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Top 100 Articles on Artificial Intelligence in Urology

® Mehmet Eflatun Deniz, ® Mehmet Vehbi Kayra
Baskent University Adana Dr. Turgut Noyan Hospital, Clinic of Urology, Adana, Turkiye

A b St a C T

Artificial intelligence (Al) is rapidly increasing its importance in many fields today, including medicine and even urology. In this article, we have
compiled the top 100 articles on this topic to provide insights into and guide future research for researchers. We selected the best-matched articles
from 2019-2024 by typing "Al in urology” into the search bar on PubMed's website. We accepted the terms deep learning, machine learning, and
neural networks. We have excluded the editorial letter and comments from the study. We reviewed 231 articles and selected the top 100 articles.
We categorized the articles based on the date of printing, publication types, related sub-specialties, journal names, the quartile indexes of these
journals, the number of references, and citations, the country of affiliation of the first author, and the number of centers involved. Every year,
researchers are delving deeper into this topic. Currently, the majority of articles are review articles. High-quality journals are publishing studies on
this topic. Researchers from America and Europe are the leading figures in this field. In Al, researchers focus the most on uro-oncology, which is the
subspecialty of urology. We anticipate a substantial increase in the use of Al in urology in the future. It is imperative to acknowledge that there are

numerous disadvantages, in addition to the advantages. Numerous original articles are necessary.

Keywords: Artificial intelligence, machine learning, deep learning, neural network

Introduction

In the realm of medicine, artificial intelligence (Al) is swiftly
becoming prominent, and its impact on urology is profound.
Validated and optimized Al leads to a speedier, more personalized,
efficient, and focused search compared with traditional methods
(1). The field of Al continues to advance rapidly. The patient-
doctor relationship, as well as patient outcomes, is improving (2).
The ability of Al to efficiently process vast quantities of data, in
combination with the shift towards electronic patient records,
results in increasingly larger "big data" sets. In the future, Al will
be able to analyze and detect novel diagnostic and treatment
patterns (3). Current advances in computer science have already
led to the study and automated optimization of multiple,
highly complex non-medical processes. If applied correctly, the
development of Al models can lead to more effective processing
and analysis of patient-related data, as well as optimized
diagnosis and therapy for urological patients (4).

Al may soon automate and standardize many facets of routine
work. In the near future, the most promising approach appears
to be a model that enhances pathologists with second-review
or real-time Al systems (5). To make patient-specific disease

predictions, Al systems have combined clinical and histologic
information. Al will likely play a major role in histopathological
examination (6). This is a promising approach that has several
possible clinical applications, resulting in increased speed and/
or quality of pathology reports (7). Machine learning (ML)
algorithms, fueled by vast datasets of medical images and
patient records, are adept at detecting subtle abnormalities that
might escape human observation. Al algorithms are proving
invaluable in the interpretation of bladder and kidney scans,
enabling clinicians to pinpoint pathology swiftly and accurately.
This method has effectively utilized automatic tumor detection
and grading in histopathological image analysis to assess the
risk of recurrence, metastasis, or survival (8). It has grown in
use over the years and continues to evolve, contributing to the
decision-making process for modern cancer treatment (9).

Although deep learning (DL) enables the investigation of large
data sets, the implementation of Al still faces considerable
obstacles, such as heterogeneous data infrastructure
between different health care organizations and the need
for collaboration between computer scientists and surgeons.
Modalities such as cystoscopy and robotic video/image-based
data have shown promise, but initial studies require additional
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research to establish more robust results and better ways to
incorporate Al in an effort to improve patient outcomes (10).
Most studies included a small sample of patients from a single
institution, and most models did not undergo proper external
validation. Further research through larger and well-designed
studies is required to develop reliable Al tools (11).

In this study, we compiled research on Al in urology. We aimed
to highlight Al's advantages and disadvantages, showing which
areas it is most needed or lacking in urology, thereby guiding
researchers in their future studies.

Materials and Methods

We entered the term "Al in urology” into PubMed's search bar,
selected the "between 2019 and 2024" date range, and then
sorted the articles using the "best matched" section. We accept
the following terms in articles: “neural network”, "DL", or "ML"
We clicked on all available text and included all article types,
with the exception of editorial letters and comments. After
checking the articles to confirm their relevance to urology, we
excluded unrelated papers. We scanned the first 231 articles on
the list to identify the first 100 that met our inclusion criteria.
No language restriction was applied.

On the Web of Science (WoS) websites, we verified the journals'
quartile scores. We categorized the articles based on the date
of printing, publication types, related sub-specialties, journal
names, the quartile indexes of these journals, the number of
references and citations, the country of affiliation of the first
author, and the number of centers involved. We classified the
articles by sub-specialties based on the European Association of
Urology 2024 guidelines. The WoS website checked how many
citations the articles had recently received.

This study did not seek ethical committee approval because it
was a bibliometric study without any human subjects.

Limitations

We evaluated the Top 100 articles using the best-matched tab
for keywords in PubMed, potentially excluding high-quality
articles that did not match the relevant keywords from the list.

Results

The distribution of the top 100 articles in the study by year
indicates that there were 3 articles in 2019, 13 in 2020, 16
in 2021, 19 in 2022, 28 in 2023, and 21 in 2024 up to this
point (Table 1). The dominant type of article was a review study
(n=59). The remainder consisted of 23 original articles, 9 research
supports, 6 multicenter studies, 1 clinical study, 1 comparative
study, and 1 meta-analysis (Table 2). The publications appeared in
53 different journals. It is evident that certain journals prioritize

2

articles related to Al over others. During this period, Current
Opinion in Urology holds the top rank with 15 publications
about Al, followed by Urologic Clinics of North America with 9
publications, and Current Urology Reports with 6 publications
(Table 3). Notably, 58% of these journals published their articles
in the first quartile (Q1), 30% in the second quartile (Q2), 20% in
the third quartile (Q3), and 2% in the fourth quartile (Q4) (Table
4). The average number of citations was 6.88 (range 0-58). All
of the articles with 0 or 1 citation were published in 2023 or
2024. The first authors were from 28 different countries. The
United States is clearly at the forefront of this ranking (n=61),
followed by England (n=12), Germany (n=7), the Netherlands
(n=6), Canada (n=5), and France (n=5), and these are followed
by others with 1 or 2 articles (Table 5).

We found that based on their subspecialties, 53% of the articles
focused on oncology. Out of these, 26 articles focused on
prostate cancer (PCa), including topics such as pathology (n=6),
genomics (n=3), follow-ups (n=4), radiology (n=9), education
(n=2), and limitations (n=2). Additionally, 13 articles addressed
bladder cancer (BCa), including diagnostic cystoscopy (n=3),
cytology (n=3), histopathology (n=3), radiogenomics (n=1),
lymph node metastases (n=2), and one article each on general
oncology, kidney cancer (KCa), and quality of life (Qol). There
were 17 articles on patient care, 10 articles on stone disease,
7 articles on endourology and robotic surgery, and 4 articles
on men's health [lower urinary tract symptoms (n=1), infertility
(n=2), and erectile dysfunction (n=1)]. There are 3 articles on
surgical training and pediatrics, 2 articles on transplantation,
and 1 article on neuro-urology and QoL (Table 6).

Table 1. Number of articles by years

(n)
2019 3
2020 13
2021 16
2022 19
2023 28
2024 21
Table 2. Type of articles

(n)
Review 59
Original article 23
Research support 9
Multicenter study 6
Clinical study 1
Comparative study 1
Meta-analysis 1
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Table 3. The journals

Table 3. Continued

(n) (n)
Actas Uroldgicas Espafiolas 1 Urologie 2
American Society of Clinical Oncology Educational Book 1 Urology Practice 1
Annals of Surgical Oncology 1 World Journal of Urology 5
Archivos Espanoles de Urologia 1
BJU International 2 Table 4. The quartile numbers of the journals
BMC Cancer 1 (n)
BMC Medical Informatics and Decision Making 1 Q1 58
BMC Medicine 1 Q2 30
BMJ Open 1 Q3 10
Canadian Journal of Urology 1 Q4 2
Cancer Cytopathology 1
Cell Reports Medicine 1 Table 5. First author's country
Computer Methods and Programs in Biomedicine 1 (n)
Contrast Media Mol Imaging 1 USA 35
Current Opinion in Urology 15 Germany 13
Current Urology Reports 6 China 1
Der Urologe 1 Italy 7
European Journal of Nuclear Medicine and Molecular Imaging | 1 UK 5
European Urology 2 France 5
European Urology Focus 3 Austria 2
European Urology Oncology 1 Belgium 2
International Brazilian Journal of Urology 2 Canada 2
International Journal of Impotence Research 1 India 2
International Journal of Molecular Sciences 1 Japan 2
International Journal of Surgery 2 Korea 2
International Journal of Urology 1 Netherlands 2
International Urology and Nephrology 1 Singapore 2
Investigative and Clinical Urology 2 Tiirkiye 2
JCO Clinical Cancer Informatics 1 Brasil 1
Journal of Endourology 1 Greece 1
Journal of Nephrology 1 Kazakhstan 1
Journal of Pathology 1 Russia 1
Journal of Pediatric Urology 1 Spain 1
Journal of the National Cancer Institute 1 Taiwan 1
Journal of Translational Medicine 1
Journal of Urology 2 Table 6. Relevant subspeciality
Lancet Digital Health 1 n
Lancet Oncology 1 Endourology and robotic surgery 7
Medicina (Lithuania) 1 Men's health 4
Military Medical Research 1 Neuro-urology 1
Minerva Urology and Nephrology 3 Oncology-bladder 13
Nature Reviews Urology 1 Oncology-general 10
New England Journal of Medicine 1 Oncology-kidney 3
PLoS One 1 Oncology-prostate 26
Prostate 1 Oncology-quality of life 1
Prostate Cancer and Prostatic Diseases 3 Patient care 17
Radiology 1 Pediatric 3
Urologe 2 Stone disease 10
Urologic Clinics of North America 9 Surgical training 3
Urologic Oncology 3 Transplantation 2




Deniz and Kayra.
Artificial Intelligence in Urology

J Urol Surg,
2025:12(1):1-5

Discussion

Al's primary application in urology is in the field of
genitourinary cancers. Upon examining the statistics, it is
evident that the majority of the articles fall within the field
of urological oncology. Reviewing all the articles reveals the
use of Al in diagnosis, particularly in pathological, radiological,
and genomic contexts, focusing on PCa and BCa. Focusing on
PCa, Al was applied for the prediction of prostate biopsy results.
ML algorithms performed predicted recurrence-free probability
and diagnostic evaluation for BCa. For KCa and testis cancer,
anecdotal experiences were reported for staging and prediction
of disease recurrence (12). Suarez-lbarrola et al. (13) used
radiomics and texture feature analysis for BCa studies. They
focused on image-based cytology and algorithms for treatment
response, tumor recurrence, and patient survival. PCa studies
aim to develop Gleason score prediction, magnetic resonance
imaging computer-aided diagnosis prediction, surgical
outcomes prediction, and biochemical recurrence prediction.
They looked into how ML and DL could be used in renal cell
cancer, to differentiate between benign and malignant masses,
determine the Fuhrman nuclear grade, and develop molecular
signatures (13). By analyzing data using various methods, ML-
based programs appear to be able to prevent undiagnoses,
or missed diagnoses, but it is indisputable that a significant
number of original studies are still required.

Perhaps one of the areas where Al is currently most beneficial
is education. Regarding the simulation technology, many
clinicians, residents, and medical students benefit from these
developments. Khanna et al. (14) created a fully automated Al
tool for robotic-assisted radical prostatectomy surgical video
annotation. Automated surgical video analysis has immediate
practical applications in surgeon video review, surgical training
and education, quality and safety benchmarking, medical billing
and documentation, and operating room logistics.

Al has also contributed to patient care. The plan is to provide
more cost-effective services through the use of statistics on
patient care both inside and outside the hospital. Reducing
readmissions, strengthening patient-doctor relationships,
and providing higher-quality services are among the primary
goals of using Al in this field. Wendler et al. (15) discussed the
role of various technologies at different stages of the surgical
workflow, including surgical decision and planning, target
localization and excision guidance, and surgical verification at
the back table. Stai et al. (16) conducted a survey to compare
confidence in human and computer-based diagnosis. Most
participants express confidence in Al in providing medical
diagnoses, sometimes even over human physicians. Despite
their general concerns, participants mistakenly believe that
surgical Al is already in use. There is currently no evidence that
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Al can identify the critical tasks of robot-assisted surgery that
determine patient outcome. There is an urgent need for research
on large datasets and external validation of the Al algorithms
used (17).

Researchers also have expectations for Al in the field of men's
health. Researchers use a variety of Al- and ML-based methods
to assess sperm parameters and DNA integrity or damage,
and to ensure the success of conventional testicular sperm
extraction in patients with non-obstructive azoospermia. While
Al and ML hold promise in accurately assessing semen analysis
and providing correct information to clinicians, it is essential
to address challenges such as data quality, standardization,
and ethical considerations (18). Xiong et al. (19) reviewed 30
articles to summarize the current status, merits, and limitations
of applying Al in diagnosing and predicting ED. The results
showed that Al contributed to developing novel diagnostic
questionnaires, equipment, expert systems, image classifiers,
and predictive models.

There is substantial evidence that pediatric urologic publications
using Al methodology have exponentially increased in recent
years. While these studies show enormous promise for better
understanding of disease and patient care, urologists should be
realistic about the challenges arising from the nature of pediatric
urologic conditions and practice in order to continue to produce
high-impact research (20). For instance, the world of pediatric
urology has been slow to fully accept robotic surgery, largely
due to its initial application for adult use and its inherent high
cost. However, as previously shown, it has now become the gold
standard for adolescent pyeloplasty in the United States (21).

As the years passed, the transition from open surgery to
endourology occurred in parallel with the use of instruments in
urology, and this process subsequently evolved into minimally
invasive interventions. With technological advancements in
automated systems, Al is increasingly gaining prominence. In
the coming years, we anticipate a gradual decrease in human
factors' role in medicine. Currently, reviews predominate, but over
time, original studies should contribute to the field of urology.
Furthermore, prestigious academic journals are publishing Al-
related results. As countries increase their investments in science
and technology, it is not surprising to see a rise in the amount
of research conducted on this topic. However, the clinical use of
Al has not yet fully settled. Currently, clinicians only use Al to
conduct detailed data analyses in clinical settings. Additionally,
despite the availability of numerous computer programs,
clinicians have yet to demonstrate proficiency in using them.
We hope that in the future, Al can go beyond detailed data
analyses used in diagnosis and instrumental technological
advancements in surgery.
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Conclusion

Al is currently at the center of attention, especially for young
researchers, and stands out as one of the most popular topics.
It is not surprising that clinicians want to benefit from the
indispensable innovations that technology offers in every field.
Not only is it quite natural for expectations to be high, but
time will also tell whether Al can truly provide superhuman
contributions.
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What’s known on the subject? and What does the study add?

In testicular torsion, which causes physical and psychological damage, the duration of symptoms and the increase in the degree of torsion are
the main parameters that cause testicular loss. However, the discussions on the cut-off points of these parameters continue. In this study, we
tried to determine the cut-off points of these parameters and also tried to determine the value of new hematological parameters that have
not been investigated before in predicting testicular loss.

A st a C T

Objective: In this study, we aimed to determine clinical and hematological parameters that may predict testicular viability or testicular loss in
patients diagnosed with testicular torsion and undergoing scrotal exploration.

Materials and Methods: Our study included 98 patients aged 1-25 years diagnosed with testicular torsion. Two groups were formed: the testicular
salvage group and the unsuccessful testicular salvage group. Demographic, clinical, and hematological parameters of the two groups were compared.

Results: While 52 patients were considered successful testicular salvage, 46 patients were grouped as unsuccessful. Symptom duration and
torsion degree were significantly higher in the unsuccessful testicular salvage group than in the successful testicular salvage group (p<0.001,
respectively). White blood cell, neutrophil, monocyte, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, monocyte-to-lymphocyte
ratio, systemic immune-inflammation index, systemic inflammation response index (SIRI), and aggregate index of systemic inflammation (AISI)
values were significantly higher in the unsuccessful testicular salvage group (p=0.001, p<0.001, p=0.016, p=0.002, p=0.012, p=0.001, p=0.001,
p<0.001, and p<0.001, respectively). The most important predictors for successful testicular salvage were symptom duration and degree of torsion.
In the successful salvage of testicular torsion, the threshold for symptom duration was established at 9 hours, while the maximum torsion degree
tolerated was set at 270°. Furthermore, 2.21x10°/uL for SIRI and 635.59x10%/uL? for AISI were determined as the limit values predicting organ loss.

Conclusion: In our study, we found that the most important parameters in predicting organ loss in testicular torsion were the degree of torsion
and symptom duration. Hematological parameters in testicular torsion patients may help predict the need for scrotal exploration and potential
outcomes such as orchiectomy or testicular atrophy.

Keywords: Testicular torsion, orchidopexy, orchiectomy, haematological tests

Introduction The incidence of testicular torsion has been reported to be 1 in
4,000 among male patients up to 25 years of age (2). The critical
Testicular torsion is an urgent urological condition period to save the testicle after the onset of pain in testicular

characterized by reduced blood flow to the testicle due to the torsion is 4-8 hours (3). The risk of testicular loss increases with
rotation of the testicle and epididymis. Urgent intervention  each hour passed. It is 5% within the first 6 hours, 40% after

is required to protect the viability of the testicle and prevent 12 hours, and 80% after 24 hours (4). The most commonly
testicular loss (1).
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used imaging method in the differential diagnosis of testicular
torsion is scrotal color Doppler ultrasonography (CDUS), which
has high sensitivity and specificity (5).

In the literature, studies examine clinical parameters such as
symptom duration and the degree of cord rotation, which predict
testicular viability before surgery (6,7). However, most of these
studies did not evaluate testicular atrophy, which develops after
orchidopexy and is considered unsuccessful testicular salvage.
Based on the data obtained in these studies, it can be said that
symptom duration and the degree of spermatic cord rotation
are significant parameters affecting testicular viability (7,8).

It has been shown that systemic inflammatory markers may
increase with hypoxic tissue damage occurring in testicular
torsion (9,10). In some studies, hematological parameters of
systemic inflammation have been used in the differential
diagnosis of epididymo-orchitis and testicular torsion (11,12).
A limited number of studies have also used hematological
parameters to predict testicular viability in testicular torsion
(13,14).

The aim of this study was to identify clinical and hematological
parameters that can predict testicular viability or testicular
loss in patients diagnosed with testicular torsion who undergo
scrotal exploration.

Materials and Methods

The study was conducted at the Urology Clinic of Afyonkarahisar
Health Sciences University. Following ethical approval from the
Clinical Research Ethics Committee of Afyonkarahisar Health
Sciences University (2011-KAEK-2, 2024/2, date: 19.04.2024) the
data were collected retrospectively. The study was carried out in
accordance with the principles of the Helsinki Declaration.

The study included patients who visited the Department of
Urology at the Afyonkarahisar Health Sciences University
between April 2012 and April 2023, with testicular pain,
diagnosed with testicular torsion through examination and
CDUS. Symptoms in infant patients were restlessness, crying,
and swelling in the testicle. CDUS was performed on all patients
before the operation. All patients underwent scrotal exploration,
with the diagnosis of testicular torsion confirmed Testicular
viability was confirmed using the three-grade bleeding test
recommended by Arda and Ozyaylali (15). Patients between the
ages of 1 and 25 were included in the study.

Appendiceal testicular torsion, signs of epididymo-orchitis, any
malignancy, receiving chemotherapy, hematological disease,
hepatic or renal failure, other infection sites, partial blood flow
to the testicle, and other testicular pathologies (cryptorchidism,
etc) were the exclusion criteria. Patients with significant
differences in testicular volumes, either on preoperative physical

examination or CDUS, and patients with clinical varicocele were
not included in the study.

A total of 117 patients were included in the study. Twelve
patients who did not attend follow-ups reqularly for at least 6
months or whose testicular volume was not measured by CDUS
were excluded from the study. Additionally, seven patients
whose testicular torsion was not confirmed during scrotal
exploration were excluded. Thus, the study proceeded with a
total of 98 patients. Demographic and clinical data such as
age, time from the onset of pain to the operation, seasonality,
laterality, CDUS findings (degree of torsion, testicular volume,
etc.), and preoperative hemogram values were recorded. The
degree of torsion was calculated as rotation measured on CDUS.
Symptom duration was the time from the onset of symptoms
until the testicle was exposed during exploration. Patients who
showed a volume difference of more than 50% between the
affected testicle and the contralateral testicle on postoperative
CDUS were classified as having testicular atrophy and were
included in the unsuccessful testicular salvage group (16,17).

Preoperative complete blood count (CBC) parameters of
the patients such as white blood cell (WBC), neutrophil,
leymphocyt, monocyte, basophil, eosinophil, haemoglobin,
platelet, mean corpuscular volume, mean platelet volume
(MPV), platelet distribution width, red cell distribution width
(RDW)-coefficient of variation, RDW-standard deviation
values were measured. Furthermore, the values of the systemic
inflammatory markers obtained from CBC parameters such as
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), monocyte-to-lymphocyte ratio (MLR) and
monocyte-to-platelet ratio, systemic immune-inflammation
index (SIl) (neutrophil*platelet to lymphocyte ratio), systemic
inflammation response index (SIRI) (neutrophil*monocyte to
lymphocyte ratio), aggregate index of systemic inflammation
(AISI) (neutrophil*platelet*monocyte to lymphocyte ratio) were
calculated.

