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Figure 1- Calculation of the Tumor-to-Kidney Contact Surface Area in Non-Endophytic Tumors. e20250665

Suppose we define the exophytic surface area of the tumour as “a’ the endophytic surface area as “b; and the outer
surface area of the healthy parenchyma as “c’ In that case, the 3D Slicer software allows us to calculate the values
of ‘a + ¢} "a+ b; and “b + c” Using these known values, the unknown “b” value, which represents the tumour-to-
kidney contact surface area, was calculated using the following formula:

b = tumour-to-kidney contact surface area= (b+c)-(a+c)+a+b
2
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Prostate Biopsy Once Again Is a Hot Topic in This
Issue of the International Brazilian Journal of
Urology

Luciano A. Favorito "2

"Unidade de Pesquisa Urogenital - Universidade do Estado do Rio de Janeiro - Uerj, Rio de Janeiro, RJ, Brasil; 2 Servigo de
Urologia, Hospital Federal da Lagoa, Rio de Janeiro, RJ, Brasil

The May-June number of International Brazilian Journal of Urology presents original contributions with a lot of
interesting papers in different fields: Prostate cancer, Prostate biopsy, Male hypogonadism, Uro-Radiology, Posterior
Urethral Valves, Transplant, Robotic Surgery, Kidney cancer, Infertility, Prostate Cancer and Reconstructive Urology.
The papers came from many different countries such as Brazil, Italy, China, Egypt, USA, Portugal and Turkey, and
as usual the editor s comment highlights some of them. The editor in chief would like to highlight the works about
Prostate biopsy.

Dr. Chua and collegues from USA, presented in page €20250512 (1) a nice study about the Pain Perception
During Transperineal and Transrectal Prostate Biopsy (PBx) Under Local Anesthesia (LA) and concluded that PBx un-
der LA alone are generally well tolerated; however, there is a subset of patients who experience more pain, including
Black and Latino, younger patients, and those with more MRI suspicious lesions. Discussion of these pain risk factors
is important for pa- tients when choosing to have a biopsy performed under LA versus sedation.

Dr. Pina and collegues from Portugal, presented in page €20250653 (2) a interesting study about systematic
biopsy (SB) after targeted biopsy for the detection of clinically significant prostate cancer in MRI and concluded
that SB offers limited diagnostic value when combined with a mpMRI-targeted approach and support the latter as a
stand-alone procedure in men with suspicious lesions.

Prostate biopsy has been showing great prominence in diagnosis of prostate cancer recently (3-6). These 2
studies are very interesting and will greatly assist the urologist in diagnosing this disease.

The Editor-in-chief expects everyone to enjoy reading.

CONFLICT OF INTEREST

None declared.
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ABSTRACT

Infertility affects millions worldwide and is increasingly recognized as a major public-health
concern. Despite advances in reproductive medicine, the lack of a unified global framework
has contributed to substantial heterogeneity in clinical practice, particularly in the evaluation
and management of male infertility. In 2025, the World Health Organization (WHO) issued
its first comprehensive Guideline for the Prevention, Diagnosis, and Treatment of Infertility,
establishing a global, evidence-based standard applicable across diverse resource settings.
Notably, the guideline integrates male reproductive health throughout prevention, diagnosis,
and treatment pathways, reinforcing the essential role of paternal factors in reproductive
outcomes. This review summarizes the development, scope, and methodological foundations
of the WHO guideline, including its use of systematic evidence synthesis, the GRADE frame-
work, and structured consensus processes. Particular emphasis is placed on male-focused
recommendations and good practice statements on lifestyle risk modification, sexually trans-
mitted infections, standardized semen analysis, diagnostic algorithms, unexplained infertility,
antioxidant supplementation, and varicocele repair. The review also clarifies the guideline’s
public-health scope and delineates areas that remain within the domain of specialty practice.
Finally, we discuss dissemination, implementation challenges, and research priorities, high-
lighting persistent evidence gaps in male reproductive biology, sperm function, and clinically
meaningful treatment outcomes. By aligning public-health principles with contemporary un-
derstanding of male physiology, the WHO guideline provides a global foundation for equi-
table and systematic infertility care.

Int Braz J Urol. 2026; 52(3): 20260121 1/28

ARTICLE INFO

Esteves, SC
https://orcid.org/0000-0002-1313-9680

Keywords:

Reproductive Health; Primary
Prevention; Practice Guideline
[Publication Type]; Review
[Publication Type]

Submitted for publication:
February 12, 2026

Accepted:
February 19, 2026

Published as Ahead of Print:
March 04, 2026

Editor in Chief
Luciano Alves Favorito

Associate Editor
Luciano Alves Favorito

Data Availability

All data generated or analysed
during this study are included
in this published article


https://orcid.org/0000-0002-1313-9680

INTRODUCTION

Infertility affects an estimated one in six indi-
viduals worldwide and represents a growing public-
health challenge with profound social, psychological,
and economic consequences (1). Although substantial
progress has been achieved in assisted reproductive
technologies, global infertility care remains highly vari-
able, particularly in low- and middle-resource settings
where access to diagnostic services and effective treat-
ments is limited. Historically, policy frameworks and
clinical pathways have disproportionately emphasized
female evaluation, reflecting entrenched assumptions
about causation and societal expectations. Male infertil-
ity, in contrast, has often been under-recognized, incon-
sistently investigated, and insufficiently integrated into
national reproductive-health strategies (2-4).

The publication of the 2025 World Health Orga-
nization (WHO) Guideline for the Prevention, Diagnosis,
and Treatment of Infertility marks a significant mile-
stone in global reproductive care (5). It is the first com-
prehensive WHO document to address infertility across
its full spectrum, explicitly encompassing both male
and female contributors. The guideline was developed
to provide a globally applicable, evidence-based, and
equity-oriented framework suitable for implementation
across health systems with differing resource levels. Its
scope extends from population-level prevention to clini-
cal diagnosis, management, and medically assisted re-
production, with an emphasis on feasibility, person-cen-
tered care, and minimizing unnecessary interventions.

A particularly transformative aspect of the
guideline is its structured integration of male infertility
into the care pathway. By embedding men within pre-
vention strategies, diagnostic evaluation, and treatment
recommendations, the guideline addresses longstand-
ing gaps that have contributed to delayed or incomplete
assessment of male reproductive health. This shift is
timely. Increasing evidence demonstrates that paternal
health—including lifestyle factors, environmental expo-
sures, endocrine function, and sperm molecular charac-
teristics—plays a critical role in fertility potential, embryo
development, and long-term offspring outcomes (6-13).
As a result, prioritizing male reproductive assessment
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is not only clinically justified but essential for achieving
equitable and biologically coherent infertility care (14).

