CaOx) crystal nucleation
The method used was similar to that des-
cribed by Hennequin et al. with some minor mo-
difications (17). Solutions of calcium chloride
(CaCl,) and sodium oxalate (NaZCZO ,) were prepa-
red at the final concentration of 3 mmoL/L and 0.5
mmoL/L, respectively, in a buffer containing Tris
0.05 moL/L and NaCl 0.15 moL/L at pH 6.5. Both
solutions were filtered through a 0.22 pum filter;
1.5 mL of CaCl, solution was mixed with different
concentrations of extracted proteins. Crystalli-
zation was started by adding 1.5 mL of Na,C 0O,
solution. The final solution was stirred at 37° C re-
peatedly after an interval of 60 sec for 8 min. The
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absorbance of the solution was monitored at 620
nm after every 60 sec. The percentage inhibition
produced by the protein extract was calculated as
[1-(Tsi/Tsc)] X 100, where Tsc was the turbidity
slope of the control and Tsi the turbidity slope in
the presence of the inhibitor.

Assay to measure activity of protein w.r.t. CaOx
crystal growth

Activity against CaOx crystal growth was
measured using the seeded, solution-depletion as-
say, according to the method described by Naka-
gawa et al. (18).

Cell Culture

Madin-Darby Canine kidney (MDCK) cells
were obtained from National Centre of Cell Scien-
ces (NCCS, Pune). The cells were maintained as
monolayers in Dulbecco’s Modified Eagle’s Me-
dium (DMEM) with 2.0 mM L-glutamine adjusted
to contain 3.7 g/L sodium bicarbonate, 4.5 g/L
glucose. Media was supplemented with 1% Peni-
cillin (100 units/mL)-Streptomycin (10,000 pg/mL)
and 109% fetal bovine serum. Cells were cultured
in 25 cm? tissue-culture treated flasks at 37° C and
5% CO, in humidified chambers (19).

Oxalate-induced Cell Injury

MDCK cells were incubated in DMEM con-
taining 1 mM sodium oxalate in the presence of
different concentrations of protein samples for 48
hours (20). Cell injury was assessed by measuring
the cell viability through MTT and LDH (Lactate
dehydrogenase) Assay.

Preparation of the protein samples

For cell culture studies, the proteins was
dialysed through Millipore Amicon Ultra Centri-
fugal Filters, 3kDa and desalted by ReadyPrep 2-D
Cleanup Kit (catalog 163-2130) and it was recons-
tituted in 0.22 pum filtered distilled water using
Millipore Millex GV Filter Unit 0.22 um (Catalog
SLGUO33RS).

MTT Assay

Cell viability studies via MTT test were
conducted by the method described by Fulya Ka-
ramustafa et al. with slight modifications (21).

MDCK cells were suspended in DMEM with serum
and plated into the microwells of 96-well tissue
culture plates. Plates were incubated for 24 h at
37° C in a humidified incubator containing 5%
CO,. Then the medium was removed from wells.
200 pL DMEM (without serum) containing diffe-
rent concentrations of proteins with and without
sodium oxalate were added into the wells. After 48
hours, the medium was removed. Each well was
treated with 100 pL medium and 13 pL MTT so-
lution, and incubated for a further 3 hours. Then,
plates were emptied and 100 pL isopropanol was
added to dissolve the formazan precipitate. The
developed colour was read at a wavelength of 570
nm with spectrophotometer.

LDH Leakage Assay

MDCK cells were suspended in DMEM with
serum and plated into the microwells of 96-well
tissue culture plates. Plates were incubated for 24
h at 37° C in a humidified incubator containing 5%
CO2. Then the medium was removed from wells.
200 pL DMEM (without serum) containing diffe-
rent concentrations of proteins with and without
sodium oxalate were added into the wells for 48
hours. LDH leakage assay was performed by the
LDH Cytotoxicity Assay Kit (Cayman 10008882)
according to the manufacturer’s instructions (22).

Statistical analysis

Data were expressed as mean values of
three independent experiments (each in triplica-
te) and analyzed by the analysis of variance (p <
0.05) to estimate the differences between values.

2-D Gel Electrophoresis

The samples were desalted using Ready-
Prep 2-D Cleanup Kit and dissolved in 125 pL of
sample rehydration buffer containing 8 M urea,
29% w/v CHAPS, 50 mM DTT, 0.2% w/v Am-
pholytes and 0.0002% bromophenol blue. IEF was
first carried out using Bio-Rad IPG strip (pH 3-9;
7 cm) in Bio-Rad protean IEF cell according to
manufacturer’s instructions, followed by equili-
bration for 15 minutes each in equilibration bu-
ffer I (6 M Urea, 2% SDS, 0.375 M Tris HCI (pH
8.8), 20% Glycerol, 130mM DTT) and equilibra-
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tion buffer II (6 M Urea, 2% SDS, 0.375 M Tris
HCl (pH 8.8), 20% Glycerol, 135mM Iodoaceta-
mide). Equilibrated IPG strips were loaded onto a
10% polyacrylamide gel sealed with overlay aga-
rose, and electrophoresed at a constant voltage
of 100 V. The gel was stained by silver staining
and analysed using Biorad PD Quest Advanced
2D Analysis Software. The spots of interest were
manually excised from the gel and were destai-
ned using destainer provided in the ProteoSilver™
Plus Silver Stain Kit (PROTSIL2, Sigma-Aldrich
Co.) followed by in-gel digestion using Trypsin
profile IGD kit (PP0O100, Sigma-Aldrich Co.). The
proteins were identified by matrix assisted laser
desorption/ionization-time of flight (MALDI-TOF)
MS followed by MASCOT database search.