As a result, two groups were formed: the successful testicular
salvage group, in which orchidopexy was performed, and no more
than 500 atrophy was detected compared to the contralateral
testicle, and the unsuccessful testicular salvage group, in which
orchiectomy was performed, or more than 50% testicular
atrophy was detected during follow-up after orchidopexy.
Demographic, clinical, and hematological parameters of the two
groups were compared.

Statistical Analysis

A statistical program (SPSS for Windows, v21) was used for
data analysis. The Kolmogorov-Smirnov test, histogram, and
skewness-kurtosis coefficients were used to evaluate whether
the data had a normal distribution. Nominal and ordinal
variables were compared using the Pearson chi-square test or

7



Gergek et al.
Organ Loss in Testicular Torsion

J Urol Surg,
2025;12(1):6-13

Fisher's exact test. The Student's t-test was used for normally
distributed variables, while the Mann-Whitney U test was
used for parameters that did not have a normal distribution.
Independent predictors of organ loss in testicular torsion were
examined with the binary logistic regression analysis. Receiver
operating characteristic (ROC) curve analysis was used to
assess the diagnostic decision-making abilities of clinical and
hematological parameters in predicting testicular loss. A value
of p<0.05 was accepted as statistically significant.

Results

While 67 (68.4%) of the 98 patients in the study underwent
orchidopexy, the remaining 31 (31.6%) underwent orchiectomy.
During follow-ups, 15 (22.4%) of the 67 patients who
underwent orchidopexy showed more than a 50% reduction in
the affected testicle compared to the contralateral testicular
volume. These 15 patients were also included in the unsuccessful
testicular salvage group along with those who underwent
orchiectomy. As a result, 52 (53.1%) patients were classified as
successful testicular salvage, while 46 (46.9%) were classified as
unsuccessful.

The mean age of all patients was 15.37+5.45 years, with no
significant difference between the groups (p=0.398). Testicular
torsion was found on the left side in 62 (63.3%) patients. There
was no difference between the groups in terms of the side of
torsion and seasonality (p=0.530 and p=0.738, respectively)
(Table 1). The follow-up period of all patients ranged from 6 to
48 months. The median follow-up period was 11 months in the
detorsion group and 12 months in the orchiectomy group.

The median symptom duration was 5.5 hours in the successful
testicular salvage group, which was statistically significantly
lower than in the unsuccessful group (p<0.001). The median
degree of torsion was 180° in the successful testicular salvage
group and 360° in the unsuccessful testicular salvage group,
with a statistically significant difference (p<0.001) (Table 1).
In addition, the median symptom duration of 15 patients who
developed testicular atrophy after detorsion was 17 hours; and
the median torsion degree was 360 degrees.

When hematological parameters were analyzed between the
groups, WBC, neutrophil, monocyte, NLR, PLR, MLR, SII, SIRI,
and AISI values were statistically significantly higher in the
testicular salvage failure group. There were no significant
differences between the groups in other hematological
parameters (Table 1).

Multivariate binary logistic regression analysis was used to
identify the possible independent predictors of organ loss in
testicular torsion that contributed the most to the outcome.
Symptom duration, degree of torsion, WBC, neutrophil,
monocyte, NLR, PLR, MLR, SlI, SIRI, and AISI values were used
as predictors. The model predicting organ loss in testicular
torsion was found to fit the data well [Hosmer-Lemeshow test:
x*(8)=8.7, p=0.364] and could explain 62.1% of the variance
(Nagelkerke R?=0.621). The model correctly predicted 88.5%
of successful salvages and 80.4% of unsuccessful salvages
(84.7% in total). The success of testicular salvage in cases
of testicular torsion was strongly related to the symptom
duration and the degree of torsion (p=0.001 and p=0.029,
respectively) (Table 2).

Table 1. Comparison of demographic and clinical data of the groups

Successful salvage

Unsuccessful salvage

(n=52) (n=46) p
n (%) n (%)
Age (years) 15.81+4.49 14.87+6.38 0.398
Laterality
Right 21 (40.4) 15 (32.6)
0.530
Left 31 (59.6) 31 (67.4)
Symptom duration (h) 5.5 (3-8)* 16 (10-48)* <0.001
Torsion degree (°) 180 (112.5-360)* 360 (360-540)* <0.001
Seasonality
Winter 17 (32.7) 14 (30.4)
Spring 11 (21.2) 9 (19.6)
0.738
Summer 12 (23.1) 8(17.4)
Autumn 12 (23.1) 15 (32.6)
WBC count (x103/pL) 9.71+3.08 12.49+4.66 0.001
Neutrophil count (x103/uL) 6.44+3.03 9.24+4.44 <0.001
Lymphocyte count (x10%/puL) 2.45+1.12 2.11+0.92 0.108
Monocyte count (x103/uL) 0.62+0.31 0.84+0.44 0.016
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Table 1. Comparison of demographic and clinical data of the groups

Successful salvage Unsuccessful salvage

(n=52) (n=46) p

n (%) n (%)
Basophil count (x103/puL) 0.035+0.024 0.070+0.18 0.241
Eosinophil count (x103/uL) 0.11+0.10 0.0940.11 0.169
Hemoglobin level (g/dL) 14.56+1.52 14.30+1.31 0.364
Platelet count (x10%/uL) 273.80+59.48 293.71£94.11 0.662
MCV (fL) 83.46+3.94 85.32+6.01 0.072
MPV (L) 9.49+1.16 9.13+1.26 0.151
PDW (fL) 12.23+2.59 13.16+2.84 0.111
RDW-CV (%) 13.20+0.77 13.26+0.99 0.760
RDW-SD (fL) 39.32+2.08 39.97+2.84 0.268
NLR (%) 3.46+2.79 5.56+4.36 0.002
PLR (%) 136.83+81.11 158.53+67.50 0.012
MLR (%) 0.28+0.15 0.46+0.29 0.001
MPR (%) 0.0024+0.0012 0.0030+0.0016 0.085
SIl (x10%/pL) 2{2)(7):3;1[;%‘:3;”51.58)* 125?:32?%65.24-1828.50]* 0.001
SIRI (x10%/uL) 1:23(1).‘??-2.32)* g:lsi(?:;?-e.39]* <0.001
AISI (x10°/pL?) 383133*[?;?35-66432]* 1?5.?54 Jf;g: i:s 1553.59)* <0.001

*: Median (25-75 percentiles), WBC: White blood cell, MCV:

Mean corpuscular volume, MPV: Mean platelet volume, PDW: Platelet distribution width, RDW-CV: Red cell
distribution width-coefficient of variation, RDW-SD: Red cell distribution width-standard deviation, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio,
MLR: Monocyte-to-lymphocyte ratio, MPR: Monocyte-to-platelet ratio, SlI: Systemic immune-inflammation index (neutrophil*platelet to lymphocyte ratio), SIRI: Systemic
inflammation response index (neutrophil* monocyte to lymphocyte ratio), AISI: Aggregate index of systemic inflammation (neutrophil*platelet* monocyte to lymphocyte ratio)

Table 2. Multivariate logistic regression analysis of parameters predicting organ loss in testicular torsion

Unsuccessful salvage

Risk factor
OR (95% CI) p-value

Symptom duration (h) 1.076 (1.032-1.121) 0.001
Torsion degree (°) 1.004 (1.001-1.007) 0.019
WBC count (x10%/pL) 1.132 (0.508-2.523) 0.762
Neutrophil count (x10°/pL) 0.891 (0.319-2.490) 0.825
Monocyte count (x103/uL) 0.134 (0.001-21.529) 0.438
NLR (%) 2.370 (0.554-10.131) 0.245
PLR (%) 1.005 (0.981-1.031) 0.665
MLR (%) 0.324 (0.000-3517.793) 0.812
SH (x103/uL) 0.996 (0.989-1.003) 0.254
SIRI (x10%/pL) 0.293 (0.025-3.467) 0.330
AISI (x10%/uL?) 1.008 (0.999-1.017) 0.088

OR: Estimated relative risk shown by odds ratio, Cl: Confidence interval, WBC: White blood cell, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio,
MLR: Monocyte-to-lymphocyte ratio, SII: Systemic immune-inflammation index, SIRI: Systemic inflammation response index, AlSI: Aggregate index of systemic inflammation

ROC analysis was conducted to determine the cut-off values
for symptom duration, degree of torsion, NLR, PLR, MLR, SlI,
SIRI, and AlSI score for successful testicular salvage in testicular
torsion. The evaluation by ROC analysis revealed that symptom
duration, degree of torsion, NLR, PLR, MLR, SlI, SIRI, and AlISI
score had diagnostic value in predicting successful testicular

(Table 4).

salvage (Figures 1 and 2). The threshold for symptom duration

was established at 9 hours, while the maximum torsion-degree
tolerated was set at 270° (Table 3). Furthermore, 2.21x10%/uL for
SIRI and 635.59x10%/ul? for AISI were determined as the limit
values predicting organ loss. Other hematological parameters
for which limit values were determined are given in the table
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Figure 1. The ROC curve analysis of symptom duration and torsion degree in
testicular salvage

ROC: Receiver operator characteristic

ROC Curve
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Curve
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Figure 2. The ROC curve analysis of NLR, PLR, MLR, SlII, SIRI and AlISI in
testicular salvage

ROC: Receiver operator characteristic, NLR: Neutrophil-to-lymphocyte ratio, PLR:
Platelet-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte ratio, Sll: Systemic
immune-inflammation index, SIRI: Systemic inflammation response index, AISI:
Aggregate index of systemic inflammation

Table 3. Areas under the ROC curve (AUC), sensitivity and specificity by the optimized cut-off points for symptom duration and
torsion degree in testicular loss

Risk factor AUC (95%) Cut-off p Sensitivity (%) Specificity (%)
Symptom duration (h) 0.885 (0.818-0.953) 9 <0.001 78.8 87.0
Torsion degree (°) 0.749 (0.651-0.846) 270 <0.001 57.7 89.1

ROC: Receiver operator characteristic, AUC: Areas under the ROC

testicular loss

Table 4. Areas under the ROC curve (AUC), sensitivity and specificity by the optimized cut-off points for Sll, SIRI and AISI in

Risk factor AUC (95%) Cut-off p Sensitivity (%) Specificity (%)
NLR 0.679 (0.573-0.785) 3.10 0.002 63.5 63

PLR 0.647 (0.538-0.756) 126.33 0.012 61.5 60.9

MLR 0.700 (0.595-0.806) 0.30 0.001 65.4 65.2

N 0.704 (0.601-0.807) 968.17 0.001 65.4 65.2

SIRI 0.734 (0.632-0.835) 2.21 <0.001 69.2 69.6

AISI 0.752 (0.651-0.853) 635.59 <0.001 69.2 69.6

ROC: Receiver operator characteristic, AUC: Areas under the ROC, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte

ratio, SlI: Systemic immune-inflammation index, SIRI: Systemic inflammation response index, AISI: Aggregate index of systemic inflammation

Discussion

In our study, the mean admission time was 5.5 hours in the
successful group and 16 hours in the unsuccessful group. Again
in our study, the rate of atrophy after orchidopexy was 22.4%.
As a result of the ROC analysis performed to determine the cut-
off values for testicular salvage, we showed that this limit was 9
hours for symptom duration and 270° for the degree of torsion.

Testicular torsion is a urological emergency that can result in
testicular ischemia and organ loss if not promptly diagnosed
and treated. In our study, we examined patients who underwent
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surgical exploration for testicular torsion and subsequently
underwent either orchidopexy or orchiectomy. These patients
were also enrolled in the 6-month follow-up schedule. Thus,
we evaluated whether atrophy developed in patients treated
with orchidopexy. Our study holds significance in assessing the
long-term outcomes of orchidopexy and evaluating systemic
inflammation indices that have not been previously investigated
in the literature.

A study evaluating the duration of symptoms and the degree of
torsion reported that the only significant variable in multivariate
regression analysis was the duration of torsion (16). However,
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this study reported a mean duration of hospital stay of 24 hours
for the orchidopexy group and 96 hours for the orchiectomy
group. These durations were significantly longer than those
observed in our study and in many other studies in the literature
(8,18). These increased admission times may have affected the
results of the study.

In a study examining the prognostic factors for testicular
salvage during testicular torsion, the median duration of
admittance to the hospital in the successful testicular salvage
group (orchidopexy) was found to be 5 hours, and the degree
of torsion was 360°, with a mean follow-up period of 8 months.
In the unsuccessful group (orchiectomy + atrophy), these values
were reported to be 12.5 hours and 540°. The rate of atrophy
after orchidopexy was 25.7%. Howe et al. (8) revealed that the
most important prognostic factors for testicular salvage were
symptom duration and degree of torsion. In the ROC analysis,
the cut-off value for symptom duration was identified as 8.5
hours. These results show similarities to our study. We think that
it is significant to have similar results in these two studies with
similar admission times, degree of torsion and age range.

In their study, Lian et al. (19) showed that 54% of patients
who underwent orchidopexy for testicular torsion experienced
testicular atrophy. It was also noted that no testicle with a
symptom duration longer than 3 days could be salvaged. The
median follow-up period in their study was 12.5 months.

In the study by He et al. (13), the participants were divided into
two groups: those who underwent orchiectomy and orchidopexy
at their first visits. They showed that symptom duration,
degree of torsion, and MPV value were significant predictors
of orchiectomy. In the study, 20 out of 54 patients returned
for follow-up visits after orchidopexy. Although the volume of
the affected testicles was reported to decrease in comparison
to the contralateral testicle, they suggested that testicular
function was preserved due to blood supply in the testicular
parenchyma. However, numerous studies have indicated that
the function of the affected testicle decreases after torsion,
and this deterioration worsens with prolonged torsion duration
(20,21).

There is a limited number of studies investigating the value
of hematological parameters in testicular torsion (13,14,22).
Yucel and Ozlem llbey (9) analyzed patients with acute scrotal
pain, including 85 patients who underwent orchiectomy or
orchidopexy for testicular torsion, 72 patients diagnosed with
epididymitis, and 78 healthy men as a control group. According
to the findings of their study, NLR and PLR values were observed
to be similar between the torsion and epididymo-orchitis groups,
but significantly higher than the control group.

Bitkin et al. (11) evaluated three groups: the epididymo-orchitis,
torsion, and control groups, and NLR values were higher in the

other two groups compared to the control group. PLR value
was higher in the epididymo-orchitis group than in the other
groups. NLR was shown to be similar between the torsion and
epididymo-orchitis groups.

However, it's worth noting that the age groups of the populations
in these two studies were statistically different. There are studies
showing that neutrophil count is the lowest in the pediatric
period and increases with age, whereas lymphocyte count is
the highest in the pediatric period and decreases with age (23).
Hence, studies incorporating CBC and systemic inflammatory
indices with varying age groups could be restrictive. In our
study, we included a patient population with comparable age
groups.

CDUS has been safely used for many years with high
sensitivity in the differentiation of epididymo-orchitis and
torsion. Furthermore, it has been reported that erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) values
can also help in the differentiation of these two pathologies
(24). Since hematological parameters are not as precise as
scrotal CDUS for the differential diagnosis of testicular torsion
and are non-specific, like CRP and ESR, it might be more useful
to assess whether these parameters can serve as predictive
factors in evaluating surgical success.

Under physiological conditions, an increase in platelet count
typically results in a decrease in MPV to maintain hemostasis.
Since this non-linear inverse relationship between PLT and MPV
values can be disrupted in various pathologies, it is recommended
to analyze these two values together. MPV is strongly influenced
by many inflammatory diseases, age, gender, dietary habits, and
genetic factors (25). He et al. (13) reported that the MPV value
was predictive of the need for orchiectomy, while Cicek et al.
(22) found that the MPV value was significantly different in the
testicular torsion group compared to the healthy group. Gilines
et al. (14), on the other hand, found significant differences in
NLR, PLT, and PLR values between the testicular torsion group
and the control group. However, MPV did not play a role in
predicting the diagnosis of testicular torsion. Merder et al. (18)
similarly noted that the MPV value did not differ between the
groups. In our study, we also found that the MPV value did not
show a significant difference between the groups. We believe
that more data and research are needed to evaluate the use of
MPV, which is influenced by factors such as age, gender, eating
habits, and genetics, in testicular torsion.

In our study, WBC, neutrophil, monocyte, NLR, PLR, MLR, SlI, SIRI,
and AISI values were found to be statistically significant and
higher in the unsuccessful testicular salvage group compared
to the successful group. In a retrospective study of 60 male
patients diagnosed with testicular torsion published in 2018,
NLR value was reported to be predictive of testicular salvage.

n



Gergek et al.
Organ Loss in Testicular Torsion

J Urol Surg,
2025;12(1):6-13

However, since there was no long-term follow-up in that study,
the rate of testicular atrophy was not reported. Therefore,
testicular salvage is limited to orchidopexies performed in the
first stage (26). In our study, more precise results were obtained
by assessing long-term testicular atrophy and incorporating
systemic inflammatory indices from recent research.

It should be noted that successful testicular salvage offers
psychological benefits in addition to physical ones. Research
has shown that testicular loss can cause feelings of shame and
unease in some men (27). This increases the importance of early
admission and intervention in testicular torsion patients.

Study Limitations

There are some limitations to our study. One of these is that
scrotal CDUS was not performed by the same radiologist when
evaluating the degree of testicular torsion. Another limitation of
our study is its lack of generalizability to the broader population
due to its single-center, retrospective design. We believe that
this study will pave the way for future multicenter prospective
studies, providing a more comprehensive representation of the
general population. The strengths of our study are the clear
distinction between successful and unsuccessful testicular
salvage groups through long-term follow-up data analysis,
the analysis of previously unexplored parameters Sll, SIRI, and
AlSI, and the establishment of robust cut-off values for critical
factors like symptom duration and degree of torsion.

Conclusion

Our study revealed that the most crucial parameters in
predicting organ loss in testicular torsion, which can lead
to both psychological and physical damage, are the degree
of torsion and symptom duration. This underscores the
significance of early diagnosis and treatment. This study, which
highlights the value and importance of previously unexplored
hematological parameters, will contribute to the literature.
We think that hematological parameters and systemic
inflammatory indices, which can be easily assessed at the time
of initial visit, in patients with testicular torsion, may serve as
predictors of scrotal exploration outcomes, potentially leading
to orchiectomy or the development of testicular atrophy. It
is thought that preoperative evaluation of these parameters
by the physician and the provision of information about the
potential outcomes of orchiectomy or testicular atrophy to the
patients and their relatives will facilitate a smoother and more
manageable postoperative process.
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Can Laparoscopic Adrenalectomy Be A Reliable Method for Adrenal
Masses Larger than 4 Cm?: Our Clinical Outcomes
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What’s known on the subject? and What does the study add?

Adrenal masses are now a common pathology in urology clinics, found incidentally or managed under endocrinological guidance.
Adrenalectomy is the preferred approach for masses larger than 4 cm in individuals where surgery is considered acceptable. The most crucial
factor in surgical selection is the experience of the surgeon. However, considering criteria such as hospital stay, intraoperative complications,
cost, postoperative pain, and wound infection, the gold standard in adrenalectomy is laparoscopic adrenalectomy. We hope that this study will
contribute to the literature by demonstrating the safe and effective use of laparoscopic adrenalectomy for large adrenal masses.

Abstract E T

Objective: The laparoscopic approach to large adrenal masses is becoming increasingly common. Our study aims to investigate the reliability and
effectiveness of adrenalectomy performed with laparoscopic surgery in adrenal masses larger than 4 cm.

Materials and Methods: Fifty-two patients who underwent transperitoneal laparoscopic adrenalectomy in our clinic between January 2014 and
July 2022 were evaluated retrospectively. Each patient's age, gender, hormonal activity status, tumor size and side, hospital stay, amount of bleeding,
operation time, complication rates (Clavian classification), pathology results, and surgical margin positivity were evaluated. Thirty patients with
tumor size over 4 cm and 22 patients under 4 cm were compared separately.

Results: There was no statistically significant difference between the two groups regarding hospital stay (p=0.11). When the operation time and
bleeding amount were compared, no statistically significant difference was found between these two groups (p=0.392, p=0.761; respectively).
Although slightly more complications were seen in patients with tumors smaller than 4 cm, no statistical difference was observed (p>0.05). Surgical
margin positivity was detected only in one of the patients with a tumor size of less than 4 cm, and this patient was reported to have adenoma. All
operations were completed laparoscopically. No complications occurred in Clavien class 3 or above in any of the patients.

Conclusion: Our study and experience unequivocally demonstrate that transperitoneal laparoscopic adrenalectomy is not only effective but also
remarkably safe for large (>4 cm) adrenal masses.

Keywords: Laparoscopy, adrenal, large mass

Introduction present with different clinical, laboratory, and radiological

features (1). Adrenal masses are hormonally active or inactive;
Adrenal masses are now a common pathology in urology clinics, oncologically, they can be benign or malignant. Asymptomatic
incidentally or under endocrinology's guidance. Recently, masses larger than 1 cm that are detected incidentally are
with the widespread use of radiological imaging, there has  called incidentalomas. These masses are generally benign.
been a significant increase in the incidence of adrenal masses. Its incidence is between 1.5% and 8.5% (2,3). Ten percent of

Adrenal masses require a detailed evaluation because they may  adrenal masses are hormonally active. Hormonally active masses
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are generally symptomatic. They can cause conditions such
as Conn syndrome, Cushing syndrome, pheochromocytoma,
hypercortisolism, hyperandrogenism, and hyperaldosteronism.
From an oncological perspective, 94% of adrenal masses are
benign. As the size of the mass increases, the possibility of
malignancy and hormonal activity also increases (1,4).