This review provides a detailed examination of
the WHO guideline through the lens of male reproduc-
tive health. Following a description of the guideline’s
rationale, scope, methodological foundations, and ev-
idence-grading process, we analyze the male-relevant
recommendations on good practice statements, pre-
vention, diagnosis, and treatment. Particular attention
is paid to lifestyle and environmental risk modification,
sexually transmitted infections, semen analysis, the
structure and limitations of the diagnostic algorithm,
unexplained infertility, antioxidant supplementation,
and varicocele management. We conclude by discuss-
ing dissemination strategies, implementation consid-
erations, and research priorities that emerge from the
guideline, highlighting key areas where evidence is
currently insufficient and where future studies could
strengthen subsequent guideline iterations.

GUIDELINE OVERVIEW

Infertility has long been recognized as a sig-
nificant global health concern (2, 3, 11, 15), yet until 2025,
there was no unified World Health Organization guide-
line addressing its prevention, diagnosis, and treatment
for males and females. The development of the WHO
Guideline for the Prevention, Diagnosis, and Treatment
of Infertility was driven by the need for a coherent, evi-
dence-based framework to guide countries with widely
differing resources, infrastructure, and clinical capacity
(5). The initiative reflects WHQO's broader mandate to
support reproductive health as part of universal health
coverage and acknowledges infertility as a condition
with profound medical, psychological, and social impli-
cations for individuals, couples, and communities.

Rationale for Developing the Guideline

The rationale for creating this guideline emerged
from persistent global inequities in access to infertility
care (2-4, 11, 15-17). In many regions, diagnostic evalu-
ation is fragmented or unavailable, medically assisted
reproduction (MAR) is financially inaccessible, and cul-
tural stigma restricts help-seeking behavior—particular-
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ly for men (3, 4, 1). Prior guidance documents, explicitly
focusing on male infertility, such as the American Uro-
logical Association/American Society for Reproductive
Medicine (AUA/ASRM), European Association of Urol-
ogy (EAU), and Brazilian Society for Human Reproduc-
tion (SBRH), provide detailed clinical recommendations
but are primarily oriented toward high-resource settings
(18-23). The WHO guideline was created to comple-
ment, rather than replace, such specialty resources by
establishing a global baseline for essential services that
can be adapted across diverse health systems. It also
reflects an expanded understanding of infertility as a
condition that warrants recognition and management
within reproductive-rights frameworks.

Importantly, the guideline integrates male in-
fertility throughout its structure. Historically, policy and
clinical pathways have disproportionately focused on
women, despite evidence that male factors contribute
to infertility in up to half of all couples. The WHO docu-
ment acknowledges this imbalance by embedding male
evaluation within preventive strategies, diagnostic algo-
rithms, and treatment recommendations, thereby rein-
forcing the principle of couple-based assessment.

Scope and Target Audience
The scope of the WHO guideline is broad and
intentionally inclusive. It covers:
i. Prevention of infertility across the life course,
with guidance applicable to the general popu-
lation, individuals planning a pregnancy, and
couples undergoing infertility evaluation.
ii. Diagnosis of infertility in both partners, em-
phasizing standardized assessment, structured
history-taking, focused physical examination,
and the judicious use of semen analysis.
iii. Treatment, including lifestyle modification,
management of sexually transmitted infections
(STIs), and interventions for clinical varicocele.

The guideline applies to individuals and couples
attempting to conceive naturally and those who may re-
quire assisted reproduction. The document is designed
to support implementation across low-, middle-, and
high-resource settings, with recommendations that are
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feasible, equitable, and adaptable to local infrastructure
and regulatory environments.

The guideline also clearly defines its boundar-
ies. It does not attempt to provide detailed procedural
guidance for ovarian stimulation, embryology laboratory
techniques, endocrine management of spermatogenic
dysfunction, or surgical reconstruction for obstructive
azoospermia, nor does it offer guidance on genetic eval-
uation or advanced tests of sperm function. These omis-
sions reflect the guideline’s purpose as a public-health
instrument rather than a specialty clinical manual. While
it complements detailed professional-society guidelines,
its primary aim is to establish a minimum global stan-
dard that can be expanded upon by national programs
or specialty organizations where resources permit.

The target audience for this guideline encom-
passes clinicians directly involved in reproductive
care—including urologists, reproductive endocrinolo-
gists, gynecologists, and primary-care providers—who
must integrate its recommendations into daily practice.
It also speaks to fertility nurses, midwives, counselors,
and allied health professionals who deliver infertility
services. Policymakers, program managers, and pub-
lic health authorities are also central users, given the
guideline’s emphasis on systems-level implementation,
resource allocation, and regulatory considerations. Re-
searchers, educators, and trainees in reproductive med-
icine represent another key audience, as the guideline
provides a conceptual foundation that aligns with con-
temporary evidence while identifying areas where data
remain insufficient. By directing its content to such a
diverse readership, the guideline underscores that infer-
tility care is not confined to specialist clinics but forms
an integral component of comprehensive reproductive-
health systems.

METHODS USED IN DEVELOPING THE
GUIDELINE

The guideline was developed through a struc-
tured process aligned with WHO's internal standards
for guideline development (Table-1). A multidisciplinary
Guideline Development Group (GDG) was convened,
comprising clinicians in reproductive medicine, urolo-
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Table 1 - Summary of Methods Used in Developing the WHO Infertility Guideline.

Component Summary

Guideline Development Group Multidisciplinary panel including urologists, andrologists, reproductive endocrinologists,
embryologists, epidemiologists, public-health scientists, methodologists, program managers, and

patient representatives.

Formulation of Questions

Structured using the PICO framework. Prioritized questions with global relevance, feasibility, and

potential impact on health-system equity. Male-focused topics included semen analysis, repeat
testing, antioxidants, varicocele, STls, and unexplained infertility.

Evidence Retrieval and
Synthesis
and resource needs.

GRADE Methodology

Systematic reviews commissioned or updated by WHO, complemented by targeted searches.
Evidence profiles developed to summarize effectiveness, certainty, harms, acceptability, feasibility,

Applied to assess certainty of evidence and determine strength of recommendations. Informed

decisions on antioxidants (no recommendation) and varicocele repair (conditional recommendation).

Consensus Process

Recommendations finalized by group consensus; formal voting used when needed. Reflected balance

of evidence, feasibility, values, and equity.

External Review

Draft guideline underwent peer review by external experts in infertility, public health, and

methodology. Revisions incorporated before WHO final approval.

WHO Approval

Final guideline reviewed and approved by WHO's internal guideline review committee, ensuring

adherence to methodological and ethical standards.

GRADE, Grading of Recommendations Assessment, Development and Evaluation; STls, sexually transmitted infections; PICO, P stands for Patient
or Problem, | is for Intervention, C is for Comparison, and O is for Outcome; WHO, World Health Organization

gists, andrologists, epidemiologists, embryologists, pub-
lic health experts, methodologists, program managers,
and patient representatives (5).

Clinical and public-health questions were for-
mulated using the PICO (Population, Intervention, Com-
parison, Outcome) framework, prioritizing topics with
high global relevance, implementation feasibility, and
potential to reduce inequities in infertility care (24).
Male-focused questions addressed semen analysis,
indications for repeat testing, antioxidant supplemen-
tation, clinical varicocele repair, sexually transmitted
infections, and criteria for unexplained infertility. Highly
specialized investigations—such as advanced sperm
function testing, endocrine management, and genetic
evaluation—were purposely excluded because they fall
outside the public health scope and are addressed in
specialty guidelines.