Tryptic in-gel digestion of purified protein
Single band detected after molecular-sieve
chromatography was excised from the gel and was
destained with destainer provided in the Prote-
oSilver™ Plus Silver Stain Kit (PROTSIL2, Sigma-
-Aldrich Co.). Trypsin profile IGD kit (PPO100,
Sigma-Aldrich Co.) was used for in-gel digestion of
purified protein. Destained gel piece was dried for
approximately 15 to 30 min. Trypsin solubilised in
1 mmoL/L HCl and mixed with 40 mmoL/L ammo-
nium bicarbonate and 9% acetonitrile was added to
the destained gel piece. Gel piece was fully covered
by the addition of 40 mmoL/L ammonium bicarbo-
nate and 9% acetonitrile (pH 8.2) solution and was
incubated for 5 hours at 37° C. After the incubation,
liquid was removed from the gel piece and trans-
ferred to a new labeled Eppendorf tubes and was
preserved for mass spectroscopic analysis (23).

Peptide mass fingerprinting by MALDI-TOF-MS

Peptides were extracted into the extrac-
tion solution and dried by speedvac. Dried spots
samples were spotted onto the MALDI plate with
thorough mixing with matrix at 1:1 concentration
and analyzed by MALDI TOF/TOF ULTRALFLEX
III (Bruker Daltonics).

Mascot Protein Identification

The mass/charge spectra obtained were se-
arched in MASCOT search engine (http://www.ma-
trixscience.com) using all the 3 databases (MSDB,

SwissProt, NCBInr). For search, peptides were as-
sumed monoisotopic, oxidized at methionine re-
sidues and carbamidomethylated at cysteine resi-
dues. An Homo sapiens taxonomy restriction was
used, only one missed cleavage was allowed, and
peptide mass tolerance of 1.2 kDa was used for
peptide mass fingerprinting.

RESULTS

Activity study of proteins from human renal sto-
ne on CaOx assay system

Whole EGTA extract and >3kDa were as-
sayed to measure the activity against CaOx crystal
nucleation and growth. Different concentrations of
whole extract showed both promoter and inhibitory
activity against nucleation of CaOx crystal as well
as CaOx growth.

Bioactivity of >3kDa fraction on Oxalate Injured
MDCK cells

Activity of >3kDa fraction was analyzed to
measure the effect of these proteins on oxalate in-
jured MDCK cells. MTT (Figure-1) and LDH (Figu-
re-2) assays were used for analyzing the effect of
the proteins on oxalate injured MDCK renal epithe-
lial cells. The oxalate induced a significant injury to
the cells which could be ascertained by a decrease
in viability in MDCK cells. The protein extract alo-
ne (40 pg/mL) had no effect on the cell injury in
the absence of oxalate indicating that even at the
highest concentration of protein extract used the-
re was no cytotoxicity to the cells. >3kDa fraction
showed to both prevent and enhance the injury cau-
sed by oxalate on MDCK cells in a dose dependent
manner. Concentrations of 5 pg/mL, 10 pug/mL, 20
pg/mL and 40 pug/mL were used. Concentration of 5
ng/mL showed protective effect, thereby increasing
the cell viability to the oxalate injured cells. But as
the concentration increased from 5 pg/mL to 40 pg/
mL the cell viability decreased in a dose dependent
manner reflecting the enhanced injury caused by
the proteins present. The concentration dependent
percentage viability was observed in both the as-
says i.e. MTT and LDH. Both MTT and LDH assays
showed the same effects, thus confirming the acti-
vity of the proteins. A significant increase in LDH
release was seen when the cells were exposed to
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Figure 1 - Effect of >3kDa fraction on MTT assay. Data are mean = SEM of three independent observations.
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Figure 2 - Effect of >3kDa on the % LDH release. Data are mean = SEM of three independent observations.
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132



IBJU | EXPLORING THE MATRIX PROTEINS IN HUMAN RENAL STONE MATRIX

oxalate alone (from 100% of control to 179.92%
of oxalate injured).

MTT assay also reflected the same pattern.
% viability of cells decreased in cells from 100%
to 51.23% injured with oxalate. By these tests it
can be suggested that the proteins that lead to cell
injury by oxalate mask the activity of the proteins
that inhibit the same.