Adrenalectomy is recommended for masses that show
malignant characteristics on imaging or for hormonally active
masses. Masses that are under 4 cm and non-functional can be
monitored since the likelihood of malignancy is low. However,
masses larger than 6 cm should be considered malignant
and treated surgically. If there is no radiological evidence of
malignancy in adrenal tumors between 4-6 cm, follow-up
with intermittent imaging can be considered as an option.
However, adrenalectomy is still recommended for masses that
grow during follow-up. Adrenalectomy is a more recommended
approach for masses larger than 4 cm in individuals for whom
surgery is deemed appropriate, and the risk of anesthesia is not
high (3,5,6).

Adrenalectomy can be performed openly, laparoscopically, or
robotically. The most crucial factor in surgical selection is the
experience of the surgeon. However, considering criteria such as
hospital stay, intraoperative complications, cost, postoperative
pain, and wound infection, the gold standard in adrenalectomy
stands out as laparoscopic adrenalectomy (7).

While there continues to be uncertainty about which method is
more suitable for large masses, this study aimed to investigate
the safety and effectiveness of laparoscopic adrenalectomy in
adrenal masses >4 cm with respect to complications, operation
time, hospital stay, and bleeding volume.

Materials and Methods

Approval was received from the Diizce University Non-invasive
Health Research Ethics Committee on 06.09.2021 with decision
number 2021/184. A total of 52 patients who had undergone
transperitoneal laparoscopic adrenalectomy for the treatment
of an adrenal mass at the Diizce University Urology Clinic
between January 2014 and July 2022, were retrospectively
evaluated and included in the study. The study excluded patients
with incomplete observation files, those lost to follow-up, and
those who underwent retroperitoneal adrenalectomy, open
adrenalectomy, or adrenalectomy during radical nephrectomy.

The two groups, 30 patients with tumor size over 4 cm and 22
under 4 cm, were compared separately. In the endocrinological
evaluation, metanephrine, homovanillic acid, 5-hydroxy indole
acetic acid, vanillylmandelic acid, adrenaline, noradrenaline,
levels were measured in 24-hour urine. Dopamine levels,
aldosterone levels, adrenocorticotropic hormone levels,

cortisol levels, norepinephrine levels, and epinephrine levels,
and complete blood count were also measured with serum
tests. Each patient had abdominal computed tomography or
magnetic resonance imaging. Decisions about surgery for the
patients were made in a multidisciplinary council. Detailed
verbal and written consent was obtained from each patient
before surgery. In patients with diagnosed or suspected
pheochromocytoma, alpha-blocker (doxazosin 4 mg 2x1), and
beta-blocker (propranolol hydrochloride 40 mg 1x1), treatment
was started with the recommendation of the preoperative
endocrinology department. Intravenous fluid replacement was
performed before surgery. Ceftriaxone 1 g was administered for
prophylaxis before surgery.

All patients underwent laparoscopic adrenalectomy using the
transperitoneal method in the lateral decubitus position under
general anesthesia. The pneumoperitoneum was created with
the help of a Veres needle. A 10 mm trocar was placed 3 cm
lateral to the umbilicus. Two more trocars, measuring 5 mm and
10 mm, were placed to form a triangle in relation to each other.
In patients who underwent right adrenalectomy, an additional
5 mm trocar was placed for liver retraction. Adrenal vein control
was performed with the help of Hem-o-lock or metal clips. A
21f silicone drain was placed in the operation area after the
masses were removed with an endo bag.

Each patient's age, sex, hormonal activity status, tumor side
and size, hospital stay, amount of bleeding, operation time,
complication rates, pathology results, and surgical margin
status were recorded. Complications were evaluated with the
Clavien-Dindo classification (8).

Statistical Analysis

Statistical analyses were performed using SPSS (version
16). In comparison between groups, continuous variables
were evaluated using Mann-Whitney U test or Independent
Samples t-test, depending on the data distribution. Categorical
variables were examined with appropriate cross-tab statistics. A
comparison of qualitative variables was made using chi-square
and McNemar tests. The results were evaluated at the 95%
confidence interval, and the significance level was p<0.05.

Results

The demographic characteristics of the two groups and
operation-related data are summarized in Table 1. In the <4 cm
group, 17 patients had tumors on the right side, while 5 patients
had tumors on the left. In the >4 cm group, 4 patients had
tumors on the right side, and 26 patients had tumors on the left.
The average tumor size of the <4 cm group was 24.47 mm, and
that of the >4 cm group was 67.09 mm. The average ages of the
<4 cm group and >4 cm group were 57 and 53.2 years.
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Table 1. Demographic characteristics of patients and operation-related data
<4 cm group >4 cm group p-value
Number of patients 22 30
Age (years) 57 (29-68) 53.2 (39-79) p=0.731
Gender (female/male) 13/9 16/14
Side (right/left) 17/5 4/26
Hospitalization period (days) 3.63+1.25 (2-7) 4.35+1.61 (2-7) p=0.11
Tumor size (millimeters) 24.47+7.40 (12-35) 67.09+28.96 (41-140) p<0.05
Surgery time (minutes) 192.42+60.47 (60-285) 207.57+51.06 (122-315) p=0.392
Bleeding amount (mL) 75.78+45.03 (30-200) 80.43+53.04 (20-230) p=0.761
Hormonal activity (active/inactive) 19/3 17/13
Complications (none/clavian 1/clavian 2) 16/3/3 23/4/4 p>0.05
Surgical margin positivity (negative/positive) 211 30/0 p>0.05
14 Adrenocortical adenoma
3 Adrenocortical hyperplasia
20 Adrenocortical adenoma 4 Pheochromocytoma
1 Pheochromocytoma 3 Myelolipoma
Pathology result 1 Metastatic carcinoma 2 Adrenocortical carcinoma
1 Metastasic carcinoma
2 Pseudocyst
1 Adrenal endothelial cyst

The average hospitalization day was 3.63 days in the >4 cm group
and 4.35 days in the <4 cm group. There was no statistically
significant difference between these two groups (p=0.11). The
average operation time was 207.57 minutes in the >4 cm group
and 192.42 minutes in the <4 cm group. The difference between
these two groups was not statistically significant (p=0.392). The
average amount of bleeding was found to be 80.43 mL in the >4
cm group 75.78 mL in the <4 ¢cm group, and this difference was
not statistically significant (p=0.761).

In the <4 cm group, Clavien class 2 complications were observed
in 3 patients, and Clavien class 1 complications were observed
in 3 patients. In the >4 cm group, Clavien class 1 complications
were reported in 4 patients, and Clavien class 2 complications
were reported in 4 patients. However, no significant difference
was found between these two groups regarding complications
(p>0.05). No complications occurred in any of the patients with
Clavien 3 or higher.

As noted in the classification above, postoperative low saturation
was detected in 1 patient and improved with triflow exercise.
One patient received one unit of an erythrocyte suspension
transfusion. One patient was extubated postoperatively, and then
intubated again due to low saturation and taken to intensive
care, but later their saturation improved spontaneously. One
patient developed atrioventricular block during surgery, and
improved later. One patient had mild postoperative chest pain,
but no problem was detected in the examinations performed
afterwards, and it improved spontaneously. A few patients used
analgesics due to pain during their postoperative hospitalization.
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Hypertensive attacks were observed during the operation in two
cases diagnosed with pheochromocytoma. Both attacks occurred
during maneuvers applied to the adrenal tissue while releasing
the surrounding tissue. In one case with a diameter of 42 mm,
the session had to be interrupted three times for approximately
30 minutes each due to hypertensive attacks. Anesthesiologists
controlled hypertensive episodes intraoperatively.

In a patient with a 2 cm tumor, the pathology of which was
reported as adrenocortical adenoma surgical margin positivity
was detected. No positive surgical margins were detected in
any of the other 51 patients. All surgeries were completed
laparoscopically. In a follow-up of at least 2 years of patients,
with malignancy detected in their pathology, port site metastasis,
which is considered a feared complication in malignant adrenal
masses, was not detected in any patient. No intraoperative or
postoperative blood transfusion was performed in either group.

Discussion

Laparoscopic adrenalectomy is currently the preferred surgical
method for most patients with adrenal tumors. The laparoscopic
method has many advantages compared to open surgery, such
as fewer complications, less analgesic need, less blood loss,
earlier mobilization, quicker nutritional recovery of the patient,
and shorter hospital stay.

The size of the incision made to remove the tumor is proportional
to its size. The disadvantages of a large tumor diameter are
wound infection due to the lengthening of the incision, delay in
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wound healing, and a higher risk of incisional hernia. However,
no wound infection, evisceration, or incisional hernia was
detected in our patients during the 1-year follow-up. However,
because this incision will be much more prominent in open
surgery, laparoscopic surgery clearly reduces the incision size in
large masses (9).

It is stated that approximately 20-40 cases are needed to
complete the learning curve for laparoscopic adrenalectomy.
On the other hand, high volume surgeons are defined as those
who perform 6 or more cases of adrenalectomy per year (10).
While National Comprehensive Cancer Network recommends
the open method in adrenocortical carcinomas, regardless of
size, European Society of Endocrine Surgeons recommends
(weak recommendation) laparoscopic adrenalectomy only in
high-volume centers and high-volume surgeons in lesions with
suspected adrenocortical carcinoma under 6 cm and without
suspicion of invasion. However, adrenocortical cancer does
not contraindicate laparoscopic adrenalectomy. In our study,
no recurrence was detected in the 3-year follow-up of 2
patients with tumor sizes of 6.5 cm and 7 cm who underwent
laparoscopic adrenalectomy, and whose pathology was reported
as adrenocortical carcinoma (11,12).

The risk of port metastasis or local recurrence after
laparoscopic adrenalectomy in large masses with malignant
potential is not fully known, but port site metastasis has
rarely been reported. Port site metastases appear to be more
common in adrenalectomy performed for metastatic masses.
In the study conducted by Micali et al. (13), laparoscopic
adrenalectomy was performed on 330 patients, and port site
metastases were detected in 4 of these patients. Three of these
four metastases had metastatic adrenal masses with a primary
origin in another organ. In our study, no port site metastasis
was detected in at least a 2-year follow-up of a total of 4
patients diagnosed with adrenocortical carcinoma and with
metastatic masses.

The laparoscopic method is generally recommended for adrenal
masses under 4 to 5 cm in diameter. Open adrenalectomy is
recommended in patients with suspected or known invasion,
vein thrombus, or positive surgical margins. However, many
publications have shown that laparoscopic adrenalectomy is
a safe and effective method for large adrenal masses (>4-5
cm) (14-18). Novitsky et al. (19) reported in their study that
laparoscopic adrenalectomy for masses larger than 5 cm is
equally effective and safe for both right and left-located
tumors. However, it is also suggested that laparotomy may be
more effective in locally invasive tumors, and hand-assisted
laparoscopy may be considered (9). Although no complications
related to the incision site developed in our case series,
considering the incision required for specimen removal in

large masses (>10 cm), hand-assisted laparoscopy may also be
considered as an option in these patients.

Agrusa et al. (20) found that laparoscopic adrenalectomy
showed better surgical results compared to open adrenalectomy.
However, they stated that it is still controversial whether this
technique is safe and applicable for large adrenal masses due
to the increased risk of malignant lesions. The study argues
that laparoscopic adrenalectomy is safe and appropriate for
adrenal masses larger than 5-6 cm, but open surgery should be
considered in cases of suspected malignant invasion (20).

Young and Thompson (21) argued that the 3.6% conversion
rate to open surgery in laparoscopic adrenalectomy, means the
surgeon should be knowledgeable about open adrenalectomy
even if they use the laparoscopic method. Therefore, any
surgeon who performs laparoscopic adrenalectomy should also
be familiar with the open surgical approach. This will make the
surgery safer and more effective, and will allow the surgeon to
perform it more comfortably.

Study Limitations

The complication rates encountered in this study were lower in
both large and small masses compared to the literature. However,
more accurate comparisons can be made as the number of
patients increases. A limitation of our study is the small number
of cases. A larger number of patients would have increased the
sample size and therefore the reliability of the study.

Although many complications, such as injuries to the spleen,
pancreas, colon, duodenum, kidney, and vascular injuries, have
been reported in the literature, there was no organ injury or
significant vascular injury in any of our cases (16,17,22-26).
This situation suggests that surgeons who have completed
the learning curve can perform laparoscopic adrenalectomy
on large adrenal masses as safely and effectively as on small
adrenal masses.

It is important to acknowledge the limitations of our study.
Firstly, it was retrospective and conducted at a single center.
Secondly, the sample size was relatively small. Thirdly, the
follow-up period was less than three years.

Conclusion

Recently, there has been a trend towards minimally invasive
surgery, especially in urology. While open adrenalectomy was
previously performed, today the majority of adrenal surgeries
are performed laparoscopically or robotically. Considering the
cost of robotic surgery, laparoscopic adrenalectomy has an
essential place in adrenal gland surgery. Although there is an
opinion that laparoscopic adrenalectomy surgery would be
complicated in cases of large masses, our study found that the
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laparoscopic approach for masses larger than 4 cm and below
4 cm had similar effectiveness and surgical reliability results.
However, studies with more patients are needed to support this
reliability and effectiveness.
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What’s known on the subject? and What does the study add?

Ischemia-reperfusion injury (IRI) remains one of the primary risk factors contributing to adverse outcomes in kidney transplantation.
Combining adipose-derived mesenchymal stem cells and simvastatin enhances renal function after IRI, indicating synergy. Neutrophil
gelatinase-associated lipocalin was identified as a potential early biomarker for renal IRI.

A st aC T

Objective: Renal ischemia-reperfusion injury (IRI) is a major cause of acute kidney injury, negatively impacting short- and long-term kidney
transplantation results. No effective treatment is available to protect or treat IRl currently. We aimed to investigate the role of pre-injury oral
simvastatin and adipose tissue-derived mesenchymal stem cells (MSC) infusion, alone or in combination, to prevent and treat renal IR, and to
evaluate neutrophil gelatinase-associated lipocalin (NGAL) as an early biomarker for IRl in a rat model.

Materials and Methods: The study was conducted on adult male Wistar rats (n=75, 8-12 weeks old). Rats were divided into the following groups:
healthy group (H) (no surgery, no treatment); control (C) (lesion animals + no treatment); oral simvastatin + lesion animals (S); MSC infusion + lesion
animals (SC); MSC infusion + oral simvastatin + lesion animals [stem cells plus simvastatin (SC+S)]. Blood samples were collected at days 0, 15, and
30 for measurement of serum creatinine (Cr) and on day 1 for measurement of NGAL protein. The animals were followed up for 30 days, at which
time a histopathological analysis was performed.

Results: The model used was able to establish IRI, as NGAL levels were significantly higher in the interventional groups. Cr increased at 15 days and
returned to baseline, showing a pattern that was significant in the SC+S group. The combination of MSC and simvastatin resulted in lower renal
IRl morphologic scores.

Conclusion: The combination of pre-injury oral simvastatin and MSC infusion synergistically prevents experimental renal IRI.

Keywords: Basic science, reconstructive urology, transplantation and vascular surgery

Introduction renal transplantation and dialysis (1-3). A comparison of these

two substitutive therapies reveals the superiority of renal
Chronic kidney disease is a highly prevalent disease. Data from transplantation in terms of quality of life and other aspects (4).
the global database on donation and transplantation reveal However, renal transplantation promotes ischemic tissue injury,

a high rate of patients using replacement therapies such as  experienced by the organ during transplantation, the so-called
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renal ischemia-reperfusion injury (IRI). An inopportune injury
can jeopardize renal function during warm ischemia during
partial nephrectomy. Considering both circumstances renal
transplantation and partial nephrectomy to mitigate IRl are
essential (5-9).

For decades now, several clinical protocols and drugs have
been used with the aim of reducing renal tissue degradation.
Considering the post-transplant scenario, losses of implanted
grafts are occurring (2). Therefore, promising therapeutic
alternatives, such as stem cell (SC) therapies and anti-oxidative
stress drugs, are now being studied (6,10,11).

Mesenchymal stromal cells (MSC) are adult and multipotent cells
that can differentiate into mesodermal cell lines (12). These cells
have important properties such as the production and release of
anti-inflammatory and immunomodulatory molecules, growth
factors, and angiogenic factors (10). Their low immunogenicity
allows these cells to be widely used in research and allogeneic
transplants without the need for compatibility tests (13,14). The
use of MSC or their extracellular vesicles as a treatment for IRl
resulted in better renal function and faster recovery of renal
epithelial cells, decreased cellular apoptosis, and increased anti-
inflammatory cytokines, antioxidants, and renal-specific growth
factors in acute renal tubular necrosis (11,12,14-17).

Simvastatin, a  3-hydroxy-3-methylglutaryl ~ coenzyme
A inhibitor, was previously demonstrated to modulate
inflammation and oxidative stress in experimental models.
In addition to the known beneficial effects of simvastatin on
cholesterol reduction, recent studies have shown a potential
renoprotective effect during warm ischemia (18-20).

However, to date, studies investigating the combined use of
simvastatin and adipose tissue-derived mesenchymal stromal
cells (ADSCs) to prevent kidney damage have not been
performed. These therapies used synergistically led to beneficial
results in bone fracture recovery and ADSC growth acceleration
(21,22).

Therefore, our study aims to investigate the potential use of
simvastatin and ADSC in improving renal function when used
either alone or in combination, as a form of warm IRI treatment
in an experimental model. Additionally, we aim to evaluate
neutrophil gelatinase-associated lipocalin (NGAL) as an early
biomarker for IRI.

Materials and Methods

All procedures performed in this study involving human subjects
were in accordance with the ethical standards of the Research
Ethics Committee (approval number 31647514.7.0000.0020,
date: 09.06.2015 - Pontifical Catholic University of Puerto Rico
Ethics Committee) and with the 1964 Helsinki Declaration or
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comparable ethical standards. All procedures performed in this
study involving animals were in accordance with the ethical
standards of the Ethics Committee for Animal use PUC-PR
(approval number 0882, date: 05.06.2014 - Pontifical Catholic
University of Puerto Rico Ethics Committee).

ADSC samples were isolated from the liposuction of two healthy
human donors who agreed to participate in the study and signed
the informed consent form.

Animals

Adult male Wistar rats (Rattus norvegicus) were used (n=75)
with a mean age of 8-12 weeks and averaging 300 g of body
mass. The rats were housed in polypropylene cages measuring
41x34x16 cm, with four rats per cage. Temperature, humidity,
and light were controlled (18-21 °C, 55-65% relative humidity,
12-hour light-dark cycle). They had ad libitum access to
standard rodent feed (NUVITAL®, PR - Brazil) and water. The
bedding material, consisting of pine wood shavings (Inbrasfama,
PR - Brazil), was replaced daily. Prior to the commencement of
the experimental protocol, the animals underwent a ten-day
acclimatization period.

All efforts were made to minimize suffering while also minimizing
the number of animals used. Sixty animals underwent the
ischemia/reperfusion surgical procedure (as described below).
Rats were divided into six groups. The control group (group C,
n=15) underwent the surgical procedure but did not receive any
therapeutic intervention, as they were inoculated with a sterile
infusion of DMEM-F12 (Dulbecco's Modified Eagle Medium/
Nutrient Mixture F-12) culture medium (Gibco™ Invitrogen
Corporation, NY, USA) below the renal capsule. Additionally, a
group was used as a control, aiming to investigate the potential
use of the accuracy of NGAL as an IRl biomarker. A healthy group
(group H, n=15) was kept under the same conditions but was not
submitted to the surgical procedure or receive any treatments.
In the remaining three groups, the ischemia/reperfusion surgical
procedures were performed, along with simvastatin (Pharmacy
of Manipulation, Viaflora, Curitiba) and/or ADSC infusions, oral
simvastatin (S, n=15), ADSC infusion (SC, n=15), ADSC infusion
+ oral simvastatin (SC+S, n=15) (Figure 1).

Experimental Warm Renal

Procedure)

Dysfunction Model (Surgical

This experiment was designed to investigate whether
Simvastatin and ADSC, alone or in association, would prevent
renal degradation. After analgesia with morphine (DIMORF®,
Cristalia, SP - Brazil) 2.5 mg/kg and anesthesia with ketamine
(Ketamin®, Cristalia, SP-BR) 75 mg/kg combined with
xylazine (ANASEDAN®, Ceva, SP-BR) 10 mg/kg, the renal
I/R procedure was performed according to Cai et al. (23),
with modifications. Briefly, a xiphopubic incision was made,
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followed by moving away viscera and locating and dissecting
the right kidney. The right renal vascular pedicle and ureter
were ligated, and a right nephrectomy was performed. The left
kidney was then located and dissected. The left renal hilum was
clamped using a Bulldog clamp (Kent Scientific Corporation®,
CT, USA) for 60 minutes. After observing kidney reperfusion
for five minutes, the peritoneal cavity was reviewed, and the
abdominal wall was closed using a continuous suture.

Cell Isolation and Culture of Adipose-derived Mesenchymal
Stem Cells

A total of 200 mL of adipose tissue were obtained from donors
who underwent liposuction. ADSCs were isolated using the
enzymatic digestion method according to Rebelatto et al.
(24). Briefly, the adipose tissue was washed with phosphate-
buffered saline (PBS) (Gibco™ Invitrogen Corporation, NY, USA),
and the tissue was digested with collagenase type | (Gibco™
Invitrogen Corporation, NY, USA) at 37 °C for 30 minutes. The
material was subsequently filtered through a 100-pum filter (BD
FALCON™, BD Biosciences Discovery Labware, Belford, USA).
Next, a homemade red blood cell lysis buffer was used, followed
by another wash with PBS. The cells were cultured in 75 cm?
flasks with DMEM-F12 medium supplemented with 10% fetal
bovine serum, penicillin (100 units/mL), and streptomycin (100
ug/mL) (Gibco™ Invitrogen Corporation, NY, USA). The culture
medium was replaced twice a week. When the cultures reached
approximately 80-90% confluency, cells were dissociated using
0.25% trypsin/EDTA (Invitrogen, Auckland, NZ) and replated
(passage 1). When the optimal number of cells for transplantation
was reached, the cell viability test was performed using the

Adult male Wistar rats
8-12 weeks - 300g

0
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Ischemia / reperfusion
surgical procedure

No surgical
procedure
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Figure 1. Study design and schematic representation of the days before and
after the treatment until the end of the experiments
NGAL: Neutrophil gelatinase-associated lipocalin, ADSCs: Adipose tissue-derived

mesenchymal stromal cells, Cr: Creatinine, IHC: Immunohistochemistry, SC+S: Stem
cells plus simvastatin

vital dye 7-amino-actinomycin D (7-AAD) and Annexin-V (BD
Pharmingen®, Becton Dickinson and Company, NJ, USA).