Evidence was sourced through systematic re-
views commissioned or updated by WHO, supplemented
by targeted searches for randomized and observational
data. Findings were synthesized into standardized evidence
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profiles that summarized effect size, certainty, harms, fea-
sibility, and resource implications. The GRADE (Grad-
ing of Recommendations Assessment, Development
and Evaluation) framework was applied to assess the
certainty of the evidence and determine the strength of
the recommendations (25). This process was central to
determining, for example, that evidence for antioxidant
supplementation was too heterogeneous and indirect
to support a recommendation. By contrast, evidence
supporting clinical varicocele repair was sufficient to
justify a conditional recommendation. Recommenda-
tions were finalized through structured GDG delibera-
tion, with formal voting and consensus. Drafts under-
went external expert review before final approval by
WHO's internal guideline review committee.

SUMMARY OF GUIDELINE MALE-
RELATED CONTENT

The guideline presents a framework that inte-
grates preventive strategies, standardized diagnostic
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evaluation, and evidence-informed treatment op-
tions. The recommendations are organized into Good
Practice Statements (GPS)—reflecting interventions
supported by strong ethical, clinical, or public health
principles—and formal recommendations derived
from systematic evidence appraisal. The structure
emphasizes global applicability, feasibility, and eg-
uity, while also incorporating clinically meaningful
guidance for male infertility.

This section provides an overview of the
content most relevant to male reproductive health,
including the rationale and intent behind the WHO
recommendations.

Good Practice Statements
Several GPS pertain directly or indirectly to
the male partner, thus reflecting interventions con-

sidered essential for quality infertility care regardless
of setting (Table-2). GPS are not formal recommenda-
tions because they do not rely on GRADE-based evi-
dence assessment; instead, they represent actions
clearly supported by ethical considerations, consen-
sus, and accumulated clinical experience.
Importantly, the guideline affirms that infertil-
ity care must be couple-based and that both partners
should be evaluated systematically, regardless of
which partner initially seeks care, a statement aligned
with other relevant infertility guidelines (18-21, 26).
Health-care providers are encouraged to deliver fer-
tility information proactively, including education on
modifiable risk factors, timing of intercourse relative
to ovulation, and the impact of age, sexually trans-
mitted infections, and lifestyle behaviors. The guide-
line also asserts that individuals and couples should

Table 2 - Good Practice Statements (GPS) on the General Approach and Management of Infertility in the WHO

Guideline.

Good Practice Statement as written in the WHO guideline

Interpretation / Relevance to Clinical Practice

Select diagnostic tests based on the clinical findings from
the medical history and physical examination to ensure that
evaluation is systematic and cost-effective.

Listen to individuals and couples, respect their preferences,
discuss if psychological and social or peer support is needed,
and if needed, provide it or refer patients for it.

Base treatment decisions on benefits and harms, patient values
and preferences, feasibility, costs and availability of resources.

Consider the cost-effectiveness of treatment (e.g., least
expensive but effective treatments should be provided initially).

Discuss the plan for clinical follow-up and management of
potential risks that may occur during infertility treatment.

Document the outcomes of pregnancies resulting from infertility
treatment.

Emphasizes structured, stepwise evaluation. Diagnostic testing
should follow clinical findings—not precede them—to avoid
unnecessary investigations and support equitable access,
especially in resource-constrained settings.

Positions infertility care within a person-centered framework.
Psychological and social dimensions must be addressed
alongside medical factors. Counseling and support services
should be integrated or readily accessible.

Reinforces shared decision-making and transparent counseling.
Treatments should not be offered solely on theoretical benefit;
they must be feasible, affordable, and aligned with patient
priorities.

Prioritizes rational, equitable sequencing of treatment. First-line
options should be effective and affordable; high-cost interventions
such as MAR should follow only when justified.

Requires clinicians to communicate treatment expectations, safety
considerations, monitoring plans, and contingency pathways. This
applies to both male and female interventions.

Supports surveillance, quality improvement, and public-health
monitoring. Documentation enables outcome auditing, safety
assessment, and future refinement of care pathways.

MAR = medically assisted reproduction.
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have equitable access to timely, respectful, culturally
appropriate infertility care. This includes counsel-
ing, psychosocial support, and linkage to specialized
services when indicated. These GPSs serve as the
conceptual foundation for the more detailed recom-
mendations that follow.

Prevention

Prevention constitutes one of the most forward-
looking and transformative elements of the WHO guide-
line. Rather than confining infertility care to individuals
who are already attempting conception, the guideline
adopts a life-course, population-level perspective in
which fertility awareness becomes a core component
of general health promotion for both women and men.
This shift is particularly significant for male reproductive
health, which has historically received less structured
preconception attention despite clear evidence that pa-
ternal factors influence fertility, early embryo develop-
ment, and long-term offspring well-being(7, 11, 15, 27-42).

For the prevention of infertility in men, the
guideline highlights four major domains, as outlined in
Table-3. The guideline frames prevention as a shared
responsibility between individuals, couples, and health
systems. Its preventive recommendations are couple-
oriented but explicitly acknowledge the need to provide
men with tailored guidance. Men often underutilize pri-
mary care, seek medical attention later than women, and
rarely receive structured counseling about reproductive
risks. The WHO document counters this by encouraging
countries to integrate fertility information into existing
health-promotion platforms, such as school curricula,
adolescent sexual health programs, workplace initia-
tives, and community outreach activities.

The guideline underscores that preventive
counseling must be culturally sensitive, accessible, and
matched to local realities. Men should receive clear, ac-
tionable guidance regarding the timing and frequency
of intercourse, fertility at different ages, the influence of
acute and chronic illnesses, and the importance of ad-
dressing genital symptoms or potential exposures early.
The message is universal: male reproductive health is
modifiable, and early engagement can improve fertility
outcomes. Indeed, spermatogenesis is acutely sensitive
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to metabolic variation, oxidative stress, heat, toxins, en-
docrine disruptors, and genital infection. Time-to-preg-
nancy studies and mechanistic data indicate that pater-
nal behaviors—even before conception—can influence
embryo quality, blastulation rates, and miscarriage risk
(9,10, 16, 28, 32, 33, 35, 43-46). Integrating male fertility
awareness into broader health education ensures that
men receive the information necessary to understand
their role in establishing optimal conditions for concep-
tion (4,14, 15).

Diagnosis

Diagnosis represents one of the most action-
able components of the guideline. Diagnostic evaluation
is organized around a structured, stepwise approach
that integrates history, physical examination, and semen
analysis, designed to ensure that every man in an infer-
tile couple receives a basic, meaningful, and systematic
assessment, regardless of geographic setting, clinician
background, or health-system resources (Figure-1).