2D-PAGE

2D PAGE of >3kDa proteins revealed the
abundance of proteins in the matrix of human
CaOx containing kidney stones (Figure-3). A total
of 66 spots were detected using Biorad PD Quest
Advanced 2D Analysis Software. 2D-PAGE revealed
that the proteins present in the stone matrix were
of both high and low molecular weight. The pro-
teins were distributed throughtout the gel indicating
the presence of both cationic and anionic proteins.
Out of the 66 spots, 7 most prominent spots spread
across the isoelectric points (pI) were further analy-
sed using MALDI-TOF MS and MASCOT server. The
identified proteins are given in Table-1.

DISCUSSION

The role played by the proteins present in
the human CaOx renal stones in the course of crys-

tallization is yet not clear. Some of these proteins
promote crystal formation, growth, aggregation and
retention, while others inhibit these processes. Their
activity is often complex and depends on the urine
conditions prevailing at the time of crystallization
or retention. The same protein can both promote as
well as inhibit a process. Under normal conditions,
the crystals of calcium oxalate that form are small
and well protected from crystal growth and crystal
aggregation by a cover of inhibitory macromolecu-
les. If inhibitors of crystal formation were not able
to act and control their size, the final result will be
nephrolithiasis (24,25). Proteins which cover crystal
surface and may lead to inhibition of its growth or
ability to aggregate while the same proteins bound
to a surface may act to accumulate salt ions and for-
ms a template for the first nucleus. The latter will
play a role when stone formation involves processes
at cell surfaces and in the sub-epithelial space (26).
The purpose of the present study was to explore the
2D map of human renal stone matrix proteins by
MALDI-TOF-MS to throw light on the matrix pro-
teins and also to study their effect on oxalate injured
renal epithelial cells.

Proteins have a strong affinity for CaOx
crystals (27). The role of matrix compounds is diffe-
rent in the formation of the stone center and in the
subsequent build-up of the stone (28). The same pro-
tein which inhibits crystal formation might promote

Figure 3 - 2D page of >3kDa proteins from human renal CaOx stones.

=
=]
o e,
~ 97000
° ﬂo
L
@ o %0
L] . o o
= 45000
o
i o
- 31000
o
3 pl 10

116250

66200

21500

Irxrcomro=s

- IIo—-—m=

133



*10J9 POO|q ® Ul S99 P00|q 8y} a|Buelua JeY} S18q1) uabolqu) sy}
SOAJ0SSIP 1ey urewop dl3ewAzus jusiod e spjojun 3 ‘uiwe|d 03 paUBAUOD S| PUB PaAJRAIL
-0’ $8W 093¢ uabouiwseld uayp “weasls poojq syl ybnoayy Buienano punoy AjjewJlou
SI1| "ulwsed| asealo.d aulias ayI|-uisdAll 8y Jo 10Sindaid aAlloeUl U1 SI usboulwse|d

‘uisdAsjowAyo swAzua annsebip ayi Jo (uabowAz) 10singaid e si usbouisdAzowiyn

$103da981 []99 8y} pue ‘ZdA PUe pdA suisiosd pisded Jano ayl usamiaq
S108]U09 [RjUaNbas ajdiynw saAjoAul AlgeqoJd (199 1S0Y 8y} 0ul A1jud pue JusWIYIL}R
SNJIARI0Y "SJawl} 09z Se padnoub /4 10 sa1doa 08/ Surejuod Jake| Jajno ay] |19
150y 8y} 0Jul A13us snuIA BuImO||0) ‘vdA Yim Jayiabol ‘1so] Ajpuanbasans si i 1|89
[eljayuda 1soy ayy ojul Aijua A|qissod pue Juawydeie ul paAjoAul uiglold pisded Jsing

%S

%bl

%€

€L8

eS8

89'Y

¢8.S1

0€¢9¢

[ XAVAY

uaboulwse|d

v uabouisdAijowAyn

10s4n2a4d u18104dooA|6 JdA

"ouiz ewse|d ||e J0 %08 IN0qe spuiq AjjeaidAy
‘ewse|d ui Japodsuely ouiz Jofeyy “poojq Jo ainssald 2130WSO [BPI0|j09 ay} Jo uoie|nbal
3y} SI uonouny urew sy sbnJp pue uigniiig ‘seuow.oy ‘spioe Aje) ‘(+)y ‘(+)eN ‘(+g)en
‘1a1em 10} Ayoeded Buipuiq poof e sey ‘ewse|d jo u1}04d UrRW Y} ‘UlNG[R WNJIBS

‘urewop (4Ha) zad | sureuog
‘Ulewop ay1|-aseuny aejAuenb | sureuon
“urewop qgy9 | sureog
"017104 Jo uonelAioydsoyd sy} sale|nLING “Y)| pue 01709 BlA g-eddey-4N seleAnoy