Immunophenotypic analysis was performed by staining
5x10° ADSC cells. The cells were incubated with conjugated
monoclonal antibodies against the following antigens: CD90,
CD29, CD73,CD166, CD105, and CD34 (all PE-conjugated), CD29,
CD45 [peridinin chlorophyll protein (PerCP)-conjugated]; CD14
and CD19 (both fluorescein isothiocyanate isomer-conjugated);
and human leukocyte antigen-DR isotype (HLA-DR) (PerCP-
conjugated). All antibodies are from Becton Dickinson, San
Diego, CA, USA. The incubations were performed at room
temperature for 30 min. Isotype-identical antibodies served
as controls. After incubation, the cells were washed with PBS
and fixed with PBS containing 1% paraformaldehyde (Exodo
Cientifica/F09640S0, Sumare, SP, Brazil). The FACSCalibur flow
cytometer (Becton Dickinson, Franklin Lakes, NJ, USA) was used
for data acquisition, and FlowJo software (FlowJo, Ashland, OR,
USA) was used for flow cytometry analysis.

Treatments

The S, SC, and SC+S groups received simvastatin, ADSC infusion,
and both, respectively. Oral simvastatin (1 mg/kg/day) was
administered for 30 days through the gavage technique. ADSC
(1x108 cells/animal) were infused directly into the medial portion
of the renal capsule five minutes after organ reperfusion.

Biomarkers

Blood samples were obtained from jugular vein punctures at
days 0 (preoperative values) and after 15 and 30 for checking
serum creatinine (Cr) and on day 1, to check NGAL serum
concentration in order to demonstrate acute IRl. Serum NGAL
protein was measured by enzyme-linked immunosorbent assay
(ELISA) using Abcam's Rat Lipocalin-2 ELISA Kit (ab119602)
(Abcam®, Cambridge, UK), according to the manufacturer's
instructions. This experiment was designed to investigate NGAL
serum concentration as a biomarker for an experimental IRI
model (25,26). The absorbance was read with a 450 nm filter.

According to the manufacturer's instructions, Cr was quantified
to evaluate kidney function using the Laborclin serum Cr
detection kit (cat. #742071; Laborclin Laboratory Products LTDA,
Pinhais, PR, BR). The output was read in the semi-automated
biochemical analyzer, Quick Lab Drake (Drake®, Sdo José do Rio
Preto, SP, BR).

Renal Histopathology

At the end of 30 days, histochemical evaluations were
performed using hematoxylinfeosin (HE). Histological fixation
was properly performed, sections were made and stained with
HE and analyzed under light microscopy (Nikon/E100/Tokyo/
Japan). Histopathological analysis of renal tissue was performed
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according to the criteria described by Jablonski et al. (27) and
Kocak et al. (28). Because the glomeruli of the animals showed
no significant histopathological alterations, the renal damage
was characterized as tubular necrosis, following the score
described (Table 1).

Statistical Analysis

The quantitative variables are described as mean + standard
deviation, median + interquartile, andfor minimum and
maximum when appropriate. NGAL protein and Cr were
compared using the Kruskal-Wallis test. A non-parametric test
(Friedman test) was used to compare Cr concentration within
each group at time points 0, 15, and 30 days. The Kruskal-Wallis
was also applied to compare renal histopathology, followed
by Dunn's multiple comparison test. Statistical analysis was
performed using GraphPad Prism 5.0 (GraphPad Software, La

Jolla, CA, USA). Statistical significance was accepted at p<0.05.

Results

Serum NGAL Protein

We tested blood samples from the study groups, then compared
these to a healthy group (no surgery, no treatment). NGAL levels
were significantly higher in all interventional groups compared to
healthy rats (p<0.05). NGAL was also different in the comparisons
Healthy x other groups (p<0.05), Control vs. SC (p=0.003), and
SC vs. S (p=0.028) (Kruskal-Wallis non-parametric test). Figure 2
demonstrates NGAL concentrations 24 hours after surgery. The
study successfully demonstrated that NGAL serum concentration
was directly associated with acute IRI.

Histopathological Analysis

The combination SC+S group had a median histopathological
score of 2, indicating tissue injury confined to the renal cortex.
Control, S, and SC groups were classified with a median score
of 3. Score 3 indicates that the necrotic lesions of the tubular
cells extend to the renal medulla and are thus considered more
severe lesions. Group S (p>0.05) and SC (p>0.05), both with a
score of 3, failed to exhibit reduced renal tubular changes when
compared to the control. However, the combination SC+S group

Table 1. Classification of renal injury

Score Criteria

0 Normal histology

1 Necrosis of individual cells

9 Necrosis of adjacent cells of the proximal convoluted
tubules, confined to the renal cortex

3 Necrosis of the proximal tubules extending across the
cortex

4 Necrosis affecting all segments of proximal convoluted

tubules

Source: Adapted from Kocak et al. (28)
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showed a significant decrease in renal tubular damage with a
score of 2 (p<0.0001) (Figure 3).

In addition to tubular necrosis, persistent qualitative aspects
were observed, which involved the abnormal congestion of
tubular capillaries and the presence of an inflammatory process
(Figure 4).

Adipose Tissue-Derived Mesenchymal Stromal Cell Expansion
and Characterization

The 7-AAD assay (viability of 92.33%) and Annexin V assay
(apoptosis of 5.91%) results demonstrated that the cells were
viable. Visual observation under bright field microscopy showed
that cells had fibroblastic morphology and the capacity to adhere
to plastic (Figure 5A). Immunophenotypic characterization of
surface antigens from adipose tissue-derived MSCs exhibited
positive signals for CD29, CD73, CD90, CD105, and CD166 in
>950% of the cells, and negative or reduced (<2%) expression of
CD14,CD19, CD34, CD45, and HLA-DR (Figure 5B), in accordance
with the minimum criteria established by the International
Society for Cellular and Gene Therapy (29).

Serum Creatinine

The analysis showed nosignificant difference in Cr concentration
between the groups at baseline (day 0) (p=0.751). Control and S
groups showed elevated Cr on day 15. Such alteration persisted
until day 30 (p<0.05). However, considering both groups infused
with SC (group SC only and SC+S), a decrease in Cr was observed
on day 30 regardless of a negative Cr increase on day 15. The
observed improvement was statistically significant in the
combination (SC+S) group (p<0.05), where Cr levels returned
to baseline. Nevertheless, this improvement in Cr levels was not
significant in the SC group. These data are shown in Figure 6.
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Figure 2. Serum NGAL protein concentration in the groups: healthy (H),
control (C), S, SC and SC+S 24 hours after the ischemic process

NGAL: Neutrophil gelatinase-associated lipocalin, Min-max: Minimum-maximum,
SC+S: Stem cells plus simvastatin, S: Simvastatin, SC: Stem cells
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Figure 3. Renal histopathology in the groups: control (untreated animals), S,
SC and SC+S submitted to ischemia-reperfusion (p<0.0001). The combination
SC+S group showed a significant decrease in renal tubular damage compared
to the other groups studied

SC+S: Stem cells plus simvastatin, S: Simvastatin, SC: Stem cells

Figure 4. Qualitative histopathological aspects characteristic of tissue
lesions at 40x magnification are specifically demonstrated in images A, B,
and D. The histological technique used was hematoxylin/eosin. The C image
specifically demonstrates the points analyzed in the characterization of the
score of Jablonski et al. (27). Arrows indicate (A) mononuclear infiltrate,
(B) congestion of red blood cells in the capillaries, (C) areas of necrosis in
proximal convoluted tubules, such as vacuolization of epithelial cells, nuclear
degradation derived from cell death and intratubular material, and (D)
migration of inflammatory cells together with congestion of blood capillaries

Discussion

Renal injury related to ischemia and reperfusion is a consequence
of warm ischemia after arterial clamping during partial
nephrectomy or kidney transplantation. IRl is associated with
short- and long-term postoperative complications. Treatment
options to prevent or treat IRl are limited (6). In the current
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Figure 5. Adipose tissue-derived mesenchymal stem cells (MSCs) in culture
and immunophenotypic characterization at passage 3. A. Representative
fields showing the fibroblast-like morphology of the MSCs (magnification
50x, scale bars 500 pm). B. Representative flow cytometry analysis of cell
surface markers of MSCs. The isotype control is shown as a red line histogram

study, we show that a combination of ADSC and simvastatin
resulted in less histological injury as well as a significant
functional improvement in Cr levels in an IRl experimental
model.

It has been hypothesized that NGAL could be a biomarker for
[RI. Although not all studies have been consistent, there is a
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Figure 6. Serum creatinine concentration in the groups: control (untreated
animals), S, SC and SC+S

SC+S: Stem cells plus simvastatin, S: Simvastatin, SC: Stem cells

general trend towards the observed outcome (25,28,30). Our
results demonstrated a significant NGAL increase in all groups
subjected to acute IRl compared to healthy animals. This increase
in serum NGAL associated with renal damage was consistent
with the findings of Corbacioglu et al. (31) (year). Those authors
successfully differentiated acute from chronic renal injury using
serum NGAL. The NGAL responses, as an early biomarker of
acute renal injury, we reported here are promising, but further
studies involving this protein are needed. NGAL protein was not
followed. Therefore, we do not yet know if the infusion of SC
plus simvastatin directly into the renal capsule could generate
a faster IRl recovery.

Serum Cr level was used as a standard marker of renal function.
In our C and S groups, we observed a continuous increase in
Cr on day 1, day 15, up to 30 days after the IRI. These data
demonstrated that simvastatin alone has no therapeutic effect
on the S group. Considering both groups, SC and SC+S, after
an elevation in Cr on the 15" day compared with the baseline
level, a subsequent reduction was observed by the 30" day. An
initial reduction in glomerular filtration rate followed by an
improvement was suggested. This improvement was statistically
significant in the SC+S group. In this group, Cr at day 30 was
similar to baseline (median at baseline of 0.59 mg/dL, median
at 30 days of 0.65 mg/dL). Regardless of conflicting results, it
remains to be seen if simvastatin has a potential benefit on
renal function. Our findings demonstrate that simvastatin could
have a synergistic role in conjunction with MSC, as we do not
observe a significant reduction in Cr with ADSC infusion alone.

Particularly, there are no studies showing the beneficial effect
of the combination of simvastatin and MSC in the treatment of
renal injury. However, the beneficial effects of this combination
have been described in the recovery of bone fractures and the
acceleration of in vitro cell growth of SC extracted from dental
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pulp when exposed to simvastatin (22,32,33). Recently, Jang et
al. (34) observed the same synergistic effect of bone marrow-
derived MSC and simvastatin in treating induced hepatic fibrosis
in rats. Through secretion of cytokines and growth factors, MSCs
show immunomodulatory activity, inhibiting the activation
and proliferation of immune cells, such as T-cells, B-cells, and
natural killer cells, while promoting the induction of requlatory
T-cells, resulting in anti-inflammatory properties. Moreover,
MSCs possess the intrinsic capacity to migrate to injured tissues
and release paracrine factors that promote tissue regeneration
and reduce apoptosis (34). Simvastatin mitigates oxidative stress
by enhancing antioxidant enzyme activity and reducing the
production of reactive oxygen species. Additionally, it inhibits
the expression of pro-inflammatory cytokines and adhesion
molecules, improves endothelial function, and increases the
bioavailability of nitric oxide (33).

Regarding the histological analysis, de Matos et al. (35) showed
that cellular changes associated with inflammation, fibrosis, and
necrosis occurred in the tubular epithelium after the ischemic
procedure. In our study, we reported the distribution of tubular
lesions for quantitative analysis because the glomeruli were
intact. In consequence, tubular aspects characteristic of cell
necrosis was observed, such as cell atrophy and cell and nuclear
vacuolation, loss of the brush border of the epithelium of the
proximal convoluted tubules, and migration of the cell nucleus
and necrotic material to the center of the tubules.

Additionally, we found that the combination SC+S group
had a higher mean histopathological score. According to our
histological observations, repetitive events were frequent and
indicative of tissue damage, such as inflammatory infiltrate
and congestion of blood vessels with abnormal red blood cells,
consistent with what has been previously described (36). The
SC+S group was classified as having lesions confined to the cortex
which are considered milder lesions than the other groups. The
SC+S group underwent the same ischemic process as the other
study groups and obtained a lower score. We postulate that the
combined treatment effectively reduced tissue injury through
synergistic anti-inflammatory and antioxidant mechanisms,
which is consistent with our Cr data.

Study Limitations

In interpreting our results, we must acknowledge strengths and
limitations. A strength is undoubtedly the use of standardized
outcomes such as Cr and a histological Likert score. Secondly,
it was clear that NGAL serum levels are associated with IRl in
this experimental model and could represent a potential early
biomarker of IRl as previously proposed (24). Unfortunately,
several questions arose during our study. Firstly, we did not
follow NGAL or accurately investigate its role as a prognostic
factor for the recovery of renal function. Secondly, we have
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no insight on how the protective effects of simvastatin could
synergistically act with SC to promote a faster recovery of the
[RI. In light of these considerations, we suggest that future
studies clarify those issues.

Conclusion

Our findings indicate that the NGAL protein is associated
with renal injury induced by the renal ischemia/reperfusion
experimental model, suggesting it could be further explored as
an early biomarker of IRI. Furthermore, the combined pleiotropic
effects of simvastatin and the modulating inflammatory effects
of MSC may result in a cross-potentiation, leading to improved
renal function after IRI.
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What’s known on the subject? and What does the study add?

It is known that the risk of bladder tumour detection is higher in patients with benign prostatic obstruction (BPO). In this study, the effect of
BPO on the recurrence and progression of existing bladder cancer was investigated.

A DSt a C T

Objective: To investigate the effect of bladder outlet obstruction (BOO) on cancer recurrence and progression in patients with non-muscle invasive
bladder cancer (NMIBC).

Materials and Methods: A retrospective analysis was conducted on 256 male patients diagnosed with primary NMIBC at Kartal Dr. Liitfi Kirdar
City Hospital between 2010 and 2018. Patients were divided into two groups according to the presence of BOO (BOO group, n=123; control group,
n=133). Demographic and pathological data, as well as intravesical treatments, recurrence and progression status of both groups were recorded and
compared according to cystoscopy findings in five years of follow-up.

Results: Patients with BOO were older and had higher rates of comorbidities, larger prostate volumes, higher prostate-specific antigen levels, and
more frequent cystoscopic findings of trabeculation and diverticula (p<0.001). Initial pathology showed higher rates of T1 stage and high-grade
tumors in the BOO group (50% vs. 24%, p=0.003 and 42.6% vs. 21%, p=0.008, respectively). A multivariate logistic regression model indicated
that BOO was not an independent variable to predict any initial bladder cancer pathology, recurrence, or progression rate (p>0.05). The presence of
trabeculation in cystoscopy was found to be an independent predictor of the initial diagnosis of high-grade/carcinoma in situ urothelial carcinoma,
with an odds ratio of 4.62 (95% confidence interval, 1.3-17; p=0.021), following adjustment for potential confounding variables.

Conclusion: Findings of this study indicate that BOO does not affect disease recurrence or progression, nor does it affect the pathological features
of the tumour at the time of diagnosis. Conversely, increased bladder trabeculation resulting from BOO may be associated with a higher-grade
tumor at the time of initial diagnosis.

Keywords: Bladder cancer, bladder outlet obstruction, benign prostatic hyperplasia

Introduction (BOO) is a prevalent pathology among men of similar age

categories, typically resulting from conditions such as benign
Bladder cancer (BLCA) is one of the most prevalent cancers  prostatic hyperplasia (BPH). The prevalence of BPH is known to
worldwide, with an estimated increase in incidence of be 70-80% in men aged 70 and over (2). Although BPH and
approximately 30-40% over the past few decades, particularly ~ BLCA are distinct diseases with disparate pathophysiological
among men aged 64-75 years (1). Bladder outlet obstruction  j|terations, epidemiological profiles, and risk factors (3,4), it has
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been demonstrated that the incidence of BLCA in patients with
BOO is 20-30% higher than in those without BOO (5).

It is postulated that BOO plays a pivotal role in the pathogenesis
of BLCA, resulting in significant alterations to bladder
histology and physiology. BOO is associated with a number of
histological changes, including hypertrophy and hyperplasia
of the detrusor muscle, fibrosis, increased collagen deposition,
and chronic inflammation (6). These conditions may trigger
cancer development by causing cellular stress and DNA damage
(7). Additionally, increased intravesical pressure and high
poliovirus receptor (PVR) can trigger malignant transformation
by causing mechanical stress in bladder epithelial cells and
prolonged contact with carcinogenic substances (8). It has been
demonstrated that conditions that cause BOO, particularly
BPH, may increase the risk of BLCA by triggering increased
intravesical pressure (5). Nevertheless, there is evidence that
establishes a causal relationship between the two diseases. In
a mendelian randomization study by Du et al. (9), genetically
predicted BPH was associated with a higher risk of BLCA in all
histological subtypes. Similarly, many population-based cohort
studies have shown that lower urinary tract symptoms (LUTS)
or BOO is associated with a high incidence of BLCA (2,5,7,10-
12). However, few studies have investigated the effect of
LUTS or BOO on cancer recurrence or progression after local
treatment of BLCA (13). Important risk factors for recurrence
and progression of BLCA include tumor characteristics as well
as patient factors such as age, comorbidities, initial response,
and non-response to intravesical therapies (14). The objective
of this study was to examine the impact of BOO and associated
cystoscopic findings on the recurrence and progression of BLCA
over a five-year period.

Materials and Methods

Data Collection

A total of 256 male patients diagnosed with primary non-muscle
invasive bladder cancer (NMIBC) between 2010 and 2018, who
were followed for five years at the Urology Department of Kartal
Dr. Liitfi Kirdar City Hospital, were included in this study. Data on
the patients were reviewed retrospectively. Patients were divided
into two groups based on the presence of BOO (Group 1: BOO,
Group 2: Control). The inclusion criteria for the BOO group were
defined as the presence of an obstructive uroflowmetry test with
a voided volume over 150 cc and a maximum flow rate (MFR)
below 15 ml/s, or a MFR between 15-20 ml/s accompanied by
at least 6 months of a-blocker medication use, for the purposes
of this study. The control group consisted of patients with a
MFR of 20 mL/s or above. Patients who did not comply with the
BLCA clinical follow-up protocol, underwent surgery for BOO, in
the past or during the follow-up period, or had a uroflowmetric
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voiding volume below 150 mL were excluded from the study.
Accordingly, 123 patients were included in the BOO group and
133 in the control group, making a total of 256 patients included
in the study. The findings of the digital rectal examination (DRE)
were recorded in accordance with the grading system proposed
by Barnes et al. (15). Accordingly, prostate penetration of 1-2
cm into the rectum was classified as grade I, greater than 2 but
less than 3 cm as grade I, greater than 3 but less than 4 cm as
grade I, and greater than 4 cm as grade IV. The demographic
data, medical histories, prostate-specific antigen levels,
uroflowmetry values, cystoscopy findings, pathology results,
and intravesical treatments were documented. The recurrence
rate, time to recurrence, and progression during follow-up were
recorded and compared between the two groups. Patients who
underwent radical cystectomy/chemoradiotherapy due to MIBC
development or Bacillus Calmette-Guérin (BCG) non-response
or incomplete transurethral resection (TUR) were enrolled. The
follow-up data of these patients after this stage, were not
included in the study. Those who had at least one diverticulum
larger than 3 cm and/or extensive trabeculation according to
cystoscopy findings in the first or subsequent months were
enrolled.

Clinical Management and Follow-Up

Patients were treated according to the European Association
of Urology (EAU) guidelines for NMIBC (16). All patients
underwent initial imaging of the upper urinary tract with CT
urography or renal USG. After the initial transurethral resection
of bladder tumor (TURBT), resection was performed within 6
weeks in patients with the relevant indication (Re-TURBT). Early
intravesical chemotherapy (mitomycin-C) was administered to
eligible patients within the first 6 hours. Patients were stratified
according to EAU-NMIBC prognostic factor risk groups. The low-
risk group was typically followed without adjuvant intravesical
chemo/immunotherapy, while patients in the high-risk group
received at least one-year adjuvant intravesical BCG induction
cycle 2-4 weeks after re-TURBT. The intermediate-risk group
received either routine clinical follow-up or at least one six-
week course of adjuvant intravesical mitomycin-C.

Clinical follow-up after TURBT was performed with cystoscopy
and urine cytology every 6 months for the first 2 years and
annually thereafter in the low-risk group; in the intermediate-
and high-risk groups, follow-up was every 3 months for the
first 2 years, then every 6 months, and annually after the 5
year. Upper system imaging was performed every 1-2 years.
Recurrence and progression status were determined according
to the final histopathologic diagnosis obtained from repeat
TURBT or urinary tract biopsy during follow-up.