These elements are integrated through a di-
agnostic algorithm that functions primarily as a triage
system rather than a full clinical decision tree, enabling
non-specialists to address reversible causes while pro-
moting timely referral to clinicians with expertise in male
infertility—most commonly, urologists.

The first step identifies modifiable risk factors
(e.g., tobacco use, heat exposure), reversible causes (e.g.
infection), and clinical abnormalities (e.g, varicocele,
testicular atrophy). Standardized semen analysis should
be conducted according to the WHO manual (47, 48):
normal result - no repeat; abnormal result > repeat at
>11 weeks, following the duration of one spermatogenic
cycle (49). If reversible or treatable causes such as life-
style exposures, genital infection, or medication effects
are identified, these should be addressed first, followed
by reassessment. Additionally, if semen parameters
remain below reference limits after repeat testing, or
if history/exam reveals persistent abnormalities, refer-
ral to clinicians experienced in male infertility (typically
urologists) is indicated. The most relevant findings in
history/exam warranting referral include palpable vari-
cocele, endocrine or sexual dysfunction, symptoms or
signs of genital tract obstruction, suspected genetic ab-
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Table 3 - Male-Relevant Recommendations from the 2025 WHO Infertility Guideline Relative to Prevention.

Category

Recommendation

Remarks

Information provision
on fertility and
infertility

For the general population of reproductive
age, WHO suggests providing information
about fertility and infertility using low-cost
strategies or whenever there is opportunity
(Conditional recommendation, very low
certainty of evidence).

For individuals and couples with infertility,
WHO suggests providing low-cost lifestyle
advice before and during infertility
treatment. (Conditional recommendation,
very low certainty of evidence).

Low-cost strategies may include information in digital or paper format
when opportunities occur in schools, at primary health care centers or at
reproductive health (contraceptive, sexual health) clinics.

Information adapted to local contexts and audiences, including how to
reduce risk factors for infertility, lifestyle modification, age-related fertility
decline/potential, and timely medical consultation, may increase the
likelihood of information uptake and beneficial outcomes.

Lifestyle advice may include advice to change diet, alcohol intake,
smoking, physical activity and/or weight management.

Risk reduction from
tobacco smoking

WHO recommends that brief advice be
consistently provided by health care
providers as a routine practice to all tobacco
users accessing any health care settings
(Strong

recommendation, moderate certainty of
evidence).

This is an existing WHO recommendation for the general population that
also applies to individuals and couples who are planning a pregnancy,
attempting to achieve a pregnancy or with infertility, given the association
between infertility and current or previous history of smoking.
Assessment of lifestyle, including the use of tobacco, is part of medical
history when evaluating individuals and couples for infertility.

Brief advice is advice to stop using tobacco - usually taking only a few
minutes - given to all tobacco users, usually during a routine consultation
or interaction.

Brief advice should include informing individuals and couples that (i) use of
tobacco, particularly smoking, is associated with a higher risk of infertility;
(i) the risk of infertility due to tobacco smoking is higher among women;
and (iii) a range of interventions to assist in cessation of tobacco use exist.
Brief advice should include the 5As: asking about tobacco use; advising to
make a quit attempt; assessing readiness to quit; assisting in making a quit
plan; and arranging a follow-up. Advice should be tailored or personalized
based on individual circumstances.

All adults interested in quitting smoking should be offered or referred to
interventions to assist in tobacco cessation as recommended by existing
WHO guidelines for preventing tobacco use uptake, promoting tobacco
cessation or diagnosing and treating tobacco dependence (https://iris.
who.int/handle/10665/377825).

Risk reduction from
sexually transmitted
infections (STls)

Couples and individuals planning or
attempting to achieve pregnancy who are
accessing any health care settings should
be routinely informed about sexually
transmitted infections (STls), including the
risk of infertility when STls are untreated
(Good practice statement)

If symptoms of an STl are present, or if infection is confirmed, WHO
guideline recommendations on the management of STls are available
(https://iris.who.int/handle/10665/342523; https://iriswho.int/
handle/10665/378213)

Certainty of evidence: high (we are very confident that the true effect lies close to that of the estimate of the effect); moderate (we are moderately confident in the effect estimate:
the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different); low (we have limited confidence in the effect estimate: the
true effect may be substantially different from the estimate of the effect); very low (we have very little confidence in the effect estimate: the true effect is likely to be substantially
different from the estimate of effect).

Good practice statements were made in topics where the Guideline Development Group (GDG) agreed that guidance was necessary, but a review of the evidence was not
warranted because the benefits of the practice were unequivocal and other factors (such as equity) would not have an impact. Good practice statements were rooted in the
fact that answers were deemed obvious by the GDG. The methodologist guided the development of good practice statements based on the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) approach.

Strong recommendation: For patients (most individuals in this situation would want the recommended course of action and only a small proportion would not. Formal
decision aids are not likely to be needed to help individuals make decisions consistent with their values and preferences); for clinicians (most individuals should receive the
recommended course of action. Adherence to this recommendation according to the guideline could be used as a quality criterion or performance indicator; for policy-makers
(the recommendation can be adopted as policy in most situations);

Conditional recommendation: For patients (the majority of individuals in this situation would want the suggested course of action, but many would not); for clinicians (Clinicians
should recognize that different choices will be appropriate for each individual and that clinicians must help each individual arrive at a management decision consistent with
the individual's values and preferences. Decision aids may be useful to help individuals make decisions consistent with their values and preferences); for policy-makers (policy-
making will require substantial debate and the involvement of various stakeholders)
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Figure 1- The WHO Male Diagnostic Algorithm.
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« Cancers (e.g. testicular cancer, lymphoma, leukaemia)
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« Age of partner, length of time attempting to conceive

+ Contraceptive methods and duration

« Previous pregnancy or miscarriage (current partner or another partner)
* Previous treatments

« Treatments or evaluations of female partner

2 Reproductive
history
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aSee the WHO laboratory manual for the examination and processing of human
semen (sixth (WHO, 2021) or latest edition); ®Consider post-ejaculate urinalysis to
rule out retrograde ejaculation if low (or no) semen ejaculate volume; see WHO
laboratory manual for the examination and processing of human semen (sixth
(WHO, 2021) or latest edition); °See Chapter 4 in the guideline (World Health
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1 Overall body
characteristics