's)siuofe aAI}0919s 418y} 01 HuIpJ0dIe paleu aJe Jey] s101dadal Jo Ajalien e Aq
pajelpaw aJe njy Jo suooe njdeufs)sod 8y “WsISAS SNOAJIBU [BI3USD B} Ul SasdeUAS
Auew 1e Japiwisuesjoinau A101e1oxa Ue e Sjoe ajewein|f-7 -arewein|f Joj 101dasay

‘SJUBLEYYY UIloR

M3U J0 uoirebuola pue UOIBa|aNU 19341 UBY “UOITBWLIO} 41 9-0uYy Buioueyua Agaiayl

439-0UYy pue 4gn-oyy 1ni1oas 03 uigjold Buipjoyes e se 9jo4 e Aejd Aej “uoeWIO)
x8]dw o9 0yy-|AQ PaINPUI-1UAN SeIeIpaL pue ‘oyy pue (JAQ) pajanaysip 03 spulg

%€

%L

%Ll

%6

a8'q

G9'G

€29

189

6L¢lL

088¥ 11

9v0€L1

9/6'¢e’t

NIAOE NETY

u19104d BuuIRUOI-UIRWIOP JUBLWIINIOAI aSedSe)

uungns |-e1jap Joydagal ajeweln|y

sisauafoydiow Jo
101eA10R PalBID0SSE-Pajanaysig

uonaun4

abeJon09
90uanbag o,

Id

(e@) MIN

UoJeW UI810ld

lods

"Buiyaleas aseqejep 109SYIN Pue SIN 401-101VIN Aq paynuapi suiajoid Jo sjiejaq - | ajqel

134



the growth of the crystal. Thus, the same protein acts
differently at different stages of stone formation.

In the present study, when the >3kda frac-
tion was examined for its effect on oxalate injured
MDCK cells, it majorly reflected promoter activi-
ties thereby leading to an increased cell death in
a dose dependent manner. These results suggest
that the proteins which are promoters of crystalli-
zation in nature mask the activity of the proteins
which are inhibitory in nature, thereby leading to
an enhanced cell injury, and consequently cell de-
ath. Our observations are in conformity with the
observations that that renal epithelial damage can
lead to increased crystal attachment (29).

The 2D map suggests that abundant pro-
teins are present in the matrix proteins which are
of both high and low molecular weight. Also both
anionic and cationic proteins are present. Solution
depletion (30) and examination of crystals incu-
bated in protein solutions by transmission elec-
tron microscopy (31) tested the theory of physical
adsorption of urine proteins on surfaces of CaOx
crystals. Results showed proteins have a strong
affinity for CaOx crystals. Adsorption of anionic
proteins was sensitive to calcium ion concentra-
tion, whereas cationic protein adsorption depen-
ded upon the oxalate ion concentration with tem-
perature and pH playing only a minor role.

A pathological crystallization leading to
stone formation might be the net result of one or se-
veral abnormalities or defects in the control of this
process. Low concentrations or structural abnorma-
lities of crystallization modifying macromolecules
or small molecules will cause increased growth and
aggregation of crystals (32). Therefore, any crys-
tallization that occurs most certainly is facilitated
by promoters and it has been suggested that lipo-
protein membranes from the brush border of proxi-
mal tubular cells might serve this purpose (33).

CONCLUSIONS

Studies indicate that the mixture of >3kDa
proteins in the matrix of human renal stones aug-
ment the renal epithelial cell injury induced by
oxalate and thereby may act as promoters of cal-
cium oxalate crystal nucleation and growth. The
effect of promoters masks the inhibitors in the

protein mixture thereby leading to enhanced renal
cell injury. 2D map throws light on the nature of
proteins present in the kidney stone matrix, howe-
ver, their exact role in the mechanism of kidney
stone formation warrant further investigations.

ABBREVIATIONS

CaOx: calcium oxalate

MDCK: madin darby canine kidney

DMEM: dulbecco’s modified eagle’s media

MTT: 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-
tetrazolium bromide

LDH: lactate dehydrogenase

2D PAGE: 2 dimensional polyacrylamide gel elec-
trophoresis

MALDI-TOF: Matrix-assisted laser desorption/io-
nization- Time of Flight

FTIR: Fourier transform infrared spectroscopy
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Proximal Bulbar Periurethral Abscess
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A 67 year-old male with poorly controlled
diabetes and persistent leukocytosis despite appro-
priate antibiotic treatment for pneumonia underwent
computer-tomography (CT) scanning to evaluate for
additional sources of infection. He was noted to have
a 3.5 centimeter rim enhancing fluid collection at
the level of his bulbar urethra (Figure-1, Panel A, B,
(). Upon questioning, the patient recalled an aching
testicular pain that had resolved one week prior. He

denied any difficulty voiding, and post-void resi-
dual measurements were zero. Digital rectal exam,
penile, scrotal, and perineal examination were nor-
mal. Transrectal ultrasound demonstrated an abscess
surrounding the bulbar urethra (Figure-1, Panel D).
Transrectal ultrasound-guided needle aspiration was
performed with return of 30 milliliters of frank pus
and visible resolution of the abscess (Figure-1, Pa-
nel E). The patient had subsequent rapid clinical