This study was approved by the Ethics Committee of Kartal Dr.
Lutfi Kirdar City Hospital (approval number: 2024/010.99/6/20,
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date: 26.07.2024). The study was conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice.

Statistical Analysis

Continuous variables were presented as median (interquartile
range), and categorical variables were presented as patient
numbers and percentages (%). The Mann-Whitney U test was
used for the comparison of continuous variables, while the chi-
square test or Fisher's exact test was used for the comparison of
categorical variables. Logistic regression analysis was performed
to evaluate the relationship between tumor aggressiveness
and BOO/cystoscopic parameters, adjusting for potential
confounding variables such as age and comorbidities. The
results were reported as odds ratios (OR) with 95% confidence
intervals (Cl). Statistical significance was considered at p<0.05,
and all analyses were conducted using Statistical Package for
the Social Sciences.

Results

Various clinical (Table 1) and pathological parameters (Table
2) were compared in patients with BLCA, categorized by the
presence or absence of BOO. Patients with BOO were older
than controls (69 vs. 61 years, p=0.001). Additionally, the
rate of comorbidities was higher in patients with BOO (1 or

2 comorbidities: 73% vs. 38%, p=0.001). DRE grading of BPH
showed higher grades in patients with BOO (grade 3: 52% vs.
8%, p=0.001). Prostate volume was also larger in patients with
BOO (45 cc vs. 25 cc, p=0.001). Total prostate-specific antigen
levels were higher in patients with BOO (2.1 ng/dL vs. 1 ng/dL,
p=0.001). According to uroflowmetry results, the MFR value was
lower in patients with BOO (11.7 mL/s vs. 24.5 mL/s, p=0.001).
Cystoscopy findings showed more frequent trabeculation
(63% vs. 5%, p=0.001) and diverticula (32% vs. 3%, p=0.001)
in patients with BOO. The use of a-blockers was also more
common in patients with BOO (50% vs. 2%, p=0.001) (Table 1).

Regarding cancer parameters, patients with BOO had higher
stage (T1: 50% vs. 24%, p=0.003) and more advanced grade
[high grade/carcinoma in situ (CIS): 42.6% vs. 21%, p=0.008]
tumors at initial diagnosis. Despite the median follow-up period
being 61 months for both groups, there were no statistically
significant differences between the groups in terms of follow-
up duration, number of recurrences, time to first recurrence,
recurrence rate, and initiation rate of intravesical therapy.
Although the progression rate was higher in patients with BOO,
the difference was not statistically significant (16.4% vs. 6%,
p=0.059) (Table 2).

Table 3 shows the relationship between tumor aggressiveness
and presence of BOO, trabeculations, and diverticula, which were
investigated in a multivariate logistic regression model, following

Table 1. Characteristics, findings related with voiding functions of the patients with bladder cancer and its subgroups according
to having bladder outlet obstruction or not

Total Control BOO

(n=256) (n=133) (n=123) P
Age (years) 65 (14) 61(12) 69 (12) 0.001
BMI (kg/m?) 25 (5) 25 (5) 24 (5.5) 0.76
Comorbidities, n (%)
None 93 (36%) 72 (549%) 21 (17%)
1or2 141 (55%) 51 (38%) 90 (73%) 0.001
3 or more 22 (9%) 10 (8%) 12 (10%)
Smoking status 178 (70%) 95 (72%) 83 (68%) 0.87
Digital rectal grading of BPH, n (%)
Grade 1 29 (11%) 26 (20%) 3 (2%)
Grade 2 132 (52%) 94 (71%) 38 (31%) 0.001
Grade 3 75 (29%) 11 (8%) 64 (52%)
Grade 4 20 (8%) 2 (2%) 18 (15%)
Prostate volume (cc) 32(22) 25 (10) 45 (26) 0.001
Total PSA (ng/dL) 1.4 (1.8) 1(0.8) 2.1(3) 0.001
MFR (mL/sn) in uroflowmetry 18.6 (9.9) 24.5(7.1) 11.7 (4.9) 0.001
Cystoscopy findings n (%)
Trabeculation 84 (33%) 6 (5%) 78 (63%) 0.001
Diverticule 43 (17%) 4 (3%) 39 (32%)
Usage of alfa blockers, n (%) 64 (25%) 3 (%2) 61 (50%) 0.001
Data are presented as median (interquartile range for continuous variables and number of patients (%) for categorical variables. P<0.05 is a significant diffences between the
groups, PSA: Prostate-specific antigen, BOO: Bladder outlet obstruction, BPH: Benign prostatic hyperplasia, BMI: Body mass index, MFR: Maximum flow rate
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adjustment for potential confounding variables, including age,
comorbidities, smoking status and tumor size and number of
tumors at first cystoscopy. The presence of trabeculation was
an independent predictor of tumor recurrence and the initial

diagnosis of high-grade/CIS urothelial carcinoma (OR 4.62; 95%
Cl, 1.3-17; p=0.021). The parameters related to bladder functions
could not be associated with the categories determining tumor

aggressiveness (p>0.05).

Table 2. A comparison of the findings in primary pathology and the recurrence and progression status in follow-up between the

groups

Control BOO

(n=133) (n=123) P
Cancer parameters at first diagnosis
Size (mm) 30 (20) 30 (20) 0.96
Number 2(3) 2(1) 0.1
Stage
Ta 101 (75%) 62 (509)
1K 32 (24%) 61 (50%) 0.003
Grade
Low grade 106 (79%) 70 (57.4%)
High grade/CIS 28 (21%) 52 (42.6%) 0.008
Cancer parameters at follow-up
Follow-up period (months) 61 (12) 61 (12) 0.79
No. recurrens 2.5 (3) 2(2) 0.09
Time to first recurrence (months) 12 (12) 12 (18) 0.29
Annual recurrens rate 0.33 (0.58) 0.40 (0.47) 0.11
Progression in stage, n (%) 8 (6%) 20 (16.4%) 0.059
Intravesical treatment
No 71 (53%) 64 (52%)
Mitomycin 22 (17%) 13 (10%) 0.441
BCG 40 (30%) 46 (38%)

Data are presented as median (interquartile range for continuous variables and number of patients (%) for categorical variables. P<0.05 is a significant diffences between the
groups, BOO: Bladder outlet obstruction, BCG: Bacillus Calmette-Guérin, CIS: Carcinoma in situ

Table 3. Relationship between tumor aggresiveness and bladder outlet obstruction and cystoscopic parameters via multivariate

logistic regression analysis

Bladder outlet obstruction Presence of trabeculation Presence of diverticule
No (n=133) Yes (n=123) No (n=172) Yes (n=84) No (n=212) Yes (n=44)
T1 stage at first diagnosis
No. pts (%) 32 (24%) 60 (49%) 50 (29%) 42 (50%) 73 (34%) 19 (45%)
Adjusted OR? (95% Cl) Reference 2.21 Reference 2.36 Reference 0.56
P-value 0.131 0.170 0.366
High grade/CIS at first diagnosis
No. pts (%) 28 (21%) 52 (43%) 39 (23%) 41 (48%) 63 (29%) 17 (41%)
Adjusted OR? (95% Cl) Reference 1.41 Reference 4.62 Reference 0.49
P-value 0.538 0.021 0.280
Recurrence rate more than 0.5/year
No. pts (%) 41 (30%) 42 (34%) 56 (33%) 27 (31%) 74 (35%) 9 (18%)
Adjusted OR? (95% Cl) Reference 1.25 Reference 1.44 Reference 0.25
P-value 0.67 0.56 0.054
Progression in stage
No. pts (%) 8 (6%) 20 (169%) 18 (119%) 10 (120%) 26 (120%) 2 (5%)
Adjusted OR? (95% CI) Reference 4.2 Reference 0.83 Reference 0.11
P-value 0.054 0.83 0.09

2: Adjustment for potential confounding variables, including age, comorbidities, smoking status and tumor size and count in first cystoscopy, OR: Odds ratio, Cl: Confidence

interval, CIS: Carcinoma in situ
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Discussion

The association between BOO/BPH and urologic cancers has
received increasing attention in recent years. The frequent co-
occurrence of these pathologies, especially in elderly males, has
stimulated studies to investigate the potential link between
them. Recently, a meta-analysis of observational studies was
published (12) that clarified the conflicting results regarding
the association between BPH and BLCA. Accordingly, BPH was
shown to increase the risk of BLCA. Upon examination of the
included studies, the most frequently cited mechanism is that
the elevated intravesical pressure observed in patients with BPH,
may result in lower urinary tract damage, prolonged exposure
to urinary carcinogens due to high residual urine, and potential
carcinogenesis (12,17). The only mendelian randomization study
investigating causality in this regard was published by Du et
al. (9). The results of this study indicated that BPH exhibited
a weak positive effect on the occurrence of BLCA (OR: 1.095,
950 Cl: p=0.003); however, no causal effect was identified for
BLCA on BPH. In contrast to the aforementioned studies, our
investigation focused on the presence of BOO and its effect
on response to treatment in patients with NMIBC. We sought
to determine whether BOO was associated with differences
in pathologic variables at diagnosis and/or influenced the
recurrence and progression of the disease over time.

In our study, we employed uroflowmetric evaluation (18),
which is regarded as one of the most efficacious non-invasive
tests for the diagnosis of BOO (8). The observation that the
prostate size of the patients included in the BOO group was
significantly higher indicates that BPH is a significant condition
affecting these patients. In a study by Ham et al. (19), men with
concurrent bladder urothelial carcinoma and BPH underwent
simultaneous TURBT and transurethral resection of the prostate
(TURP). It has been demonstrated that the recurrence of BLCA
can be reduced by the treatment of BPH, with a 60-month
recurrence-free probability of 52%, compared to 43%. However,
there was no significant difference in the progression rates. A
similar study corroborated this finding, demonstrating that in
men with BLCA and BPH/BOO, the 5-year recurrence rate was
lower in patients who had TURBT and TURP performed in the
same setting compared to TURBT alone (56% vs. 80%, p<0.01)
(20). Given that the methodology of these studies was based
on dependent groups, a comparison with our data would be
erroneous. If a urothelial tumor develops in the context of
elevated intravesical pressure and augmented carcinogen
exposure as a consequence of BOO, a reduction in the incidence
of recurrence or progression following BOO treatment may be
anticipated. Nevertheless, this issue continues to be a source of
debate since there are studies indicating that individuals who
have undergone surgical or medical treatment for BPH may be
at an elevated risk of developing cancer compared to those who

have not. Kang et al. (10) published a cohort study investigating
the risk of BLCA in 79,280 patients hospitalized with a diagnosis
of BPH. The findings indicate that BPH is not associated
with an increased risk of BLCA. However, among men who
underwent TURP, particularly those with other genitourinary
tract conditions (such as bladder stones or infections), the risk
of BLCA was elevated. The authors proposed that this is due
to chronic bladder inflammation caused by recurrent urinary
infection, high residual urine, or retention in treated patients
(21,22). To eliminate the confounding effect of prostate surgery
on BLCA and thereby more clearly demonstrate the effect of
BOO on recurrence and progression, we excluded these patients
from our study.

In their 2019 study, Lin et al. (2) observed that patients with
BOO exhibited higher stage and grade of primary BLCA. This
finding suggests that BOO may not only increase the risk of
BLCA but also affect tumor aggressiveness. Similarly, in our
study, the first pathology data following TURBT revealed that
both the T1 tumor and high-grade tumor rates were higher
in the BOO group. However, this patient group was older, had
more comorbidities, and had larger tumor sizes and higher
multifocality rates. It was unavoidable that these covariates
would have resulted in the development of more advanced-
stage disease. Consequently, we conducted a multivariate
regression analysis to ascertain whether BOO was a predictor of
grade and stage at the time of initial diagnosis of BLCA, which
failed to prove it as an independent variable.

The relationship between LUTS occurring after TURB and
BLCA recurrence was investigated in a study by Lunney et al.
(13). It was shown that moderate or severe LUTS (defined as
International Prostate Symptom Score >8) occurring within
30 days after TUR was an independent predictor for NMIBC
recurrence (OR: 19.1). However, from a different perspective,
there are no clear data in the literature on the effect of chronic
LUTS or BOO on BLCA recurrence. The data we obtained in
this study suggest that there is no association between BOO
and BLCA recurrence and progression. The limited number of
studies showing the effect of BOO on cancer recurrence and
progression increases the importance of this study in terms of
its contribution to the literature.

Bladder trabeculation is a phenomenon that develops in
patients with chronic increased intra-bladder pressure. It causes
bladder smooth muscle cell proliferation and hypertrophy,
which are followed by fibroproliferative changes in the bladder
wall (23). A similar mechanism, whereby the bladder mucosa
herniates through weak gaps in the muscular layer, is observed
in acquired diverticula (24). It is hypothesized that diverticula
and trabeculations, which are bladder structural disorders
diagnosed cystoscopically in the developmental stages of
the three-stage model of BOO-induced bladder remodeling
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(hypertrophy, compensation, and decompensation) (25), may
also play a role in the development of BLCA. According to our
hypothesis, these may have a detrimental effect on recurrence
and progression, or affect TURBT success by reducing wall
thickness and contributing to heterogeneity. Given the low
prevalence of diverticula in our study population, the statistical
reliability of our findings may be limited. However, multivariate
regression analysis of 84 patients revealed that the probability
of high-grade/CIS pathology being present at the time of
diagnosis was 4.6 times higher compared to patients without
any trabeculation. Nevertheless, our findings indicated that it
had no effect on recurrence and progression. In a multicentre
observational study investigating the association of detrusor
wall thickness (DWT) with BLCA (26); patients with DWT >2.5
mm were significantly older, had larger and more tumors and
experienced more prior NMIBC than patients with a DWT <2.5
mm. At univariate analysis, DWT >2.5 was a predictive risk factor
for cancer recurrence and progression: OR: 4.9 (95% Cl: 2.5-
9.5), p=0.001, and OR: 2.21 (95% Cl: 1.71-4.73), p=0.001. One of
the reasons for the discrepancy between the results of this study
and our own is that an increase in DWT does not necessarily
coincide with an increase in trabeculation. Trabeculations are
most prevalent in the decompensated stage, when bladder
contractility is reduced due to the presence of fibrosis (27). This
decline may negate the impact on progression and recurrence.
However, it is essential to recognise that further investigation
through histopathological or clinical urodynamic studies is
necessary to elucidate the intricate mechanisms at play. To the
best of our knowledge, this is the first study to investigate the
effect of the presence of trabeculation and diverticula on initial
pathology, as well as recurrence and progression.

Study Limitations

This study has several limitations. First, given the retrospective
design of the study, the lack of homogenization between
groups due to higher tumor grade and stage may have caused
bias through reverse causality, although multivariate analysis
was performed in men with NMIBC and concurrent BOO.
Furthermore, since we used MFR as the main inclusion criterion
for BOO, patients with underactive bladders were also likely
to be evaluated in the BOO group. In addition, we could not
investigate the effect of residual urine on BLCA recurrence and
progression because PVR data was incomplete. Finally, we could
not investigate the relationship between BOO subgroups and
urothelial carcinoma due to the limited number of patients in
our study population.

Conclusion

The existing literature has suggested the relationship between
BOO and BLCA through observational studies. However, the
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underlying pathophysiology remains unclear due to the limited
number of studies on causality. This study adds to the existing
literature by demonstrating the prevalence of BOO in BLCA
patients. It shows that BOO is not associated with the primary
stage of BLCA, nor is it linked to recurrence or progression.
However, bladder trabeculation may be associated with a higher
primary grade of BLCA. Further research is needed to evaluate
the long-term effects of BOO on BLCA development and
progression, with larger studies and longer follow-up periods.
Future studies should also focus on elucidating the molecular
mechanisms underlying this association.
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The Role of the Incontinence Severity Index in the Treatment of
Stress Urinary Incontinence
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What’s known on the subject? and What does the study add?

Urinary incontinence symptoms are quite common among women. It has a significant impact on quality of life and creates financial burdens
on both personal and social levels. Stress urinary incontinence (SUI) is considered the most common type of transurethral urinary incontinence,
especially in women of menopausal and reproductive age. Various quality of life questionnaires, such as the International Incontinence
Consultation Questionnaire, the incontinence severity index (ISI), and the Incontinence Impact Questionnaire, have been developed to assess
the impact of SUI on quality of life, but their results may vary. We believe that evaluating the effects of medical and surgical treatment of
SUI on the ISI will offer valuable insights in monitoring the diagnosis and treatment response.

A st C T

Objective: To evaluate the effects of medical and surgical treatment of stress urinary incontinence (SUI) on incontinence severity index (ISI).

Materials and Methods: In our study, 64 patients aged 30-60 years, who were admitted to our hospital with symptoms of SUI between 2018 and
2023, underwent medical or surgical treatment for SUI, and met the inclusion criteria, were included. Women included in the study were divided into
three groups: those who received medical treatment, those who underwent Burch colposuspension, and those who received tension-free obturator
tape (TOT).

Results: When ISI measurements were categorized between the groups in the pre-treatment period, it was found that the rate of patients with
slight and moderate SUI was significantly higher in the medical treatment group (p=0.018 and p=0.044, respectively). The rate of patients with
severe SUI was found to be significantly lower in the medical treatment group (p=0.032). When the groups were evaluated individually, the
post-treatment ISI score was found to be significantly lower than the pre-treatment ISI score in all groups (p<0.001). The difference between pre-
treatment and post-treatment ISI scores (AISI) was found to be significantly higher in the TOT group and Burch colposuspension group compared
to the medical treatment group (p<0.001).

Conclusion: ISI is useful in assessing the severity of incontinence in patients with SUI and the effectiveness of treatment after treatment. For ISI to
be widely used as an alternative, prospective use with a larger number of patients and longer follow-up periods is needed.

Keywords: TOT, Burch colposuspension, incontinence severity index, stress urinary incontinence

Introduction bladder pressure exceeds the pressure at which the urethra can

remain closed, and when intra-abdominal pressure is increased
Urinary incontinence symptoms are quite common among (e.g., coughing) (2). SUl'is considered the most common type of
women. |t has a significant impact on quality of life and creates  yrinary incontinence, especially in women of menopausal and
personal and social financial burdens. Urinary incontinence is reproductive age (3). The prevalence of SUI has a wide spectrum,

evaluated in two groups (1). Stress urinary incontinence (SUl)is  ranging from 4% to 35% in the literature. Although the clinical
defined as the involuntary loss of urine during situations where definition of SUI has been established by the International
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Continence Society, its epidemiologic definition remains
undefined, resulting in variable reported prevalence rates (4).

The occurrence and progression of SUI are associated with age,
overweight, diabetes, and obstetric trauma (5). In addition,
vaginal births, menopause, and hormone therapy are known
to affect functionality at the lower urethral level (6). The
multifactorial risk of SUI is evident, with different criteria
shown to have a very complex effect on its development (7-
9). Although urodynamic studies are useful in diagnosing SUI
and excluding detrusor overactivity, they are not routinely
recommended for all cases. They require expertise and have cost-
related disadvantages (10-13). In patients with uncomplicated
SUl, preoperative urodynamic evaluation has not been shown
to improve the outcome of continence surgery. However,
urodynamic testing provides additional information about lower
urinary tract function that can guide physicians in making the
right treatment choice (14,15).

Various quality of life questionnaires, such as the
International Incontinence Consultation Questionnaire score,
the incontinence severity index (ISI), and the Incontinence
Impact Questionnaire, have been developed to assess the
impact of SUI on quality of life, but their results may vary
(16-18). ISl is a simple questionnaire with only two questions
(frequency of urine leakage and its quantity). Its score is
calculated, and patients are categorized as having slight
(score 1-2), moderate (score 3-7), severe (score 8-9), and very
severe (score 12) SUI (19). Although there are approaches that
include treatment of mild-to-moderate SUI, lifestyle changes,
pelvic floor exercises, and duloxetine therapy, surgical
options are recommended as the gold standard of treatment,
with Burch colposuspension or tension-free vaginal tapes or
polypropylene tapes, including tension-free obturator tapes
(TOT) (20-23). In addition, rectus fascial slings are used in the
treatment of SUI (24). The aim of our study was to evaluate
the effects of medical and surgical treatment of SUI on ISI
scores.

Materials and Methods

This study was designed as a retrospective observational study.
The study was initiated after receiving ethics committee approval
(date: 09.10.2024, approval number: KA-24/338 - Baskent
University Rectorate Medicine and Health Sciences Research
Board) from the hospital. The study was designed according to
the Helsinki Declaration, and informed consent was obtained
from all patients.

In our study, 64 patients aged 30-60 years who were admitted
to our hospital with symptoms of SUI between 2018 and 2023,
who underwent medical or surgical treatment for SUI, and who
met the inclusion criteria were included. Women included in

the study were divided into three groups based on the type of
treatment received: medical treatment, Burch colposuspension,
and TOT. Patients in the medical treatment group were those
who did not opt for surgical options. Pre-treatment and post-
treatment ISI scores of all patients were compared. ISI scores
of all patients were compared between groups according
to treatment type. Women with urge urinary incontinence,
overactive bladder diagnosis, neurogenic bladder diagnosis,
other causes of incontinence, active urinary tract infection,
total uterovaginal prolapse, and malignancy were excluded
from the study.

Incontinence history, obstetric history, physical examination,
and gynecologic examination findings of all patients were
retrospectively reviewed from patient files. All patients
suspected of having stress incontinence were questioned about
their Bonney test results. ISI scores of all patients who were
diagnosed as having stress incontinence and therefore started
on medical treatment or underwent surgery were evaluated.