* Poor virilization, gynaecomastia
« Obesity, BMI

2 Inguinal and

genital areas * Scar

3 Penis * Hypospadias, epispadias, phimosis, curvature

4 Testes « Location, size, consistency, pain/nodules/tenderness
5 Ductal

structures (vas, o Present/a.bsenr _

epididymis) « Normal/signs of obstruction or inflammation

6 Spermatic cord/ 5

i Varicocele, hydrocele, cysts

Organization, 2025), for details on information provision; 4Evaluation should include
PE and SA regardless of history findings; ¢See Chapter 4 in the guideline (World
Health Organization, 2025) and the WHO guideline for the management of sexually
transmitted infections (World Health Organization, 2021); Female evaluation
is essential and should proceed regardless of semen analysis outcome; see
Chapter 5 in the guideline (World Health Organization, 2025) for the assessment
of the female partner; 9Healthcare provider with appropriate qualifications; for
example, urologist, clinical andrologist or reproductive medicine specialist with
relevant qualifications; "See Chapters 6, 7 and 8 in the guideline (World Health
Organization, 2025); 'See Section 5.8 and Chapter 10 in the guideline (World Health
Organization, 2025). Abbreviations: N/A, not applicable; PE, physical examination;
SA, semen analysis; WHO, World Health Organization. Reprinted from: Guideline
for the prevention, diagnosis, and treatment of infertility. Geneva: World Health
Organization; 2025. License: CC BY-NC-SA 3.0 IGO: (https://creativecommons.
org/licenses/by-nc-sa/3.0/igo).
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normalities, and complex medical conditions affecting
reproduction. By contrast, the diagnosis of unexplained
infertility is established only when the male partner has
an unremarkable medical, reproductive, and sexual his-
tory, physical examination reveals no clinically significant
abnormalities, and semen parameters fall within WHO
reference ranges, and the female partner has normal ovu-
latory function and patent fallopian tubes.

The algorithm thus helps prevent the common
situation in which male evaluation is reduced to a se-
men analysis alone (50, 51). By explicitly linking abnormal
findings with specialist referral, the guideline reinforces
the essential role of urologists in male reproductive care.
Additionally, the WHO provides a detailed template for
comprehensive male reproductive history-taking, cover-
ing developmental conditions, prior genital infections,
systemic diseases, surgeries, medications, lifestyle ex-
posures, occupational hazards, sexual function, previous
fertility, and timing/frequency of intercourse (Figure-2-
See Appendix). This structured approach helps ensure
that clinically relevant risk factors are not overlooked,
particularly by providers without specialized training.

Physical Examination

The guideline recommends a focused physical
examination assessing testicular size and consistency,
presence of varicocele, abnormalities of the epididymis
or vas deferens, signs of hypogonadism or endocrine
disorders, and evidence of genital infection. By incor-
porating physical examination into the diagnostic al-
gorithm, WHO stresses that male evaluation cannot be
laboratory-only and must include clinically relevant ob-
servations that remain the domain of trained clinicians,
particularly urologists. This examination often yields
findings that meaningfully alter diagnostic direction. For
example, a palpable varicocele, absent vas deferens,
and signs of hypogonadism each require different diag-
nostic and therapeutic strategies that cannot be inferred
from semen analysis alone (6, 11,12, 19, 20, 27, 34, 52-59).

Semen Analysis

Semen analysis remains the cornerstone labo-
ratory test of male evaluation in the guideline. Two ex-
plicit recommendations govern its use: If semen param-
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eters fall within WHO reference ranges, no repeat test is
required. If one or more parameters fall outside the ref-
erence ranges, the test should be repeated after a mini-
mum of 11 weeks (Table-4). The guideline stresses that
semen analysis must be performed according to the lat-
est WHO laboratory manual, which provides standard-
ized procedures and updated reference limits (47, 48).

The WHO approach aligns with the 2024 EAU
guideline, which likewise recommends repeat test-
ing only when the first analysis is abnormal (21). This
contrasts with the AUA/ASRM guideline, which recom-
mends at least two semen analyses by default to ac-
count for biological variability (18). The difference re-
flects scope: WHO aims for a globally feasible minimum
standard, while specialty societies aim for improving
diagnostic precision in high-resource environments.

Nevertheless, it is crucial to underscore the lim-
itations of a basic semen analysis, focusing on volume,
count, motility, and morphology (17, 60, 61). It should
not be interpreted as a measure of sperm function. Al-
though conventional parameters capture broad features
of spermatogenesis, they do not reliably reflect DNA
fragmentation, chromatin packaging, epigenetic marks,
mitochondrial performance, and sperm-borne RNA pay-
loads. These molecular and functional attributes can be
assessed by using specialized tests, and results may
influence fertilization, embryo development, blastocyst
progression, and miscarriage risk (6, 35, 50, 51, 62, 63).
Therefore, clinicians must interpret semen parameters
within clinical contexts, recognizing that patient history,
physical findings, and reproductive outcomes may di-
verge from what basic parameters alone imply.

Treatment

The WHO treatment recommendations are de-
liberately conservative, reflecting limited evidence and
the need to set minimum standards that are feasible,
equitable, and implementable across health systems
with vastly different resources. Only two areas yield spe-
cific male-directed recommendations: antioxidants and
varicocele (Table-5). Other domains—such as hormonal
therapy for idiopathic infertility, advanced sperm func-
tion testing, genetic evaluation, ejaculatory dysfunction,
obstructive azoospermia, or surgical sperm retrieval—

9/28



Table 4 - Male-Relevant Recommendations from the 2025 WHO Infertility Guideline Relative to Diagnosis.

Category Recommendation

Remarks

Semen analysis

low certainty of evidence).

For males (in couples with infertility) with all semen
parameters within the WHO reference ranges, WHO

For males (in couples with infertility) with one or more
semen parameters outside the WHO reference ranges,
WHO suggests repeating the semen analysis after a
minimum of 11 weeks (Conditional recommendation, very

The latest edition of the WHO laboratory manual
for the examination and

processing of human semen provides WHO
reference ranges for semen parameters and
details about the standardized procedures for
semen

collection and analysis (https://iriswho.int/
handle/10665/343208).

suggests not repeating the semen analysis (Conditional
recommendation, very low certainty of evidence).

Diagnosis of WHO suggests making a diagnosis of unexplained NA
unexplained infertility in a couple when all the following have
infertility occurred: (i) Failure to achieve pregnancy after 12

months of regular unprotected sexual intercourse; (ii)
Normal physical examination and medical history in both
the male and female; (iii) Presumptive confirmation of
ovulation and patent tubes in the female partner: and (iv)
Semen parameters that are within the WHO reference
ranges in the male partner (Conditional recommendation,

very low certainty of evidence).

Certainty of evidence and strength of recommendation: see Table 3 legend.

NA = not applicable; WHO = World Health Organization

are outside the scope of this WHO guideline and are
covered in detail in specialty clinical practice guidelines
(6,18-21, 26, 56). This delineation is intentional, reflecting
the WHO's mandate to focus on public-health-oriented,
globally applicable guidance.

Antioxidant Supplementation

Oxidative stress is recognized as an important
biological mechanism that can impair sperm function
(64). Reactive oxygen species (ROS) influence sperm
membrane integrity, motility, DNA fragmentation, chro-
matin compaction, and mitochondrial activity (65). Evi-
dence from mechanistic studies strongly supports the
hypothesis that excessive ROS disrupts sperm function
and may impair fertilization and early embryo develop-
ment (64, 65). These biological insights have motivated
widespread clinical interest in oral antioxidant supple-
mentation among infertile men.