Figure 1 - Panel A) Axial CT-scan of the pelvis demonstrating a rim-enhancing fluid collection (black arrow) at the level of the
proximal bulbar urethra; Panel B) Coronal CT-scan showing the periurethral abscess (black arrow) adjacent to the prostate,
which is distinct from the abscess; Panel C) Sagittal CT-scan showing the periurethral abscess (black arrow) adjacent to the
prostate, which is distinct from the abscess; Panel D) Transrectal ultrasound demonstrating the proximal bulbar urethra (white
arrow) within the abscess cavity prior to abscess drainage; Panel E) Transrectal ultrasound demonstrating the proximal bulbar
urethra (white arrow) with resolution of the surrounding abscess cavity at the completion of needle aspiration.




improvement. Although the abscess fluid culture
was negative, he completed a two-week antibio-
tic course per infectious disease recommendations.
Recommended periurethral abscess antibiotic co-
verage is culture-specific or treatment with an
aminoglycoside and cephalosporin (1). Periure-
thral abscesses have been associated with gono-
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coccal urethritis infections, urethral strictures, pe-
riurethral bulking agent injections, and urethral
diverticulum (1-3). Periurethral abscesses are trea-
ted with antibiotic coverage and surgical or need-
le-aspiration drainage depending on abscess loca-
tion. Evaluation for and treatment of underlying
causes of periurethral abscesses is warranted.
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Bilateral Duplex collecting system in Horse shoe kidney:

An unusual association

Pramod K. Sharma, R. Sharma, Mukesh K. Vijay, Amit Goel, Anup K. Kundu

Department of Urology, Institute of Post graduate Medical Education and Research, Kolkata (West

Bengal), India

A 17 years unmarried female presented
to Gastroenterology Department of our hospital
for nonspecific symptoms of epigastric pain. The
Ultrasonographic examination of the patient re-
vealed triple kidney with horseshoe anomaly. She
was then referred to us for further evaluation. We
further proceed with Intravenous Urography (IVU)
which demonstrated a bilateral duplex system in a
asymmetrical horseshoe kidney (L shaped fusion).
Left side kidney was vertically placed while the
right side kidney was horizontally placed. One of
the moieties was on the right side of vertebral col-
umn while the other moiety was overlying the ver-
tebra and isthmus was on the left side of vertebra
(Figure-1). A contrast enhanced computed tomog-
raphy (CECT) scan confirmed the diagnosis of bilat-
eral duplex system in horseshoe kidney (Figure-2).
As the patient had non-specific, unrelated symp-
toms, patient was give symptomatic treatment for
the same and was advised regular follow-up. Du-
plicated collecting systems (also known as duplex
collecting systems) can be defined as renal units
containing two pyelocaliceal systems that are as-
sociated with a single ureter or with double ureters.
The prevalence of Partial duplication is 0.6%, while
complete duplication of ureters occurs in 0.2% of
live births (1). When a single ureteral bud bifurcates
before the ampulla bifurcates, a duplex kidney with
a bifid renal pelvis or bifid ureter results (2). Con-
genital anomalies of the kidneys include a group of
so-called fusion anomalies, in which both kidneys
are fused together in early embryonic life. Fusion

anomalies of the kidneys can generally be placed
into 2 categories: [1] horseshoe kidney and its vari-
ants and [2] crossed fused ectopia. Horseshoe kid-
ney is probably the most common fusion anomaly.
The term horseshoe kidney refers to the appearance
of the fused kidney, which results from fusion at
one pole. Horseshoe kidney is the most common
renal fusion anomaly, the incidence being about 1

Figure 1 - Intravenous Urogram (IVU) showing bilateral
duplex collecting system in horseshoe kidney in which left
renal moieties are vertically placed and one of the right sided
moiety lies over the vertebra (marked by arrow) while the
other one lies to the right of the vertebra. All the calyces
are facing medially.
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Figure 2 - Contrast Enhanced CT scan showing left side
upper moiety ureter (marked by arrow), along with the left
lower moiety and right side two moieties one placed right to
vertebra and another lies over the vertebra.

case per 400 persons worldwide. No clear evidence
of a hereditary trait exists. In more than 90% of
cases, fusion occurs along the lower pole. The renal
pelvis are usually malrotated and lie anteriorly or
laterally. Technically, the term horseshoe kidney is
reserved for cases in which most of each kidney
lies on one side of the spine. This is the symmetric
horseshoe kidney (midline fusion). In asymmetric
horseshoe kidney (L-shaped kidney), the fused part,
or isthmus, lies slightly lateral to the midline (lat-
eral fusion). Horseshoe kidney is generally differ-
entiated from crossed fused ectopia, in which both
fused kidneys lie on one side of the spine, and the
ureter of the crossed kidney crosses the midline
to enter the bladder. For the purpose of diagnosis,
IVU is usually the first-line investigation, followed
by CT scan or scintigraphy in cases with doubt-
ful findings. The most common associated find-
ing in horseshoe kidney is ureteropelvic junction
(UPJ) obstruction, which occurs in up to 35% of
patients. It is the cause of most of the problems
related to horse shoe kidneys. Obstruction is due to
the high insertion of the ureter into the renal pelvis.
The crossing of the ureter over the isthmus may
also contribute to obstruction. Urinary stasis and