The ISI questionnaire seeks answers to two questions, asking
how often patients experience urinary incontinence and how
much urine they lose each time (19). In the ISI scoring, severity
levels are defined as mild, moderate, severe, and very severe
(19). ISI scoring was chosen because it is easy to apply and
positive results regarding its effectiveness have been reported in
previous studies. Inclusion criteria for the study were defined as
being aged 30-60 years, having SUI confirmed through clinical
examinations, Bonney tests, and voiding diaries. All patients
diagnosed as having SUI and requesting medical treatment were
advised to consume less fluids, lose weight, and do pelvic floor
exercises, along with taking 20 mg duloxetine daily. Patients
requesting surgery were subjected to Burch colposuspension or
TOT after detailed evaluations. Routine examination records of
all patients were reviewed at the end of the 3 month and the
6™ month. ISI scores of all patients at the end of the 6" month
were evaluated retrospectively from the hospital database for
each group.

Statistical Analysis

Statistical analysis was conducted using the SPSS 26.0 software
package, (IBM Inc., Chicago, IL, USA). Descriptive statistics
such as mean, standard deviation, and range values were
computed from continuous variables. The normality of the
data distribution was evaluated using the Kolmogorov-Smirnov
and the Shapiro-Wilk tests. For the variables that showed
approximately normal distribution, the independent Student's
t-test was used to compare mean values of two groups. For
the same group, pre- and post-values were compared using
the paired t-test. Fisher's exact and chi-square tests were used
in the categorical data analysis. To find correlations between
two variable parameters, Pearson's correlation coefficient was
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computed, and comparisons among subgroups were performed
using analysis of variance.

Results

The mean age of the women included in the study was 40.25+9.64
years, and the mean body mass index score was 25.1+4.46 kg/
m?. The mean parity of the women was 2.16+1.18, and the
mean gravidity was 2.81+1.34. Of the women included in the
study, 30 (46.8%) were smokers and 40 (62.5%) were university
graduates. No significant difference was found between the
groups in terms of demographic characteristics (Table 1).

When ISI measurements were categorized in the pre-treatment
period, it was found that the rate of patients with slight and
moderate SUI was significantly higher in the medical treatment
group (p=0.018 and p=0.044, respectively). The rate of patients
with severe SUI was found to be significantly lower in the
medical treatment group (p=0.032) (Table 2).

The overall pre-treatment ISI score of all participants was
7.78+2.86. The mean pre-treatment ISI score was 5.50+1.32 in
the medical treatment group, 9.04+1.88 in the TOT group, and
8.38+1.76 in the Burch colposuspension group, with the medical
treatment group having a significantly lower score (p<0.001). No
significant difference was observed between the pre-treatment
ISI scores of the TOT and Burch colposuspension groups
(p>0.05). The mean post-treatment ISI score was 2.11+0.78. The
mean post-treatment ISI score was 2.26+0.88 in the medical

treatment group, 2.09+0.76 in the TOT group, and 2.05+0.79 in
the Burch colposuspension group. No significant difference was
observed between the groups (p=0.68). When the groups were
evaluated within themselves, the post-treatment ISI score was
found to be significantly lower than the pre-treatment ISI score
in all groups (p<0.001). The difference between pre-treatment
and post-treatment ISI score (AISI) in the TOT group and Burch
colposuspension group was found to be significantly higher
than in the medical treatment group (p<0.001) (Table 3).

Discussion

In our study, ISI scores were evaluated before and after treatment
in different treatment modalities. A significant decrease in ISI
scores was observed in all treatment groups compared with
the pre-treatment period. However, when the patients in the
surgical group were evaluated among themselves, no significant
difference was found in terms of treatment response between
the surgical methods.

Although the ISI score also decreased significantly in the
medical treatment group in the post-treatment period, a more
limited decrease was observed in AlSI scores compared with
the surgical groups. The ISl scoring system is important in
evaluating the presence and severity of SUI before and after
treatment because it is very cost-effective and can be easily
performed even in small hospitals, unlike high-cost urodynamic
studies (12,13).

Table 1. Comparison of demographic characteristics of participants

All patients Medical treatment Tension-free obturator Burch colposuspension
(n=64) (n=22) tape (n=21) (n=21) p-value
Mean + standard deviation
Age (year) 40.25+9.64 40.1+9.76 39.95+9.52 40.42+9.68 0.78
Body mass index (kg/m?) 25.1+4.46 25.2+4.62 25.3+4.36 24.9+4.51 0.28
Gravidity 2.81+1.34 2.76+1.30 2.86+1.38 2.82+1.37 0.42
Parity 2.16+1.18 2.12+1.22 2.19+1.16 2.13+1.19 0.56
Smoking n (%) 30 (46.8%) 10 (45.4%) 11 (52.3%) 9 (42.8%) 0.18
Education n (%)
High school 24 (37.5%) 9 (40.9%) 8 (38%) 7 (33%) o1
University 40 (62.5%) 13 (59.1%) 13 (62%) 14 (67%)

Table 2. Evaluation of pre-treatment incontinence severity index scores according to groups in patients with stress urinary

incontinence

Incontinence severity index All patients Medical Tension-free obturator Burch colposuspension p-value
n (%) treatment n (%) tape n (%) n (%)

Slight (1-2) 2 (3.1%) 2 (9.1%) - - 0.018

Moderate (3-6) 18 (28.2%) 7 (31.9%) 5 (23.9%) 6 (28.6%) 0.044

Severe (8-9) 34 (53.19%) 10 (45.4%) 12 (57.1%) 12 (57.1%) 0.032

Very severe (12) 10 (15.6%) 3 (13.6%) 4 (19%) 3 (14.3%) 0.066
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Table 3. Comparison of incontinence severity index scores within and between groups
Pre-treatment incontinence Post-treatment incontinence AlSI
severity index score severity index score score p-value
Mean + standard deviation
All patients 7.78+2.86 2.11+0.78 5.67+1.33 <0.001
Medical treatment 5.50+1.32 2.26+0.88 2.24+0.84 <0.001
Tension-free obturator tape 9.04+1.88 2.09+0.76 6.95+1.54 <0.001
Burch colposuspension 8.38+1.76 2.05+0.79 6.33+1.46 <0.001
p-value <0.001 0.68 <0.001
ISI: Incontinence severity index

When all treatment modalities were evaluated in our study,
there were two (3.1%) patients in the slight group, 18 (28.2%)
patients in the moderate group, 34 (53.1%) patients in the severe
group, and 10 (15.6%) patients in the very severe group. In the
study conducted by Nygaard et al. (25), when ISI categories
were evaluated, 9.2% were observed in the slight group, 37.8%
in the moderate group, 64.6% in the severe group, and 85.3%
in the very severe group. In evaluations made using ISI in
women with SUI, mild incontinence was found at a rate of 64%,
moderate incontinence was 13.25%, and severe incontinence
was 22.75% (26). In the literature, a wide spectrum of results
has been revealed in ISI assessments used for the evaluation
of SUI. This difference in data may have occurred due to the
different demographic and obstetric histories of the patients
depending on the study inclusion criteria.

The review by Rodrigues-Amorim et al. (27) provided substantial
evidence supporting duloxetine in the treatment of SUL. In the
study conducted by Jost and Marsalek (28) duloxetine was
shown to be effective in reducing incontinence attacks and
improving quality of life in women with SUL. In our study, a
significant decrease in the severity of incontinence was found
in women with SUI who used duloxetine, consistent with the
literature. In addition, the positive results of the treatment were
clearly demonstrated in ISI evaluations, which was the main
criterion of our study.

In the study conducted by Frick et al. (29), a significant
improvement was found in ISI results in women who underwent
TOT surgery for SUI in the post-treatment period. Therefore, it
was stated that it could be preferred as the primary outcome
measure in the evaluation of SUI treatment. Ye et al. (30) showed
that Burch colposuspension was an effective procedure for
SUI and the therapeutic effect was largely maintained during
the long follow-up period. Similarly, in our study, significant
improvement in incontinence symptoms was found in patients
who underwent Burch colposuspension for SUI; the findings
were confirmed by ISI evaluations.

To our knowledge, our study is the first in the literature
to compare TOT surgery, Burch colposuspension surgery,

and medical treatment through ISI evaluations between
comparably sized patient populations. Surgery is generally
preferred for successful improvement of symptoms in
patients with moderate-to-severe SUI (3). Serati et al. (31)
stated that "the best surgery includes retropubic urethropexy
(Burch colposuspension) and pubovaginal slings". They were
dismissive of midurethral slings, saying that they played a
marginal and almost experimental role in the field However,
there are studies in the literature evaluating the effectiveness
of the Burch colposuspension and TOT operations, referring
to the positive aspects of both methods (32-35). In our
study, no significant difference was found in terms of the
effect of TOT and Burch colposuspension surgeries on ISI
measurements.

Study Limitations

The main limitation of our study is that it is retrospective,
and only the data from the 6™ month post-treatment of all
patients in the medical and surgical treatment groups are
available. Another limitation is that the data on the long-term
effectiveness of the treatment methods, both individually and
in comparison, with each other, have not yet been obtained.
The strength of our study is that it is one of the few studies
performing three different methods using equal numbers of
patients, evaluating ISI scores. The evaluation of the effect of
medical and surgical treatment on ISI can be considered another
strength.

Conclusion

ISl is useful in assessing the severity of incontinence in patients
with SUl and the effectiveness of treatment after SUI treatment.
Considering the cost and difficulties in the applicability of
urodynamic tests, prospective studies with larger patient
numbers and longer follow-up periods are needed for ISI to be
widely used as an alternative.
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What’s known on the subject? and What does the study add?

Urethral stricture is a disease characterized by fibrotic scar formation causing narrowing of the urethra, decreased urethral volume, and
failure of normal voiding function, and can frequently recur despite endoscopic or open surgical treatment. We administered pirfenidone,
colchicine, and corticosteroids orally to prevent proliferation, excessive fibrosis, and scarring during the healing process of urethral stricture.
This is the only study in the literature comparing three oral pharmacological agents with known anti-inflammatory and antifibrotic properties
to prevent recurrence of urethral stricture. As a result of clinical studies, we believe that the use of these agents before and after all
interventions for urethral stricture should be included in clinical practice.

A st a C T

Objective: To evaluate the effectiveness of oral use of drugs with anti-inflammatory and antifibrotic properties that are used in the treatment of
many diseases in clinical practice in rats with stenosis caused by urethral damage.

Materials and Methods: Forty male rats were equally divided into 5 groups. After anesthesia, penectomy was performed in group 1 without any
other procedure. Urethral stenosis was created in rats in the groups 2, 3, 4, and 5. The rats in group 2 underwent penectomy at the end of 6 weeks.
Groups 3, 4, and 5 were treated with colchicine, prednisolone, and pirfenidone, respectively by gavage for 6 weeks and underwent penectomy.
Inflammation, fibrosis, and urethral lumen area were evaluated histopathologically in urethral tissue or all animals.

Results: The urethral lumen area increased in group 4, although this incease was not statistically significant compared to group 2. In addition,
prednisolone lead to a significant decrease in the inflammation and fibrosis scores compared to group 2. We also found that there was a significant
decrease in inflammation and fibrosis scores and a significant increase in the urethral lumen area in groups 3,5 compared to group 2. Moreover, the
group 3 had a significant increase in matrix metalloproteinase-9 expression compared to group 2. Bone morphogenetic protein-2 expression was
increased especially in groups 3,5.

Conclusion: We concluded that oral administration of colchicine or pirfenidone prevented the formation of urethral stenosis in rats to a large
extent. The oral steroid treatment also reduced the formation of urethral stenosis, although not as effectively as colchicine or pirfenidone.

Keywords: Functional urology, pathology, reconstructive urology

Introduction and 3-4 cm for women. Since the urethra is much longer in men
than in women, urethral stricture is more commonly seen in
The urethra is a tube-shaped canal with two open ends that  men. It is a disease characterized by narrowing in the urethra,

allows urine, which is stored in the bladder, to be excreted from decreased urethral volume, and abnormal voiding function due
the body. The typical length of the urethra is 18-20 cm in men to fibrotic wound formation. Etiology of the disease usually
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includes trauma, infections, and previous surgical interventions.
Cellular changes in the extracellular matrix of the urethral
spongiosis tissue are involved in the pathogenesis of urethral
stricture (1). Here, the normal connective tissue is replaced by
dense fibers lined with fibroblasts. Histopathological studies
have shown a decrease in the ratio of collagen type Il to
collagen type | (1). This change is accompanied by a decrease in
the smooth muscle to collagen ratio and a marked increase in
nitric oxide synthesis in the constricted fibrotic region (2).

Male patients with symptomatic urethral stricture often present
to the outpatient clinic due to symptoms such as difficulty
urinating, inability to empty the bladder completely, and weak
urine flow. The location, size, and length of the urethral stricture
are important factors when considering various treatment
options. Treatment methods include endoscopic treatments
(urethral dilation, internal urethrotomy, injectable materials,
laser urethrotomy, and urethral stents) and open surgical
reconstructions  (urethroplasties, end-to-end anastomotic
urethroplasty, onlay free graft, and pedicle flap) (3). However,
in some cases, effective results cannot be obtained with these
methods, and the disease can recur. It is often emphasized that
healing the damaged tissue in urethral stricture would require
stopping the bleeding and properly balanced modelling that will
not cause infection, proliferation, excessive fibrosis, and scarring
(1-3). Therefore, anti-inflammatory agents or antifibrotics can
be used for the treatment of urethral stricture. The final feature
is progressive fibrosis resulting from extracellular matrix control
in which matrix metalloproteinase (MMP) is believed to play an
important role. In the evaluation of the antifibrotic and anti-
inflammatory effect, MMP-9, which is effective in inhibiting
granulation tissue formation, and bone morphogenetic protein
(BMP-2), which has an anti-fibrogenic function in multiple
organs, are also known to be active in this mechanism (4,5).
However, there are a limited number of studies about this
subject.

In this study, we aimed to evaluate the use, efficacy, and
advantages of drugs such as colchicine, corticosteroids, and
pirfenidone. These drugs are used in the treatment of many
diseases in clinical practice, due to their anti-inflammatory and
antifibrotic properties, in terms of non-recurrence of urethral
stricture.

Materials and Methods

Forty male Albino-Wistar rats (220-450 g) were used in
this study. All procedures were carried out in a room with a
constant temperature (22+2 °C) with a 12-hour light-dark
cycle. Institutional guidelines and the Guide for Care and Use
of Laboratory Animals of the National Research Council were
followed while handling the rats. All procedures were performed

in compliance with the provisions of the 1986 Strasbourg
Universal Declaration on Animal Welfare and by the approval
of the local ethics committee (approval number: HADYEK 23,
date: 15.01.2018 - Gaziosmanpasa University Rectorate Animal
Experiments Ethics Committee). The animals were divided into 5
groups with 8 animals in each group. A sharp tip device is made
by twisting the 21-gauge syringe needle approximately 1 mm
backward. The urethral stricture model was created by rotating
this device 360 degrees and back and forth in an approximately
2 cm section starting from about 0.5 cm proximal to the
urethral meatus towards the anterior urethral mucosa (Figure
1). The animals were anesthetized with 50 mg/kg IP ketamine
hydrochloride and 10 mg/kg IP xylazine. After the anesthesia
injection, group 1 underwent penectomy without any other
procedure. Urethral stricture was created in rats in groups
2, 3, 4, and 5. The rats in group 2 underwent penectomy at
the end of 6 weeks. Groups 3, 4, and 5 were treated with 1
mg/kg colchicine, 0.5 mg/kg prednisolone, and 50 mg/kg/day
pirfenidone, respectively by gavage for 6 weeks and underwent
penectomy at the end of 6 weeks (6-8). After all the procedures,
the animals were sacrificed by cervical dislocation under
ketamine, and xylazine anesthesia.

Histopathological Evaluation

Rats' penises were immediately put into a 4% buffered neutral
(pH: 7.2) formalin solution for 48 hours after being resected to
be fixed. Since it is known that there are bone and cartilage
pieces in some areas of the rat penis, the penises were postfixed
in decalcification solution with EDTA.

After the fixation process, the penises were divided into two right
from the midpoint in one move of a sharp scalpel. Afterwards,
the tissue was rinsed under running water, dehydrated with

Figure 1. a. Sharp tip tool created by twisting the 21 gauge syringe needle
approximately 1 mm back, b. Urethral meatus of rat, c. Creation of urethral
mucosal damage
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increasing alcohol concentrations (70%, 80%, 90%, 96%, and
100%) for 5 minutes each. Then the samples were cleared in
increasing xylene concentrations and were incubated in 3
different paraffin series at 60 °C. The samples were then buried
upright in a clean paraffin block. Serial consecutive sections of
5 um thickness were taken from the blocked tissue with a rotary
microtome (Leica RM2135, Germany). The penis tissue sections
were placed in poly-L-lysine slides and used for hematoxylin-
eosin staining, triple staining, and immunohistochemical
analysis.

Hematoxylin-Eosin Staining

The tissue sections of rat penile tissue fixed with formalin and
embedded in paraffin blocks were cut into 5 pm thick sections,
stained with hematoxylin for 10 minutes after deparaffinization
and rehydration procedures. Slides were rinsed in water for 5
minutes, and then immersed in acid alcohol and rinsed under
running water. After incubating for 3 minutes in eosin dye
solution, the slides were immersed in distilled water, which
was changed several times to remove excess dye. The sections
were then passed through the increasing concentrations of
alcohol (80%, 90%, 95%, and 100%). After incubating in xylene
(3x15 min), the sections were sealed with entellan drops and
covered with coverslips. Histological analyses of the prepared
hematoxylin, eosin-stained slides were done using a light
microscope (Nikon Eclipse 200; Nikon).

Triple Staining (Modified Masson Trichrome)

The paraffin from the penile tissue sections of 5 um thickness
was melted by incubating the sections in a 60°C oven, then
they were deparaffinized in a xylene series, and rehydrated
with decreasing concentrations of alcohol followed by distilled
water. The slides were incubated in Weigert's hematoxylin
solution for 10 minutes. Then, the slides were rinsed under
running tap water for 5 minutes and immersed in distilled
water. Next, the slides were dipped into acid fuchsin solution for
1 minute and then immersed in distilled water two times and
incubated in phosphotungstic acid solution for 10-15 minutes.
Soaked in phosphotungaustic acid solution. Tissue sections were
dipped in distilled water twice, soaked in aniline blue solution
for 1 minute, and then immersed in distilled water. Then, after
dipping through increasing concentrations of alcohol (80, 90,
96, and 100%) and 3 separate xylene series, the slides were
closed with entellan and covered with a coverslip, in preparation
for microscopic analysis.

Histopathologic Analysis

Histopathological evaluations were performed by a histologist
blinded to the study. Hematoxylin-eosin-stained preparations
were scored by semi-quantitative inflammation scoring criteria
after microscopic analyses (9). Modified Masson Trichrome-
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stained preparations were scored according to semi-quantitative
fibrosis scoring criteria (9). For both scoring procedures, the
weighted averages of the 8 sections from each animal and the 5
different areas in each section were scored under a microscope
with a 40x objective. The calculated mean inflammation and
fibrosis score values of each group were compared statistically.

Immunohistochemical Analysis

Five-pum-thick tissue sections were immunohistochemically
stained with BMP and MMP primary antibodies to detect
expression of BMP and MMP molecules. Immunohistochemical
staining procedures were carried out as follows: 5 um thin tissue
sections were incubated in a 60 °C oven, to melt the paraffin,
and sequentially passed through three different xylene series
for deparaffinization, followed by alcohol washes of decreasing
concentration (100%, 90%, 80%, and 70%) and rehydrated with
distilled water. After the microwave antigen retrieval treatment
in 10 mM citric acid, endogenous peroxidase blockade was
performed by incubating the slides in 3% hydrogen peroxide
(H,0,) solution for 10 minutes. The slides were washed with
phosphate buffer solution (PBS) three times for 5 minutes each,
and the perimeter was outlined with a hydrophobic pen (PAP
pen). The non-immune blocking serum was applied and the
slides were kept in a humid dark environment for 15 minutes.
After the blocking agent was removed, BMP and MMP primary
antibodies (1:100; Abcam, Cambridge, UK) were added to the
slides. The slides were incubated overnight in a closed humid
box at 4 °C. After 3 washes with PBS (5 min each), the slides
were incubated with biotinylated secondary antibody (goat
immunoglobulin G) in a humid, dark environment for 45 minutes
at room temperature. This was followed by three PBS washes
(5 min each), and secondary antibody (streptavidin-horseradish
peroxidase conjugated reagent) was applied, after which the
slides were incubated in a dark and humid environment for 30
minutes. After 3 PBS washes (5 min each), coloring was achieved
using aminoethyl carbazole chromogen solution. Following
contrast with hematoxylin, the sections were passed through
distilled water and were covered with a coverslip with a water-
based (aqueous mounting reagent) closure solution. For negative
control slides, PBS was used instead of primary antibody.

The immune staining intensities were analyzed based on the
staining intensity scoring criteria using a light microscope
(Nikon Eclipse 200; Nikon) at 40x magnification in the NIS-
Element program (Hasp ID: 6648AA61; Nikon) (10). For this
purpose, the immunostained and unstained areas of the urethra
were categorized based on the intensity of the staining reaction
in five sections for each protein, using immunohistochemistry.
The obtained weighted group average results were converted
to H-score values with the formula [ZPi (i + 1)]. In the formula,
represents the staining intensity score, while Pi is the percentage
of stained cells.
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Statistical Analysis

IBM SPSS 22 Windows statistical software was used for
statistical comparison of the results. The Kruskal-Wallis test
was used in the comparison of the groups' mean urethral lumen
area. The comparison of groups' means values of inflammation
scores, fibrosis scores, and immunohistochemical H scores was
conducted using one-way ANOVA, and multiple comparisons
were made with Tukey's HSD. A p-value of less than 0.05 was
considered significant.