The GDG examined evidence from a systematic
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review (66) and targeted search for randomized controlled
trials up to April 2024 evaluating antioxidant supplemen-
tation in men with infertility and at least one semen pa-
rameter below WHO reference limits. The evidence base
showed considerable heterogeneity in type of antioxidant
(e.g, vitamin C, vitamin E, L-carnitine, coenzyme QI0, se-
lenium, zinc, N-acetylcysteine, and multi-ingredient for-
mulations), dosing and duration, study populations, and
outcome measures, with most trials focusing on surrogate
outcomes (semen parameters) rather than clinically mean-
ingful endpoints (pregnancy, live birth).

The guideline therefore issues no recommen-
dation for or against routine antioxidant supplementa-
tion in infertile men with semen abnormalities (Table-6).
This is not equivalent to stating that “antioxidants do not
work,’ nor is it a statement of insufficient evidence. In-
stead, it reflects an inability to formulate a global recom-
mendation due to the heterogeneity of the evidence and
the uncertainty around clinically meaningful outcomes.
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Table 5 - Male-Relevant Recommendations from the 2025 WHO Infertility Guideline Relative to Treatment.

Category

Recommendation

Remarks

Use of antioxidants

For males with infertility and one or more semen
parameters outside the WHO reference ranges who
are attempting to achieve pregnancy with or without
medically assisted reproduction, the WHO infertility
Guideline Development Group (GDG) did not make a
recommendation for or against the use of antioxidant
supplements.

Optimal nutrition is important during the pre-
pregnancy period for the couple; however, the
effects of antioxidant supplements for males with
specific male-factor pathologies in couples with
infertility are currently not known.

Varicocele For males with infertility and clinical varicocele, WHO Males with clinical varicocele and semen
treatment - suggests surgical or radiological treatment over parameters that are outside the WHO reference
treatment vs expectant management (Conditional ranges are more likely to benefit from receiving
expectant recommendation, low certainty of evidence)*. treatment for varicocele, compared to men with
management semen parameters within the WHO reference
ranges.
Varicocele For males with infertility undergoing treatment of When selecting whether to use surgical or
treatment - type of  varicocele, WHO suggests radiological treatment, consider feasibility, the
treatment using either surgical or radiological treatment availability of trained health care providers

(Conditional
recommendation, very low certainty of evidence)*.

and patient preferences regarding the type of
treatment procedure.

Varicocele surgery
- choice of
surgical method

For males with infertility undergoing surgical treatment
of varicocele, WHO suggests using microscopic surgery
rather than other surgical procedures (Conditional
recommendation, very low certainty of evidence)*.

Subinguinal microsurgery is a common surgical
varicocelectomy procedure, while other surgical
procedures include non-microscopic open
approaches (such as inguinal and retroperitoneal)
and laparoscopic methods.

In settings where the expertise to perform
microscopic surgery is not available, other
surgical techniques may be used.

Varicocele
surgery - open
approaches

For males with infertility undergoing non-microscopic
surgical treatment of varicocele, WHO suggests using
either inguinal or retroperitoneal surgical procedures

(Conditional

recommendation, very low certainty of evidence)*.

When selecting whether to use an inguinal
or retroperitoneal surgical procedure,
consider feasibility and the availability of
trained health care providers.

Certainty of evidence and strength of recommendation: see Table 3 legend.

* This recommendation applies to males with varicocele in couples with fertility who are not undergoing treatment with assisted reproductive

technology (ART).
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Table 6 - Male-Specific WHO Recommendations Mapped to Evidence-to-Decision (EtD) Considerations.

Male WHO
Recommendation

EtD Consideration

Summary of How EtD Informed the Recommendation

Repeat semen analysis
only when one or more
parameters are below
WHO reference ranges;
do not repeat when all
parameters are within
reference limits

Balance of benefits
and harms

Certainty of
evidence

Values and
preferences

Acceptability

Costs/resources
Feasibility
Equity

Strength (GRADE)

Repeat testing provides confirmation when abnormal, but adds no clinical
value when initial parameters are within reference limits. Avoids harm from
unnecessary delay, anxiety, and cost.

Certainty moderate, grounded in long-standing WHO manual methodology
and international laboratory experience.

Little variability—patients and clinicians generally prefer to avoid unnecessary
tests.

High global acceptability; aligns with the WHO manual and with EAU
guidelines.

Reduces costs by minimizing unwarranted repeat testing.
Highly feasible even in resource-limited settings.
Increases equity by standardizing a low-cost approach worldwide.

Conditional ("“WHO suggests...") —because thresholds and feasibility vary
across settings.

No recommendation

for or against use of
antioxidant supplements
for infertile men with
semen parameters below
WHO reference ranges

Balance of benefits
and harms

Certainty of
evidence

Values and
preferences

Acceptability

Costs/resources

Feasibility

Equity

Strength (GRADE)

Benefits uncertain; heterogeneity in products and outcomes; potential harms
(reductive stress) not well defined.

Low due to heterogeneity in formulations, dosing, populations, and reliance on
surrogate outcomes (semen parameters rather than pregnancy/live birth).

High variability; some patients expect benefit, others are skeptical; clinicians
differ widely in prescribing behavior.

Varies significantly across regions; unregulated supplement markets contribute
to inconsistency.

Supplements often costly and out-of-pocket; cost-effectiveness unknown.

Feasible but unregulated; inconsistent product quality complicates
implementation.

Potential to worsen inequity if men spend significant resources on
interventions without proven benefit.

No recommendation —due to insufficient evidence for benefit or harm.

Int Braz J Urol. 2026; 52(3): €20260121
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Repair of clinical Balance of benefits

varicocele in infertile men  and harms
with abnormal semen

parameters Certainty of

evidence

Values and
preferences

Acceptability

variability low.

Benefits—improvement in semen parameters and pregnancy rates—outweigh
harms when varicocele is clinical/palpable.
Moderate certainty (supported by trials and observational studies).

Majority of patients favor intervention in hopes of natural conception;

Acceptable worldwide; microsurgical approach preferred, but alternative

techniques acceptable where microsurgery not available.

Costs/resources
region.

Feasibility

Cost-effective relative to immediate use of MAR; resource needs vary by

Globally feasible with flexibility in surgical approach; microsurgery availability

influences choice.

Equity

Strength (GRADE)

Improves equity by supporting a treatment that may reduce reliance on MAR.

Conditional ("WHO suggests...") —because of variable surgical capacity and

differences in feasibility across regions.

MAR = medically assisted reproduction; GRADE = Grading of Recommendations Assessment, Development and Evaluation

Nevertheless, the guideline emphasizes that optimal
nutrition remains important during the pre-pregnancy
period, even though the specific effects of antioxidant
supplements on fertility outcomes remain uncertain.
For clinicians, this means antioxidant therapy can be
discussed on a case-by-case basis with appropriate
counseling on benefits and uncertainties.

Varicocele Repair

Varicocele remains one of the most common
correctable causes of male infertility worldwide (6, 34,
39, 45, 67-83). It was the only male condition for which
the WHO issued a positive treatment recommendation
(Table-5), reflecting both the quality of the available evi-
dence and the guideline’s public health scope.