stone disease also predispose the horseshoe kidney
to infection, which occurs in 27 - 41% of patients.
Ascending infection from vesicoureteral reflux is
another cause of infection in the horseshoe kidney.
Only three cases with duplex pelvicalyceal system
in horseshoe kidney are described in literature to
the best of our knowledge (3-5).
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Laparoendoscopic Single-site Repair of Retrocaval Ureter

Without any Special Devices

Rafael B. Rebougas, Rodrigo C. Monteiro, Porfirio F. de Medeiros Junior, Antonio C. Madruga Neto, Marcos
M. Soares Junior, Camila N. Guedes, Ricia N. P. Moura, Geraldo Camilo Neto, Gustavo M. C. de Alencar,

Gidacomo F. Souza, Cesar A. Britto
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INTRODUCTION

The retrocaval ureter is a rare congenital
anomaly. The extrinsic compression may be res-
ponsible for obstruction and pain symptoms. The
laparoscopic approach has been used with good
results and less morbidity than the open surgery.
Herein we describe a case of retrocaval ureter tre-
ated with LESS. To our knowledge, this represents
the second such case reported in the literature,
and the first without using any special devices,
such as, single port or bended instruments.

PRESENTATION

Female, 23 years, complaining of right
low back pain for a long time and recurrent uri-
nary tract infection. Renal ultrasound demonstra-
ted right-sided hydronephrosis and intravenous
urography suggested the presence of retrocaval
ureter. DTPA renal scintigraphy confirms delay
in the elimination of contrast through the right
kidney. A laparoendoscopic single-site repair was
planned.

The patient was placed in rightside-up
modified flank position. A semicircular intra-
-umbilical incision was made and the conven-
tional trocars (one 10 mm and two 5 mm) were
inserted through the same incision on different

points of the aponeurosis. The colon was dissec-
ted medially and the proximal ureter lateral to
the vena cava was identified and dissected. An
extra corporeal repair with Vycril 2-0 was used
to facilitate the ureteral dissection and the anas-
tomosis. A segment of ureter was ressected due
to the tortuosity. Two 4-0 Vycril sutures were
used to perform a running anastomosis. An ure-
teral stent was placed after the posterior layer on
an antegrade fashion. A suction drain was left
through the umbilicus.

RESULTS

The total operative time was 145 min.
The blood loss was minimal. The patient was dis-
charged on the third postoperative day and re-
sumed total activity about 10 days after surgery.
The double J was removed within 4 weeks.

DISCUSSION

Albeit technically challenging, LESS re-
pair for retrocaval ureter might represent a feasi-
ble new treatment option for this rare anatomic
anomaly. Special devices could help on the pro-
cedure, however they are not essencials.
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EDITORIAL COMMENT

In the video by Dr. Reboucas and col-
leagues, a less (laparoendoscopic single site)
technique for retrocaval ureter repair was nice-
ly illustrated. This will be the second case re-
ported in the literatura, after Autorino and col-
legues in 2010 (1). Operative time was similar
to laparoscopic series. Ureteroureterostomy can
be challenging using a minimally invasive ap-
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proach, and that increses using a less technique.
A suture to keep the ureter in place was used
by the authors to facilitate the anastomosis.
As with other procedures, minimally invasive
thechniques offer cosmetic advantages as well
as quicker recovery and less pain. Minimally in-
vasive surgery gains more popularity for ureteric
reconstruction type procedures as this described
in the video, with LESS procedure as an option
for retrocaval ureter repair.
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Transurethral neo-orifice (TUNO) a novel technique for
management of upper pole obstruction in infancy

Hubert S. Swana, Tariq S. Hakky, Mark A. Rich

Nemours Children’s Clinic Orlando (MAR) and Department of Urology, University of South Florida
School of Medicine (HSS, TSH), Tampa, Florida, USA

ABSTRACT

Introduction and Objective: Ureteral duplication is the most common urologic abnormality. The upper pole ureter can some-
times be associated with a ureterocele. In rare cases the ureteral insertion is extravesical and can result in significant hy-
droureteronephrosis. Patients can present with urinary tract infection, abdominal mass or urinary obstruction. Traditional
procedures include ureteral reimplantation, ureteroureterostomy or heminephroureterectomy. These reconstructive procedures
are technically challenging in small infants, especially when the hydroureteronephrosis is severe. In some cases a distal cuta-
neous ureterostomy is performed for immediate drainage followed by definitive surgery when the child is older. We describe
our initial experience with a novel cystoscopic technique which provides drainage of the upper pole ureter and avoids the
need for an incision or stoma.