Results

Histopathological Results
Histomorphometric (Urethral Lumen Area) Findings

The result of the analysis indicated that the urethral lumen area
of group 2 (G2) decreased significantly compared to control
(G1) and other groups (p=0.001). The results of the treatment
groups were calculated to be similar to the control (p=0.1420)
(Figure 2).

Inflammation Findings

The analyses of hematoxylin-eosin-stained preparations based
on inflammation scale criteria showed that the inflammation
score was significantly increased in the stricture-only group
(G2), while in the control group it was normal (p=0.001). The
inflammation scores of the treated groups were similar (p=0.19)
and higher than the control (p=0.01), but lower than the
stricture only group (G2) (Figure 3).

Fibrosis Findings

The histopathological analysis of triple stained slides showed
normal urethrae in G1. It was found that fibrosis score increased
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significantly in G2 compared to the control (G1) (p=0.001). In
treatment groups (G3, G4, G5), the score was significantly lower
compared to G2 (p=0.01), but significantly higher than the
control group (G1) (p<0.001) (Figure 4).

Immunohistochemical Findings

The immunohistochemical analyses showed that expression
of BMP-2 was significantly decreased in G2 compared to G1
(p=0.007). In treatment groups, especially in G3 and G5, there
was a significant increase in BMP-2 expression compared to G2
(p=0.03).

MMP-9 expression was similarly found to be decreased in G2
and increased in treatment groups (p=0.01). However, this
increase was not statistically different from G1 and G2 (p=0.11)
(Tables 1 and 2) (Figure 5).

Discussion

Urethral stricture is a complex pathology characterized by
the narrowing of the urethral lumen with varying depths and
lengths. Histopathologically, it manifests as spongiofibrous
tissue and scarring and can be seen in male patients at any age
(1). The prevalence of urethral stricture is between 0.6-1.4%,
and 15-20% of adult males have been reported to be affected
by this pathology at some time in their lives (11). Urethral
stricture occurs mostly as idiopathic, iatrogenic, inflammatory,
and, to a lesser extent, secondary to trauma (12). There are many
invasive treatment approaches for urethral stricture. Although
the success rates with treatment methods such as urethroplasty
are around 90% in the first year, it decreases to 60-70% by the
5" year (13). Failure of dilatations due to urethral stricture is
up to 80% (14). Yi et al. (15) evaluated 80 patients who had
undergone balloon dilatation for bulbomembranous stricture
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Figure 2. Screen shot from an example of urethral lumen area measurements and graphical view of the mean values of urethral lumen areas of the groups. *:

p<0.05 vs. others (Kruskal-Wallis Mann-Whitney test)
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Mean InfSk

G3
Groups

Figure 3. Representative hematoxylin eosin-stained urethra images from each group. Arrows indicate areas with inflammatory cell density. G1-G5, working
groups (Bar: 100 um); G is the values of inflammation scores group environment. Letters on the bars show statistical similarities and differences (b: p<0.05 vs.
G1, ¢: p<0.05 vs. G1 and G2 One-Way ANOVA, Tukey HSD)

Mean HistpSk

G3
Groups

Figure 4. Representative modified masson trichrome painted urethra images (Bar: 100 um) from each group. G1-G5, working groups; G fibrosis scores are group
mean values. The icons on the graphic bars show statistical similarities and differences (#: p<0.05 vs. G1, *: p<0.05 vs. G1 and G2 One-Way ANOVA, Tukey HSD)
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groups

Table 1. The mean Hsc values (+: SEM) of the immunohistochemical staining intensities of the BMP and MMP expressions of the

G1

G2

G3

G4

G5

BMP Hsc

117.71£9.34

72.71+8.4%

82.42+8.0%¢

77.84+£10.2%

89.58+7.1%¢

MMP Hsc

99.77+12.3°

74.65+11.5°

81.7243.2%

67.22+13.3*

72.59+8.6%

G1-G5 are working groups. Capital letters on values represent statistical similarities and differences for BMP, and small letters for MMP. BMP: Bone morphogenetic protein,
MMP: Matrix metalloproteinase, Hsc: H-score, SEM: Standard error of mean

Table 2. Mean values of urethra lumen area, inflammation score and fibrosis score of the study groups

G1

G2

G3

G4

G5

Urethra luminal area (um?)

112925,51+16575.8

62697,44+2310.7

109051,64+16019

94014,38+3120.1

112452,67+19090.1

Inflammation grade

0.33+0.02

2.03+0.11

1.16+0.11

1.42+0.05

1.1940.05

Fibrosis grade

0.54+0.03

1.77+0.07

0.89+0.06

1.19+0.06

0.93+0.08

A. Inflammation grading scale (6)

Grade - Amount of inflammation

0 - None

1 - Giant cells, occasional lymphocytes, and plasma cells
2 - Giant cells, plasma cells, eosinophils, neutrophils

3 - Many inflammatory cells, microabscesses

B. Fibrosis grading scale (7)
Grade - Amount of fibrosis
0 - None

1 - Minimal, loose

2 - Moderate

3 - Florid, dense

C. Criteria for grading immunohistochemical staining intensities (10)
Score - Immune reactivity

0+ / None staining

1+ [ Minimal staining

2+ [ Moderate staining

3+ [ Strong staining

BMP-2 61 R

G3 ) G4 G5

Figure 5. Representative images for top-line BMP-2 and low-order MMP-9 expressions from immunohistochemically stained preparations from each group

(Bar: 20 um, IHC-AEC)

BMP-2: Bone morphogenetic protein, MMP-9: Matrix Metalloproteinase, IHC: Immunohistochemistry, AEC: Amino ethyl carbochol

and observed that 33.8% of the patients redeveloped stricture
during the mean follow-up period of 8.4 months. Long-term
balloon dilatation success varies between 35 and 70%. Success
rates of a single session of optic urethrotomy are only 8%
(16). Other urethral surgeries are based on highly complicated
techniques and/or can result in higher rates of complications

(13,14). Urethral stricture is a disease that significantly impairs
quality of life due to lower urinary tract complaints, recurrent
infections, sexual dysfunction, and hematuria. Since it may
require many urological interventions, it is important to treat
urethral stricture with as minimally invasive methods as
possible.
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Studies on alternative methods, such as medical treatment
approaches or tissue engineering, aiming to increase success
in the treatment of urethral stricture are increasing. Recently,
some studies have suggested using steroids. It is known that
corticosteroid therapy, which can be used in the treatment of
urethral stricture, reduces collagen production (17). Yildirm et
al. (18) treated half of the 83-patient cohort, whose mean age
was 56.4 years, with 40 mg suburethral methyl prednisolone
during internal urethrotomy, and observed that stricture
recurred in 19 (46%) cases. They reported that the rate of
recurrence was significantly lower in the steroid group than
the control group. In a meta-analysis in which Zhang et al. (19)
examined 8 studies, the time until relapse was longer in 203
cases who underwent internal urethrotomy and steroid injection
than in patients that did not receive steroids. In the case-control
study involving 72 cases with bulbar urethral stricture, patients
were divided into two groups: those who received oral steroid
treatment (n=36, deflazocort 6 mg tablets) after urethrotomy
and those who did not (n=36) (20). At the end of the six
months on average, the maximum flow rates in the first and
second groups were determined as 18.2 mL/sec and 13.7 mlL/sec,
respectively, and recurrence of urethral stricture was lower in
those receiving steroid therapy (20). In many studies, except for
one, various steroids were given locally by invasive methods (17-
19). In our study, the urethral lumen area increased, although
not statistically significant, in the rats given oral prednisolone
treatment compared to the stricture-only group (G2). Moreover,
prednisolone treatment significantly decreased the inflammation
and fibrosis scores compared to the G2 group.

In urology, pirfenidone has been used for urethral stricture, for
reducing the effect of kidney damage, and in prostate cancer
cell cultures (21-23). Transforming growth factor (TGF)-beta
(B)1is known to stimulate fibroblast differentiation and increase
extracellular matrix production. Pirfenidone prevents fibrosis by
reducing the effect of TGF-1, and therefore is widely used in
the treatment of pulmonary fibrosis. In addition, pirfenidone
has been shown to inhibit cell proliferation and collagen |
synthesis in intestinal cells, and is effective in reducing fibrosis
in many organs (24). In a study conducted in rabbits with
urethral stricture, it was reported that catheters coated with
nanoparticle/pirfenidone complexes reduced urethral stricture
and fibrosis (21). In our study, we also found that there was a
significant decrease in inflammation and fibrosis scores, and a
significant increase in the urethral lumen area in rats treated
with pirfenidone compared to the stenosis-only group.

The use of antifibrotic agents appears to be a rational approach
in the treatment of urethral stricture. Colchicine is an alkaloid
chemically known as colchicinum-N-(5,5,7,-tetrahydro-1,2,3,-
tetramethoxy-9-oxobenzo [alpha] heptalen-7-yl) acetamide.
It has been used as an antifibrotic agent because it inhibits
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procollagen secretion and prevents its conversion into
collagen (25). It has also been used to reduce fibrosis in the
liver, lung, and kidney as well as serosal adhesions due to its
antifibrotic and anti-inflammatory effects (26,27). Colchicine
disrupts microtubule formation and binds to tubulin to inhibit
microtubule polymerization (28). In a retrospective study
evaluating 84 patients who received 1 g of oral colchicine
per day and underwent internal urethrotomy due to urethral
stricture, it was reported that the recurrence rate of urethral
stricture was significantly reduced (29). In our study, we also
found that there was a significant decrease in inflammation
and fibrosis scores and a significant increase in the urethral
lumen area in rats treated with oral colchicine compared to the
stricture-only group (G2).

The main features of urethral stricture include epithelial
damage, fibroblast proliferation, inflammation, and production
of increased extracellular matrix. The ultimate feature is
progressive fibrosis due to extracellular matrix deposition, in
which MMP is believed to play an important role (1). MMPs
are a group of proteinases known to requlate the remodeling
of the extracellular matrix and are therefore important in the
process of fibrosis and scarring that cause urethral stricture. A
drug called verapamil has been reported to prevent excessive
formation of urethral scars by inhibiting proliferation of
urethral scar fibroblasts and increasing MMP activity in human
cell culture (30). MMP-9 has been reported to be effective in
inhibiting granulation tissue formation caused by metallic stent
placement in the rat urethral model (4). In our study, MMP-9
expression was significantly increased in the group treated with
colchicine compared to the stricture-only group (G2).

TGF-B1 is a protein with a wide range of biological functions in
cell growth, differentiation, and extracellular matrix production.
TGF-B1 plays a supportive role in the development of fibrosis in
the kidney, lung, liver, and pancreas (31). Meanwhile, BMP-2 has
an anti-fibrogenic function in multiple organs. It antagonizes
TGF-B1-induced fibrogenic signals in renal fibroblasts and
is effective in the treatment of rat renal fibrosis caused by
unilateral ureteral obstruction (32). Wound healing in human
skin has been reported, to be partly through induction of BMP-2
(33). Similarly, in a study with mice, mutual regulation between
BMP-2 and TGF-f1 signal axes, has been reported to elucidate
the anti-fibrogenic mechanism of BMP-2 in the pathogenesis of
liver fibrosis (5). In our study, the increase of BMP-2 expression,
especially in G3 and G5, supports the notion of the antifibrotic
effect of colchicine and pirfenidone in immunohistochemistry.

Study Limitations

Since this study is an animal experiment, we cannot use methods
such as endoscopy, radiological imaging, or uroflowmetry in the
creation of urethral stricture or in the evaluation of healing.
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The sample size of the experimental groups is also one of the
limitations of the study. In addition, we cannot use the medical
treatments applied in the study before and after opening the
urethral stricture with the endoscopic methods in use at our
current urology clinic.

Conclusion

We concluded that oral administration of colchicine or
pirfenidone prevents the formation of urethral stricture to
a large extent, and that oral steroid treatment reduces this
formation, albeit not as effectively as colchicine or pirfenidone.
Colchicine reduced fibrosis via BMP and contributed to partial
urethral remodeling via MMP. Based on these findings, we
believe that using these agents before and after endoscopic
surgery or dilatation of the urethra in clinical practice following
necessary clinical studies.
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Abstract T

This video article presents tips and techniques for laparoscopic partial nephrectomy (LPN), emphasizing the importance of preoperative assessment
with advanced imaging techniques like 3-dimensional reconstruction. The transperitoneal approach, precise trocar placement, and intraoperative
ultrasound guidance are highlighted for optimal surgical outcomes. The role of renorrhaphy, with considerations for suturing techniques and
materials, is discussed, particularly focusing on nephron-sparing strategies. The benefits of minimizing warm ischemia time are reviewed alongside

the value of zero ischemia techniques. LPN remains a highly effective nephron-preserving procedure for managing small renal masses.

Keywords: Endourology, general urology, urooncology

Introduction

Partial nephrectomy (PN) should be recommended for
clinically stage T1 or "resectable” T2 tumors rather than radical
nephrectomy if technically feasible. Technical preference for PN
depends on the expertise of the surgeon (1). Laparoscopic and
robotic PN have shown comparable surgical margin status and
oncological outcomes relative to open surgery in appropriately
selected patients (2). Current data indicate that the advantages
of minimally invasive surgery are evident in the short-term
perioperative period and are comparable to open surgery during
intermediate and long-term assessments (3). In experienced
hands, laparoscopic partial nephrectomy (LPN) indeed works
as an effective nephron-preserving platform despite a more
difficult learning curve (4). In this video article, we aim to
present LPN's technical details and tips on all steps.

Preoperative Assessment

Comprehensive preoperative evaluation is essential for
optimizing outcomes and minimizing complications in patients
undergoing PN. High-resolution multiphasic contrast-enhanced
tomography or magnetic resonance imaging assesses the tumor's
location, size, and relationship to surrounding structures. The
tumor's proximity to the renal vasculature and collecting system
is crucial for surgical planning. 3D reconstruction techniques

enable patients to grasp organ structures' spatial and anatomical
relationships more effectively than conventional images.

Scoring systems such as the RENAL nephrometry score (5) aid
in assessing tumor complexity and assist surgeons in refining
nephron-sparing strategies during surgery and in preoperative
discussions with patients. The RENAL score also has significant
correlations with clinical outcomes, including longer warm
ischemia times, increased complications, more aggressive
pathological features, and higher tumor grades (6).

Positioning and Trocar Placement

We prefer the transperitoneal approach, which offers a larger
operative field and facilitates easier anatomical orientation. A
modified lateral decubitus position aids colon medialization,
allowing the intestines to naturally fall away from the kidney.
The pneumoperitoneum is established using a closed technique,
with the optical trocar typically inserted at the pararectal line or
umbilicus, depending on the patient's anatomical characteristics.
The remaining trocars are placed in a triangular configuration
based on the tumor's location, whether polar or central, and at
the upper or lower pole of the kidney.

Vascular and Perirenal Dissection

Following the medialization of the colon, duodenum, and
spleen, Gerota's fascia is incised next to the gonadal vein.
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After the ureter is identified and suspended, the fascia is
carefully dissected to the inferior margin of the renal vein.
The inferior pole is subsequently elevated to enhance visibility.
Mobilization is enhanced by liberating the plane between the
kidney and the adrenal gland. The renal vein and artery are
separately dissected and secured with silicone tapes. Dissection
is conducted cautiously due to vascular abnormalities and the
risk of perforating branches. We employ ultrasonic energy
devices, such as Thunderbeat®, for vascular and perirenal fat
dissection. Intraoperative ultrasonography is essential for
directing accurate parenchymal dissection, particularly in cases
with adherent perirenal fat (7), avoiding tumor capsule rupture,
and defining margins. Tumor margin scoring is performed using
hook cautery. The application of intraoperative ultrasound is
especially vital for executing PN in endophytic tumors.

Resection and Renorraphy

Recent literature demonstrates that the most important
determinant of functional outcomes after PN is the preservation
of vascularized renal parenchyma (8). Efforts to optimize this
parameter during tumor excision and reconstruction should be
prioritized as long as oncological outcomes are not compromised.
In short, preserving nephron mass is crucial for maintaining
kidney function. Resection, enucleoresection, and enucleation
are the three main resection techniques. The choice of technique
depends on the tumor's location, shape, relationship to the
collecting system and vessels, and the surgeon's experience. The
tumor's relationship with these anatomical structures plays a
critical role in selecting the surgical strategy and can directly
impact the surgical outcomes.

We primarily prefer enucleation, when technically feasible, to
maximize the preservation of normal renal parenchyma. The
concept of tumor enucleation (blunt excision of the tumor with
minimal margin during nephron-sparing surgery) was originally
developed in familial renal cell carcinoma (RCC) patients who
require multiple surgeries throughout their lifetime due to
multiple tumors to preserve as much renal parenchyma as
possible (9). This technique maximizes renal tissue preservation,
making it a suitable strategy for repeat surgeries. It was later
evaluated in the sporadic RCC population, and several studies
reported similar oncological outcomes compared to traditional
PN (10). In traditional PN, a deliberate margin of normal renal
parenchyma surrounding the tumor is excised, while enucleation
minimizes this margin. However, most studies comparing
enucleation and traditional PN have been retrospective, with
no standard pathological review applied. Additionally, the
selection of enucleation is often based on favorable imaging
characteristics such as homogeneity and encapsulation (11).
Enucleation involves blunt dissection along the tumor pseudo
capsule, a structure in many but not all renal cancers. When
present, the pseudo capsule may contain invasive cancer in
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up to one-third of cases, with its impact on prognosis being
unclear (12). Given these concerns, careful evaluation of tumor
growth patterns and its interface with normal parenchyma
through preoperative radiological imaging is necessary to assess
the feasibility of successful enucleation.

In PN, safe should be followed by quality
reconstruction. Renorrhaphy techniques during minimally
invasive PN have evolved for several reasons. In the early
LPN series, renorrhaphy focused on minimizing complications
through proper hemostasis and closure of the collecting system.
Today, "nephron-sparing renorrhaphy” aims to maximize the
volume of vascularized parenchyma preserved, thus ensuring
better long-term renal function. This approach prioritizes
bleeding control and preservation of the kidney's functional
tissue (13).

resection

Renorrhaphy can be performed in two layers (medullary and
cortical) or in a single layer. A systematic review evaluating
suturing techniques found no difference in complications
between single- and double-layer renorrhaphy but emphasized
that single-layer closure was more advantageous for preserving
kidney function (14). The same review found no significant
difference in complications between interrupted and
continuous suturing but reported that the duration of surgery
was longer in the interrupted suture group (14). We prefer a
double-layer running fashion; in medullar renorraphy, we prefer
monofilament sutures with a Hem-o-lok™ clip at the end. In
the cortical renorraphy, we use a 2/0 absorbable, braided suture
with a sliding clip technique (15).

In terms of suture material, both barbed and monofilament
sutures can be used for medullary renorrhaphy. While barbed
sutures shorten the duration of renorrhaphy, we prefer
monofilament sutures in complex masses to prevent tension and
tearing in the tissue. Monofilament sutures offer an advantage
in wide-based cases as they can be tightened from both ends.

The European Association of Urology guidelines recommend
limiting warm ischemia time to 20-25 minutes (1). Although
warm ischemia time is important, as previously mentioned,
complete tumor resection and renorrhaphy should be prioritized.
Zero ischemia (off-clamp) techniques may improve functional
outcomes, but they are not always feasible and may reduce the
surgical field visibility during PN (16).

In patients undergoing off-clamp PN, the long-term estimated
glomerular filtration rate was higher (mean difference =7 mlL/
min/1.73 m2) than those undergoing on-clamp PN. Meta-
analyses comparing ischemia techniques have shown that zero
ischemia is associated with higher positive surgical margin rates
(5.6% versus 3.8%, p<0.01) and local recurrence (3.1% versus
1.8%, p=0.13) compared to warm ischemia (17).
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Conclusion

Minimally invasive PN has proven to be a safe and effective
procedure for managing renal masses, offering similar
oncological outcomes to open surgery while preserving renal
function. Advances in laparoscopic and robotic techniques
and intraoperative imaging tools have further enhanced
surgical precision and outcomes. Preserving vascularized
renal parenchyma remains a critical factor in maintaining
long-term renal function. Continued focus on optimizing
surgical techniques, such as nephron-sparing renorrhaphy and
enucleation, will ensure that PN remains the gold standard in
nephron-sparing surgery for appropriate cases.
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Zinner Syndrome: A Rare Case Report
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A DSt a C T T

Over 200 cases of seminal vesicle cysts linked to ipsilateral renal agenesis have been reported in the literature, indicating Zinner syndrome. This
condition occurs when the ureteric buds fail to meet the metanephros, leading to cystic dilatation in the ipsilateral seminal vesicle along with
unilateral renal agenesis. Here, we are discussing a 17-year-old boy who presented with lower urinary tract symptoms predominantly flow symptoms,
was evaluated thoroughly, and robotic surgery was selected as the best minimally invasive treatment.

Keywords: Zinner syndrome, general urology, radiology, seminal vesicle cyst

Introduction

More than 200 cases of seminal vesicle cysts associated with
ipsilateral renal agenesis have been reported. These cases are
indicative of Zinner syndrome (ZS), a rare congenital condition
characterized by cystic seminal vesicles and ejaculatory duct
obstruction in association with ipsilateral renal agenesis (1).

Embryology

Due to inadequate migration, the ureteric bud emerging from
the proximal section of the Wolffian duct cannot join the
metanephros (1).

The inability of the ureteric buds to migrate from the
mesonephric duct is the underlying reason for the failure to
meet metanephros. As a result, cystic dilatation develops in the
ipsilateral seminal vesicle due to ejaculatory duct blockage and
ipsilateral renal agenesis caused by the failure of metanephric
blastoma to differentiate (2).