Under a PICO framework, clinical varicocele
was found to be the primary male infertility condition for
which consistent, moderate-certainty evidence demon-
strates improvements in semen parameters and a prob-
able benefit in pregnancy rates when repair is performed
in appropriately selected men. Repair is suggested for

Int Braz J Urol. 2026; 52(3): €20260121

men with a clinical (palpable) varicocele, infertility, and
abnormal semen parameters, thus aligned with the rec-
ommendations provided by most male infertility guide-
lines (6, 18, 19, 21, 26). The overall certainty of evidence
was rated as moderate, sufficient to support a conditional
recommendation but not a strong one (Table-6).

The guideline states that microsurgical repair is
preferred when available, due to lower recurrence and
complication rates. However, in settings without micro-
surgical expertise, inguinal, retroperitoneal, or radiologi-
cal approaches remain acceptable alternatives. There-
fore, lack of access to microsurgery should not prevent
offering varicocele repair where clinically indicated.

In contrast, evidence for subclinical varicocele
remains inconclusive, with trials showing inconsistent
benefit and no reproducible improvement in natural or
assisted reproduction outcomes (84). The GDG there-
fore determined that recommending repair of sub-
clinical varicoceles would not meet the thresholds for
certainty, feasibility, or cost-effectiveness required for
global adoption. Similarly, the guideline refrained from
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making recommendations on other male infertility in-
terventions—such as hormonal therapy for idiopathic
infertility or pre-sperm retrieval for males with non-ob-
structive azoospermia—because evidence quality was
judged insufficient, heterogeneous, or primarily based
on surrogate outcomes, which limited their suitability for
global guidance.

By highlighting clinical varicocele, the WHO
provides a clear, implementable, and evidence-aligned
recommendation that can be applied across resource
settings. This targeted approach reduces unnecessary
testing and intervention, promotes appropriate use of
surgical and radiological resources, and reinforces the
importance of accurate physical examination as the cor-
nerstone for identifying clinically meaningful varicoceles.
For urologists, the WHO's focus on varicocele means that
repair remains a key intervention for selected men with
infertility and that decision-making should be individual-

ized and aligned with patient values. Furthermore, proper
diagnosis requires a clinical (not imaging-based) con-
firmation of varicocele, and counselling should address
realistic expectations regarding semen improvement and
timelines for attempting natural conception.

DISSEMINATION AND IMPLEMENTATION

Effective dissemination and implementation are
essential for translating the WHO infertility guideline
into meaningful improvements in care. Because infertil-
ity services are often fragmented and male evaluation is
inconsistently performed, the WHO frames implemen-
tation as a health-system strengthening exercise rather
than a simple distribution of recommendations.

The guideline is designed for global applicabil-
ity, and WHO supports its uptake by providing imple-
mentation tools, educational materials, and integration

Table 7 - Key Components of WHO Guideline Implementation for Male and Couple-Based Infertility Care.

Implementation Component

Summary of Application to Male Infertility Care

Dissemination Strategy

WHO distributes the guideline through regional offices, workshops, and digital platforms,

accompanied by implementation tools and educational materials.

National Adaptation

Countries contextualize recommendations based on local diagnostic capacity, surgical expertise,

laboratory infrastructure, and financing models. Male evaluation is explicitly included.

Primary-Level Integration

Frontline clinicians conduct structured history, focused exam, and semen analysis; address

reversible causes; and know when to refer. Ensures men enter the infertility pathway early.

Referral Pathways

Clear pathways established for referring men with persistent semen abnormalities, clinical

varicocele, endocrine concerns, or suspected genetic/obstructive causes.

Linkage to Existing WHO
Frameworks

Training and Capacity Building

Male infertility services integrated with STI guidelines, tobacco-cessation programs, sexual-
health services, and the WHO semen analysis manual.

Urologists and reproductive specialists support education of primary-care providers and help

establish minimal andrology laboratory standards.

Equity and Access

Implementation aims to reduce disparities by ensuring consistent male evaluation and

availability of basic diagnostic and therapeutic services.

Monitoring and Evaluation

Countries encouraged to track semen-analysis availability, adherence to diagnostic algorithms,

access to varicocele repair, and infertility-treatment outcomes, including pregnancies.
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pathways linking infertility care to existing reproductive
health platforms (Table-7). Countries are encouraged
to adapt—rather than merely adopt—the recommenda-
tions, ensuring that diagnostic capacity, referral sys-
tems, and treatment options reflect local realities. For
male infertility, this includes establishing reliable access
to semen analysis performed according to the WHO
manual; promoting structured history-taking and physi-
cal examination in primary care; and creating clear re-
ferral pathways for persistent abnormalities, varicocele,
or suspected endocrine or genetic causes.

Implementation also requires reinforcing the
connection between infertility care and other WHO
frameworks, including STI management, tobacco ces-
sation, and sexual-health services. Embedding male in-
fertility within these broader systems improves feasibil-
ity and equity by leveraging established infrastructures.
At the clinical level, the guideline encourages early
engagement of men through prevention counseling,
structured diagnostic assessment, and timely referral to
specialists. For urologists, this represents an opportu-
nity to lead national and local implementation efforts by
training frontline providers, helping develop context-ap-
propriate algorithms, and supporting the establishment
of basic andrology laboratory capacity.

Ultimately, effective implementation depends
on coordinated action among policymakers, clinicians,
educators, and health-system planners. By positioning
infertility—male and female—as a core component of
reproductive health, the guideline aims to reduce long-
standing disparities in access, ensure more consistent
evaluation of men, and lay the foundation for equitable
expansion of infertility services worldwide.

Gaps, Research Priorities, and Future Directions
The WHO guideline highlights significant gaps
in the evidence supporting male infertility care, many
of which limit the strength of recommendations and un-
derscore the need for more rigorous research. While the
guideline establishes a global minimum standard, sev-
eral domains remain insufficiently characterized—scien-
tifically, clinically, and from a public-health perspective.

Int Braz J Urol. 2026; 52(3): €20260121

A major gap concerns the limited evidence sup-
porting therapeutic interventions for male infertility be-
yond clinical varicocele repair. Despite widespread use
of hormonal therapies, including gonadotropins, selec-
tive estrogen receptor modulators, aromatase inhibi-
tors, and other empiric medications, high-quality trials
powered for pregnancy or live birth remain scarce (55,
85-93). Similarly, the evidence base for antioxidant sup-
plementation is highly heterogeneous, with inconsistent
formulations and reliance on surrogate endpoints rather
than meaningful reproductive outcomes.

Diagnostic limitations also persist. Convention-
al semen analysis provides essential baseline informa-
tion but does not capture molecular or functional sperm
attributes such as DNA fragmentation, chromatin archi-
tecture, epigenetic signatures, mitochondrial function,
or sperm-borne small RNAs. Validation and standard-
ization of these biomarkers are prerequisites for future
incorporation into guidelines.