Materials and Methods: A 3 month-old boy presented with urinary tract infections and failure to thrive. Ultrasound revealed
severe upper pole hydroureteronephrosis. Voiding cystourethrography did not reveal vesicoureteral reflux or the presence of
a ureterocele. The patient underwent cytoscopy. The ectopic ureteral orifice was not identified. A transurethral, transvesical
needle puncture and confirmatory ureteropyelography was used to access the dilated upper pole ureter. Guidewire passage,
followed catheter dilation then allowed creation of a new ureteral orifice using a holmium laser.

Results: The patient tolerated the procedure well. He was discharged after overnight observation. The hydronephrosis im-
proved, urinary tract infections have not recurred and the patient rapidly improved feeding and weight gain.

Conclusion: Trans-Urethral Neo-Orifice creation is a minimally invasive option for initial decompression for patients with
obstructive ureteral ectopia.
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EDITORIAL COMMENT

In this video by Swana and colleagues,
the authors highlight a novel endoscopic tech-
nique of managing an ectopic ureteral orifice
not visualized on cystoscopy. By accessing the
dilated upper pole ureter, a neoureteral orifice is
thereafter created using a Holmium laser “cut-
down” technique. I must firstly congratulate the
authors on employing a completely minimal-
ly invasive endoscopic approach to a complex
condition which would traditionally require an
extensive surgical approach. The sequelae of

surgery are particularly meaningful when per-
taining to a pediatric patient population hence
insuring the long-term success of the currently
described technique is essential prior to promot-
ing the presently described surgical approach as
a definitive and first line therapeutic choice. In
conclusion, I would encourage the authors to re-
port intermediate and long-term results (i.e. 1,
2, and 5 years) of the present surgical approach
using functional renal studies (e.g. renal scans) in
subsequent years.

Dr. Philippe E. Spiess

Associate Professor, Department of Urology
Moffitt Cancer Center; Tampa, FL

Video Section Editor,
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Alternative techniques to reduce warm ischemia time in
laparoscopic partial nephrectomy
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ABSTRACT

Purpose: Demonstrate two alternatives that permit a warm ischemia time reduction during laparoscopic partial nephrectomy.
Materials and Methods: In this video, two cases of intermediate complexity renal tumors according to the RENAL nephrom-
etry renal scoring system illustrating the techniques and our preliminary experience: a 65 year old man with a 4 cm right,
posterior renal tumor. This patient underwent an early unclamping and parenchymal suturing using a greek bar continuous
suture with hem-o-lock clips attached to the respective extremities of the suture; The second patient is a 49 year old man with
a 3 cm renal tumor. The technique utilized was no clamping resection following the ABC Medical School technique: dissec-
tion of renal hilum for eventual clamping if necessary, a frontal 360 degrees visualization of tumor limits, pneumoperitoneum
pressure elevated to 25mmHg during tumor resection, spiral excavation of normal parenchyma around the tumor and resec-
tion with negative margins.

Results: We previously performed 15 cases utilizing the early unclamping technique. The mean clamp time was 15 minutes
with a mean blood loss of 285 mL. Only 1 patient had focal positive surgical margins, without recurrence demonstrated at 30
months. Fifteen partial nephrectomies were previously performed with on demand clamping. In 3 cases, clamping was neces-
sary with a mean ischemia time of 11 minutes. The mean blood loss was 390 mL and 2 cases required a perioperative blood
transfusion. One case presented with a positive focal margin without recurrence demonstrated at 24 months of follow-up.
Renal function was preserved in all cases regardless of the technique applied.

Conclusion: Warm ischemia time can be reduced and kidney function can be preserved during laparoscopic nephrectomy if
either early unclamping or on demand clamping are selectively applied.
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EDITORIAL COMMENT

As nicely depicted in this video by Tobi-
as-Machado et al., novel techniques of minimiz-
ing renal ischemia at time of partial nephrec-
tomy are actively being thought. In the present
video, two unique techniques are described: (1)
early unclamping and parenchymal suturing
using a greek bar continuous suture and (2) a
non-clamping resection technique. These two
specific approaches have been well characterized
by others (1,2). Although there are unique tech-
nical nuances adopted by the present authors
pertaining to these techniques, it is important to
highlight that the adoption of an early unclamp-
ing or non-ischemic nephron sparing surgical
approach should for the most part be based on
the features of the underlying renal tumor as it
relates to the renal vasculature, proximity to the
collecting system and likely anticipated extent
of the renorrhaphy reconstruction, as well as its
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exophytic/endophytic location. Many of these
mentioned characteristics are encompassed in
current renal complexity scoring systems (e.g.
nephrometry, PADUA, C-index). In addition, it is
important to highlight that it is now well estab-
lished that pre-operative renal function and the
size of the tumor are the main determinants of
post-operative renal function in a patient under-
going nephron sparing surgery (3,4). Although
ischemia time remains a modifiable variable
which can impact post-operative renal function,
it remains that it has a less important effect on
long-term renal function within this surgical pa-
tient cohort than it was once believed. It nev-
ertheless remains that techniques of minimizing
renal ischemia should be encouraged and pur-
sued using scientifically rigorous and reproduc-
ible techniques to ultimately optimize the surgi-
cal outcomes of our patients.
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relabeled to fit the format of the Journal.