Case Presentation

A 17-year-old boy presented with chief complaints of voiding
lower urinary tract symptoms for 3 months. Local examination
of the genitalia and abdomen was normal, and the digital rectal
examination (DRE) was also normal.

Ultrasound revealed left atrophic kidney (5 cm), left dilated
ureter, and the remaining anatomy was normal.

Computed tomography (CT) scan abdomen findings are depicted
in Figures 1, 2 and 3. Semen analysis revealed oligospermia. All
blood tests were normal.

Patients and relatives were counseled regarding left

nephroureterectomy with cystic lesion excision robotically.

Materials and Methods

Surgery (Voice Over Included with Video)

Initially in the lithotomy position, cytoscopy showed normal
urethra, right ureteric orifice normal, left ureteric orifice could
not be localized, left poster-lateral bladder wall bulging toward
the lumen, possibly due to extraluminal compression by the
cystic structure. The bladder mucosa was normal.

Position changed to right lateral position: atrophic kidney
dissected with vasculature clipped and cut, and ureter dissected
until bladder.

Position changed to Lithotomy with head low position-the
ureter was found to be ending in the left cystic structure,
possibly the left seminal vesicle, dissected and cut at the base.
An abdominal drain was placed. Specimens were retrieved in
bags by Pfannenstiel incision. The postoperative period was
uneventful.
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Figure 1. Non-functional left kidney

Figure 2. Atrophic left kidney with dilated ureter opening in the cystic leaves
seminal vesicle

) )

Figure 3. Left seminal vesicles could not be identified separately from the
cystic structure

Discussion

Zinner's syndrome is a rare congenital disease characterized by
the association of ipsilateral renal agenesis or dysplasia, ectopic
uretera, and ipsilateral seminal vesicle cysts, first described by
Zinner in 1914 (3).

It is thought that Mayer-Rokitansky-Kiister-Hauser syndrome
affects females and ZS affects males. An ectopic ureter may
develop when the ureteric bud emerges distally from the
urogenital sinus. It might empty into the seminal vesicle cyst,
vas deferens, ejaculatory duct, or bladder neck. Seminal vesicles
and dilated tubules may become cysts as a result of ejaculatory
duct occlusion (2).

Therefore, aberrant ureteric bud development is a cause of ZS.
Abdominal pain, fullness, and micturition-related symptoms,
such as dysuria, hematuria, urgency, and obstructed urination
are typical presenting features. Signs become more noticeable
during peak sexual or reproductive activity, particularly in the
second and third decades (4), although they can sometimes
appear without symptoms (2).

The ipsilateral ureter and kidney are confirmed to be absent on
CT urogram, but the origin of the cyst is typically not confirmed.
The best method is magnetic resonance imaging, which also
allows analysis of the cyst contents, which are typically pure
liquid and appear hypointense on T1 and hyperintense on T2 (5).
DRE may or may not reveal a clinically significant finding. In our
case, there was no clinically aberrant finding however (6) had
shown a cystic mass palpable per rectally.

Clinical assessment determines how ZS should be managed (3).
The patient's symptoms, cyst size, and presence of comorbidities
all influence how the patient is managed. It is possible to use
observation management in patients who are asymptomatic or
have minimal symptoms (6). For patients with minor symptoms,
conservative treatment with antibiotics, transurethral needle
aspiration of the cyst, or transurethral aspiration combined with
substance instillation (alcohol and minocycline) is appropriate
(7). Despite being simple to perform, conservative transrectal
aspiration carries a significant risk of infection and recurrence; if
it proves fruitless, it should not be repeated (6). The cornerstone
of treatment for symptomatic patients is surgery (2). The
condition can be treated surgically using an open, laparoscopic,
or robotic technique.

The advantages of a robotic approach over conventional
laparoscopy include the ability to manipulate instruments
more easily in a small working space and to move with greater
precision and degrees of freedom. This allows the calibrated use
of thermal energy, which lowers the risk of blood loss and nerve
injury. Because seminal vesicles are located deep in the pelvis,
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better vision with higher magnification and three-dimensional
imaging is key to vesiculectomy (3).

Given its positive outcomes, robotic surgery can be regarded as
the gold standard for surgical therapy in these patients (3). The
surgeon can simultaneously manage the upper and lower which
significantly lowers the morbidity associated with making two
separate incisions (3).

Prolonged follow-up is required because seminal vesicle diseases
are prone to recurrence due to potential coexisting ejaculatory
duct abnormalities or its development following surgery.
Because of this, transurethral resection of the ejaculatory duct
should be taken into consideration (8).

Conclusion

This case presents an adult seminal vesicle cyst, renal dysplasia
linked to an ipsilateral incomplete duplicated ectopic ureter,
and an uncommon congenital defect of the genitourinary tract.
With good surgical and cosmetic outcomes, the robotic-assisted
laparoscopic approach was selected as the best minimally
invasive method for treating this patient's unusual congenital
cystic malformation.
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Informed Consent: Written informed consent was obtained
from the patient and parents regarding the surgery and
publication of information on this case in scientific meetings/
journals.
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Ureterocele in Adults: A Case Study and Review of Clinical
Presentations and Management Options
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A b st a C T

Ureterocele is a cystic dilatation of the distal ureter and is a rare cause of urinary tract obstruction. It is commonly found in infants and young
children and is more prevalent in females than in males. This report presents the case of a 59-year-old woman who suffered right flank pain and

was diagnosed with ureterocele. The patient was treated with endoscopic surgery and unroofing of the ureterocele.

Keywords: Ureterocele, flank pain, unroofing ureterocele

Introduction

Ureterocele is a cystic dilatation of the submucosal distal
ureter and is an uncommon cause of urinary tract obstruction.
Ureterocele occurs more frequently in infants and early children
than in adults and teenagers, and it affects females more
frequently than males (1,2). The prevalence rate of ureterocele
is 1 per 4000 children, with the prevalence being 4 times higher
in females where the left side is slightly dominant and 10% of
the cases are bilateral (3,4).

The common symptoms of ureterocele range from incontinence,
recurrent urinary tract infections (UTIs), failure to thrive,
urinary tract calculus, and irregular flank pain. Without proper
early diagnosis and treatment during childhood, ureterocele
could present along with secondary complications such as
pyonephrosis, urosepsis, stones, urinary retention, or chronic
renal failure. Hence, an individualized treatment is needed for
ureterocele patients (5). Ureterocele incisions, open technique,
endoscopic therapy, and transurethral diathermy incision are
among the available therapeutic methods that have produced
positive results (6). Endoscopic surgery and unroofing can be
performed to relieve obstruction and prevent complications
such as UTIs and renal damage (7,8).

Ureteroceles are classified on the basis of their location
and association with other anatomical abnormalities. The
classification system of the American Academy of Pediatrics

is commonly used, where the uretroceles are classified into
intravesical ureteroceles (occur at the normal vesicoureteric
junction position, bilateral and occur mostly in adults) and
extravesical ureteroceles (occur abnormally low and medial,
close to the bladder neck or urethra, predominantly associated
with a duplex kidney) (9). The latter type might result in blockage
of the entire renal tract due to prolapse into the bladder (10-12).
In 1954, Ericsson classified ureterocele as (1) simple ureterocele,
in which the orifice is located on the trigone, and (2) ectopic
ureterocele, in which the orifice is located at the bladder neck
or posterior urethra (13,14). Furthermore, Bruéziére classified
ureterocele intothe following: 1) type A, intravesical ureterocele
on a single ureter; 2) type B, ectopic ureterocele on a single
ureter; 3) type C, intravesical ureterocele on pyeloureteral
duplicity; and 4) type D, ectopic ureterocele on pyeloureteral
duplicity (15).

Understanding the different types and classifications of
ureteroceles is important for accurate diagnosis and appropriate
management. This case report highlights the uncommon
occurrence of ureterocele in adults. Despite the absence
of urinary issues, the study underscores the significance of
considering ureterocele as a potential urinary tract blockage
in adult patients presenting with flank pain. In addition, with
various symptoms and presentations of ureterocele, this case
could be used as a perspective of a case with a single symptom
of right flank pain in adults.
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Case Presentation

We present the case of a 59-year-old woman who presented with
right flank pain and was diagnosed with ureterocele. Laboratory
investigation showed normal results. To test the condition of
this woman, computed tomography (CT) intravenous pyelogram
(IVP) was performed and showed dilatation of the right distal
ureter or ureterovesical junction suggestively as ureterocele,
as shown in Figure 1 and Figure 2. After diagnosis, the patient
underwent endoscopic surgery and unroofing of the ureterocele.
The patient had no complaints during the postoperative control
session.

Treatment options for ureterocele include upper pole
partial nephrectomy, endoscopic incision, complete bladder
reconstruction, and non-operative (conservative) treatment
(16). The choice of treatment should be individualized for each
case.

Discussion

Ureteroceles depicts a particular clinical challenge in terms of
diagnosis and management because of the various types and

presentations; hence, the treatment has to be customized based
on the individual needs of each case. With various types and
presentations, the cause of ureterocele remains controversial.
There are two arguments regarding the etiology of ureterocele:
one is congenital and the other is an acquired lesion. The
congenital argument is supported by more evidence than the
acquired argument (17).

One of the widely accepted theories regarding the pathogenesis
of ureterocele is the regression failure of the Chwalla
membrane, a membrane between the urogenital sinus and
the developing ureteral bud. Chwalla proposed the etiology of
ureterocele, where the development of ureterocele is caused
by the obstruction of a membrane closing the mouth of the
ureter in the embryo. However, this does not justify the stenotic
case of ureterocele because it does not clarify the presence of
a patulous ureteric orifice in the urethra (13). Considering that
ureteroceles in duplex systems only affect the upper bud and
not the lower bud, the etiology foundation of uretroceles is
correlated to their location on the mesonephric duct (Wolffian
duct) (18). A previous study stated that ureterocele is caused
by malformation of the ureteral and urogenital sinus (19). On
the other hand, acquired ureterocele is hypothesized by an

Figure 1. CT-IVP imaging
CT-IVP: Computed tomography intravenous pyelogram
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Figure 2. Endoscopic imaging showed an ureterocele on the right UVJ

UVJ: Ureterovesical junction
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increase in intramural pressure and mucosal herniation of the
ureter, which is caused by a sequel of distal obstruction such as
calculus (20).

The diagnosis of ureterocele in pediatric patients can be
made through imaging studies such as ultrasound, voiding
cystourethrography, or IVP. Treatment options for ureterocele
in pediatric patients depend on the severity of symptoms and
the presence of complications. Conservative management
may be considered for asymptomatic cases, whereas surgical
intervention, such as endoscopic incision or complete
reconstruction at the bladder level, may be necessary for
symptomatic cases or those with complications.

The management of ureterocele is varied. The management
option is based on the patient's presentation, age, ureterocele
type, presence of contagion or infection, stones, and duplex
kidney (5). Operative treatment options for ureteroceles
include incision, multiple punctures, unroofing, and resection
(21). Endoscopic procedure as a minimally invasive approach
provides early decompression for ureterocele patients (22). A
previous study stated that minimally invasive procedures have
been proven to be safe, effective, and successfully managed in
ureteroceles patients (5,21-27).

While previous studies found that minimally invasive surgery
is considered successful without recurrent symptoms, other
studies found that some cases of ureteroceles need secondary
surgery after minimally invasive procedures (24,27,28).
Minimally invasive procedures, such as endoscopic incision, are
not considered a definitive management for ectopic ureterocele
patients with duplex systems and preoperative reflux (26).
Nevertheless, experts agree that the management of uretroceles
aims to prevent UTls, relieve the blockage of renal parenchyma,
prevent and treat VUR, and minimize surgical procedures and
morbidity (13).

In this case, the patient underwent endoscopic surgery and
unroofing of the ureterocele. Endoscopic incision is a minimally
invasive surgery that requires making a minor surgical cut in
the ureterocele to relieve the obstruction and improve urine
drainage. After endoscopic incision of the ureterocele, the
patient may experience relief of symptoms and improvement
in urinary flow. The procedure resulted in no postoperative
complaints from the patient.

The clinical presentation of ureterocele in adults is usually
incidental, but it can sometimes present with intermittent flank
pain, recurrent UTI, or calculus. The patient only complained
about flank pain, and CT IVP showed dilatation of the right
distal ureter and an indication of cobra head abnormality. This
case could be a reference to diagnose patients with flank pain
complaint properly, so further symptoms of ureteroceles could
be avoided.

Study Limitations

The limitation of this research is that it is based on a single case
study, which may limit the generalizability of the findings. Case
studies provide valuable insights into individual cases but may
not represent the broader population. Therefore, the conclusions
drawn from this research should be interpreted with caution
and further studies are needed to validate the findings and
establish more robust conclusions. Further research is needed
to enhance our understanding of ureterocele and optimize its
management strategies.

Conclusion

The case reported a 59-year-old woman who presented with
right flank pain and was diagnosed with ureterocele. After
endoscopic incision and unroofing of the ureterocele to relieve
the symptoms, the patient is declared asymptomatic. It is
important to note that ureterocele in adults is a rare condition,
and its diagnosis and management can be challenging
because of its variable presentations. Follow-up is necessary
to monitor for recurrence of symptoms or complications.
Overall, the diagnosis and management of ureterocele require
a comprehensive approach, considering the patient's age,
symptoms, and individual characteristics.
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Robot Assisted Bladder Diverticulectomy Seven Year After Radical
Prostatectomy
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® Avinash Reddy', ® Ash Tewari'
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Abstract T

The impact of radical prostatectomy on the natural history of the neurogenic bladder is not well understood. Neurogenic bladder can manifest
as detrusor sphincter dyssynergia. When left untreated, neurogenic bladder can cause bladder hypotonia. Chronically high volumes and pressures
can result in the formation of bladder diverticula. Diverticula, if present, are usually located at the lateral walls of the bladder. In this case, a
77-year-old man with a neurogenic bladder presented with a symptomatic bladder diverticulum at the dome, which developed years after radical
prostatectomy. A complex history made him a candidate for definitive treatment; thus, a diverticulectomy was performed. The history and operative

and pathological findings are discussed.

Keywords: Neurogenic bladder, robotic diverticulectomy, radical prostatectomy, clean intermittent catheterization, cystogram

Introduction

Bladder diverticula are out-pouches of the bladder mucosa
that occur through defects in the detrusor muscle fibers (1).
This mucosal herniation can occur because of congenital
or acquired factors. In the congenital variant, they are often
located superolateral to the ureteral orifice and are associated
with vesicoureteral reflux. In adults, bladder diverticula are
associated with increased pressure in the bladder, either due
to obstruction or detrusor sphincter dyssynergia (DSD). They
are usually asymptomatic at initial presentation but can cause
urinary tract infections (UTIs) or stone disease over time (1).
Approximately 1% of urothelial carcinomas are found within
bladder diverticula, and such cases have a poorer prognosis (2).
90% of all cases of bladder diverticula occur in adults, with men
being disproportionately affected with a 9:1 ratio (1).

Spinal cord injury causes neurogenic bladder and DSD (3).
Dyssynergia results from the loss of coordination between
detrusor contraction and urinary sphincter relaxation (4). This
can cause ineffective bladder emptying, leading to increased

bladder volumes and pressures. Over time, the detrusor can
stretch and become hypocontractile (5). Bladder diverticula can
also occur because of an untreated neurogenic bladder (1,6).
They are usually located along the lateral walls of the bladder,
which is the area most prone to deformity caused by elevated
intravesical pressure (1). Clean intermittent catheterization
(CIC) is commonly prescribed in patients with high post-void
residual (PVR) volumes of urine in the bladder.

Robot-assisted laparoscopic prostatectomy (RALP) is known
to carry a risk of postoperative stress urinary incontinence as
a sequala of the procedure (7,8). However, in patients with
preexisting neurological injuries before surgery, postoperative
management of voiding dysfunction can be more complex.
In neurogenic bladder cases, PVRs may decrease after RALP
because the sphincter will no longer be present.

However, in this case, the patient did not require CIC before
RALP. Years later, he developed very large diverticulum causing
significant morbidity requiring CIC and ultimately requiring
definitive management with diverticulectomy. There have
been three previous reports in which patients presented with
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bladder outlet obstruction and lower urinary tract symptoms
and were found to have both prostate cancer (PCa) and large
bladder diverticula. Sequential, combined, surgical treatments
for both conditions have been shown to be safe (9,10). To
our knowledge, there has been no previous documentation of
robotic diverticulectomy performed several years after RALP.
Here, we explore such a case and its clinical outcomes.

Case Presentation

This is a 77-year-old male, with a remote history of cervical
spine injury from a bicycle accident, as well as a history of
PCa status post RALP seven years prior, who presented to
our clinic complaining of chronic UTls, which led to hospital
admission for urosepsis. He was subsequently found to have
highly elevated PVRs and bladder diverticula. Of note, magnetic
resonance imaging during the pre-RALP workup reported
only small diverticula. Urodynamic studies from the past year
show a maximum flow rate of 2.8, voided volume of 50 cc,
PVR of 360 cc, and pressure readings consistent with DSD.
He had previously experienced intraperitoneal perforation of
his bladder at an outside hospital, from which he recovered
well with conservative management. However, it could not be
visualized with cystoscopy and was considered possibly walled
off. At this time, it was considered whether the diverticulum
seen on computed tomography scan (Figure 1) was a true
diverticulum or a contained perforation. Cystoscopy revealed
diffuse inflammatory changes on the posterior and right lateral
walls of the bladder. Severe trabeculations and numerous small
diverticula were observed. Figure 2 shows images from the
cystogram performed at that time, which shows a large volume
of urine retained in the diverticulum during the voiding phase. At
follow-up appointments, he requested definitive management.
He was scheduled for robotic bladder diverticulectomy.

Figure 1. Axial and sagittal CT images showing the diverticulum'’s anterior
and superior position along the bladder wall

CT: Computed tomography
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Figure 2. Cystogram images showing filling (right) and voiding (left) phases

Operative Report Summary

On the day of surgery, the patient was taken to the operating
room and induced under general anesthesia. He was positioned
in the supine position in Trendelenburg. A cystoscope was
used to try to identify the main diverticulum, but this was not
successful.

We proceeded to identify the diverticulum using the robot.
He created a circular mucosal incision around the diverticular
neck, dissected posteriorly, and then progressed laterally and
anteriorly (Figure 3). The specimen (diverticulum) was retrieved
and manually examined before being sent for surgical pathology.
The bladder was closed in 2 layers. 2-0 Stratafix suture was
used to close the detrusor and mucosal layers, with careful
approximation of the mucosal edges. Imbricating sutures were
placed using 2-0 V-loc suture. The bladder was distended with
300 mL, and a watertight closure was confirmed. A JP drain was
inserted, and the urethral catheter was left in place.

The patient tolerated the procedure well and was accompanied
to the recovery room in a stable condition. The estimated blood
loss was 50 mL. The patient was discharged on hospital day 3
with a Foley catheter. A cystogram performed 2 weeks after
surgery showed no evidence of diverticulum.

Pathologic Examination

The diagnosis was confirmed by pathological assessment.
Histopathological examination showed a pouch-like structure
lined with urothelium. The underlying subepithelial tissue
showed well-organized, thickened muscularis mucosae, thus
distinguishing this entity from a pseudodiverticulum of the
bladder.

Discussion

The unusual features of this case include the enormous size and
atypical location (at the dome) of the bladder diverticulum.
Despite the patient using CIC preoperatively, he was unable
to empty his bladder sufficiently because of the large volume
of urine trapped in the diverticulum, as was seen on the
voiding phase of his cystogram. The patient's previous bladder
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Figure 3. Intraoperative images. A. Intraperitoneal appearance of
diverticulum; B. Diverticulum on tension; C. Incision and dissection to
mucosa; D. En bloc resection; E. Specimen; F. Specimen with robotic arm
inside defect; G. Neck of diverticulum (foley and stents seen); H. Bladder
reconstruction

perforation made it difficult to assess from imaging alone
whether this abnormal pouch was a contained perforation or
a true diverticulum. The location at the dome points toward
the contained perforation. However, intraoperatively, there
were visual features of the tissue that pointed more toward the
diverticulum and not a contained perforation. For example, the
neck of the diverticulum was smooth and circular. In the case
of a contained perforation, a larger, irreqular neck is usually
observed. The walls of the diverticulum itself were smooth and
regular. Perforations are usually thickened and irregular. Finally,
there were no adhesions attached to the structure, which are

commonly seen in perforations. For these reasons, the etiology
was considered to be bladder diverticulum secondary to
neurogenic bladder and not due to a contained perforation. The
diagnosis was confirmed by pathological assessment.

The lesson to be learned from this case is that patients with
underlying neurogenic bladder, who undergo RALP, may have a
change in their bladder function that may not follow the usual
predicted pattern. This patient was never found to have bladder
neck contracture or lower urinary tract stricture. Additionally,
he did not require CIC before he underwent RALP. This suggests
that the pathophysiological mechanisms causing the diverticula
likely continued or might have even been enhanced by RALP.
The most likely pathophysiological mechanism underlying the
development of the larger diverticulum is DSD secondary to
the neurogenic bladder. One may expect that RALP relieved
the dyssynergia by compromising the integrity of the sphincter.
However, the sequelae developed anyway. This case suggests
that close monitoring of patients with preexisting neurogenic
bladder could be beneficial because bladder function evolves
after radical prostatectomy. Post-RALP uroflowmetry and
urodynamics are reasonable tests for complex cases. Providers
may carry a low threshold to start CIC when PVRs are elevated
or in cases of compromised bladder voiding efficiency (11).
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