4) IMPORTANT - Avoid - Do Not

a) DO NOT embed the images in the text; save
them as a separate file

b) DO NOT supply artwork as a native file. Most
illustration packages now give the option to “save
as” or export as EPS, TIFF or JPG.

c) DO NOT supply photographs in PowerPoint or
Word. In general, the files supplied in these for-
mats are at low resolution (less than 300 dpi) and
unsuitable for publication.

d) DO NOT use line weights of less than 0.25 point
to create line drawings, because they will nor
appear when printed.

TABLES: The tables should be numbered with Ara-
bic numerals. Each table should be typed on a sin-
gle page, and a legend should be provided for each
table. Number tables consecutively and cites each
table in text in consecutive order.

REFERENCES: The References should be numbered
following the sequence that they are mentioned in
the text. The references should not be alphabeti-
zed. They must be identified in the text with Ara-
bic numerals in parenthesis. Do not include unpu-
blished material and personal communications in
the reference list. If necessary, mention these in
the body of the text. For abbreviations of jour-
nal names refer to the “List of Journals Indexed
in Index Medicus” (http://www.nlm.nih.gov). The
authors must present the references according to
the following examples; the names of all authors
must be included; when exist more than six au-
thors, list the first six authors followed by et al.
The initial and the final pages of the reference
should be provided:

Papers published in periodicals:

= Paterson RF, Lifshitz DA, Kuo RL, Siqueira Jr TM,
Lingeman JE: Shock wave lithotripsy monotherapy
for renal calculi. Int Braz J Urol. 2002; 28:291-301.
* Holm NR, Horn T, Smedts F, Nordling J, de la
Rossete J: Does ultrastructural morphology of
human detrusor smooth muscle cell characterize
acute urinary retention? J Urol. 2002; 167:1705-9.
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Books:
= Sabiston DC: Textbook of Surgery. Philadelphia,
WB Saunders. 1986; vol. 1, p. 25.

Chapters in Books:

= Penn I: Neoplasias in the Allograft Recipient. In:
Milford EL (ed.), Renal Transplantation. New York,
Churchill Livingstone. 1989; pp. 181-95.

The Int Braz J Urol has the right of reject
inappropriate manuscripts (presentation, number
of copies, subjects, etc.) as well as proposes mo-
difications in the original text, according to the
Referees’ and Editorial Board opinion.

THE EDITORS SUGGEST THE AUTHORS
TO OBSERVE THE FOLLOWING GUIDELINES
WHEN SUBMITTING A MANUSCRIPT:

The Ideal Manuscript may not exceed
2500 words.

The Title must be motivating, trying to
focus on the objectives and content of the ma-
nuscript.

Introduction must exclude unnecessary
information. It should briefly describe the reasons
and objective of the paper.

Materials and Methods should describe
how the work has been done. It must contain su-

fficient information to make the study reproduci-
ble. The statistical methods have to be specified.

The Results should be presented using
Tables and Figures whenever possible. Excessive
Tables and Figures must be avoided. The tables
should not be repeated on the text.

The Discussion must comment only the re-
sults of the study, considering the recent literature.

Conclusions must be strictly based on the
study findings.

References should contain no more than
30 citations, including the most important articles
on the subject. Articles not related to the subject
must be excluded.

The Abstract must contain up to 250 words
and must conform to the following style: Purpose,
Materials and Methods, Results and Conclusions.
Each section of the manuscript must be synthe-
sized in short sentences, focusing on the most
important aspects of the manuscript. The authors
must remember that the public firstly read only
the Abstract, reading the article only when they
find it interesting.

NOTE:

Recent issues of the International Braz J Urol must
be observed concerning the presentation form of
the manuscript.

150



INTERNATIONAL

BRAZ J UROL

O o o o o 4

o o o 0O

MANUSCRIPT CHECKLIST

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 defined when first 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 first 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 identified in the text using
Arabic numeral in parenthesis. The names of all authors were provided. When exist more than six authors, list the first
sixauthors followed by et al. The initial and the final 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 final magnification 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.

Conflict of Interest - Any conflict of interest, mainly financial agreement with companies whose products are alluded to in
the paper, is clearly disclosed in the manuscript.

Check that each figure is cited in the text. The illustrations are not merged in the text.
The photographs are supplied as TIFF or JPG files and saved at a resolution of 300 dpi (dots per inch) at final size.

The photographs should be scanned at 300 dpi, with 125mm width, saved as TIFF file and in grayscale, not embed in Word

or PowerPoint.

A list of abbreviations is provided.
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