From a public-health perspective, men remain
underrepresented in reproductive programs. Better evi-
dence is needed on how to engage men in preconcep-
tion care, deliver counseling effectively, and integrate
male services into primary care, STl programs, and
community health settings. Data on access, accept-
ability, equity, and the psychosocial dimensions of male
infertility are also lacking, especially in low- and middle-
income countries.

The WHO Evidence-to-Decision framework fur-
ther highlights priorities related to feasibility, cost-effective-
ness, equity, and patient values—domains in which male
reproductive health research is particularly thin. Address-
ing these gaps will be essential for future updates to the
guideline and for strengthening global standards of care.

Looking ahead, key research priorities (Table-8)
include validating molecular diagnostics, clarifying the
paternal contribution to embryo development, expand-
ing access to basic male infertility services, and improv-
ing the integration of male care within health systems.
These efforts will require coordinated contributions
from reproductive biologists, urologists, andrologists,
embryologists, public-health experts, and policymakers.
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Table 8 - Priority Research Areas to Strengthen the Evidence Base for Male Infertility Care.

Domain

Key Research Priorities

Diagnostic Advances

Validate molecular biomarkers (DNA fragmentation, chromatin structure, epigenetic signatures,
sperm RNA cargo).

Standardize assays and laboratory methods across settings.

Evaluate clinical utility and cost-effectiveness of expanded sperm testing.

Therapeutic
Interventions

Conduct randomized trials powered for pregnancy and live-birth outcomes for hormonal therapy,
empiric medications, and antioxidants.

Assess which patient subgroups may benefit from targeted treatments.

Compare treatment pathways across resource settings.

Oxidative Stress &
Antioxidants

Standardize antioxidant formulations and dosing.
Link oxidative-stress biomarkers to reproductive outcomes.
Clarify potential harms (e.g, reductive stress).

Varicocele
Management

Evaluate long-term outcomes of different surgical and radiological techniques.
Assess effectiveness in subgroups (e.g, borderline semen parameters, elevated sperm DNA
fragmentation, various clinical varicocele grades).

Male Preconception

Identify effective strategies for engaging men in lifestyle modification, tobacco cessation, and STI

Health prevention.

Assess effectiveness of interventions according in terms of quality of life and pregnancy outcomes
Evaluate implementation models for preconception counseling in diverse settings.

Public Health & Health
Systems

Characterize barriers to male infertility care globally.
Assess equity, acceptability, and feasibility of male-focused services.

Develop scalable models for integrating male infertility into primary care and STI programs.

Psychosocial
Dimensions

Study the mental-health, relational, and social impacts of male infertility.
Develop and validate support interventions tailored to men and couples.

Embryo Development
& Paternal Biology

Investigate associations between paternal health, sperm molecular signatures, early
embryogenesis, and pregnancy outcomes.

Clarify paternal contributions to miscarriage, implantation failure, and offspring health.

CONCLUSIONS

The 2025 WHO Guideline for the Prevention, Di-
agnosis, and Treatment of Infertility marks the first global
framework to address both male and female infertil-
ity within a unified public-health strategy. By defining
minimum standards for prevention, diagnosis, and
treatment applicable across all resource settings, the
guideline establishes a framework that underscores
the importance of male reproductive health. For cli-
nicians working in male infertility, the guideline pro-
vides a clear foundation: prevention through modi-

fiable risk reduction, standardized semen analysis
following WHO laboratory manual methods, struc-
tured history and physical examination, and timely
referral to urologists when abnormalities persist. At
the same time, the guideline acknowledges its scope
limits. It is not a specialty practice document—and is
not intended to replace the more detailed andrology-
focused guidelines that address condition-specific
evaluation and management. It also highlights major
evidence gaps, particularly in molecular diagnostics,
targeted treatments, oxidative stress, and the broader
psychosocial and health-system dimensions of male
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infertility. Importantly, the guideline reframes male
infertility as both a reproductive and a public-health
concern. The emphasis on early counseling, lifestyle
modification, STI prevention, and couple-based care
aligns with growing biological evidence linking pater-
nal health to fertilization, embryo development, and
pregnancy outcomes. This perspective encourages a
shift from reactive to preventive male reproductive
health. Lastly, by integrating feasibility, equity, and
scientific rigor, the guideline provides a foundation
for clinicians, researchers, and policymakers to build
on. Its implementation has the potential to advance
reproductive equity, improve diagnostic consistency,
and ensure that men worldwide receive timely, struc-
tured, and evidence-aligned care. Strengthening the
male infertility evidence base will be essential for fu-
ture updates and for advancing reproductive equity
worldwide.
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APPENDIX

Figure 2 - WHO template for the standardized male reproductive history and physical examination.

Components of male medical
history and physical
examination’

Personal information

Full name

Date of birth Age

Address

Contact
information
(phone, email)

Occupation

Marital or
relationship
status

Relevant dates for evaluation

Date of Date Month Year

history

taking

Date of birth | Date Month Year Date of birth | Date Month Year
of male of female

partner partner
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Infertility history

Infertility

Duration of infertility/attempting to achieve
pregnancy

If secondary, months since last impregnation

Previous investigation (s) and/or treatments
for infertility

Contraceptive methods used

Previous pregnancy

Previous miscarriage

O Primary [J Secondary
years
months

O No [Jves

If yes, please specify:

Please specify:

Duration of contraception use:

(J Current partner (J Another partner

(J Current partner [(J Another partner

Treatments/evaluations of the female partner  Please specify:

1. Sexual history

Sexual activity and practices

Frequency of sexual activity (J Regular (J Irregular [ Rarely

Timing of intercourse

Erectile dysfunction

Ejaculatory dysfunction

Pain during intercourse

Presence of sexual anxiety

Stress

Psychological barriers to sexual function

Use of sexual performance enhancers or
lubricants

Prolonged abstinence

Perceived quality of sexual activity

Previous or current sexual dysfunction

[J Spontaneous [J Around ovulation

[ Yes [ No

[J Normal [J Inadequate
[ Yes [ No

[ Yes [ No

[ Yes [ No

[ Yes [ No

[ Yes JNo

[ Yes [ No

[ Yes [ No

If yes, please specify duration:
_ days months
[J Normal [J Inadequate
[ Yes [ No

2. Childhood and development history

Pubertal development
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Age at onset of puberty:
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Sexual development

(J Normal (] Delayed

History of undescended testicle (] Yes [J No
(] Left [J Right
Treatment of undescended testicle [ Yes [J No
[J Medical (J Surgical
Epispadia (] Yes O No
Hypospadia [ Yes [J No
Pathology possibly causing testicular [ Yes [J No
damage Injury O Left [ Right
Torsion O Left [ Right
Orchitis: mumps [ Left [ Right
Orchitis: other [ Left [ Right
3. Medical history
a. History of disease [J None
(] Diabetes [J Hypertension
(] Thyroid disorders [J Autoimmune diseases
[(J Neurologic disease [J Fibrocystic of the pancreas

b. History of infection

High fever in past 6 months

Urinary infection

Epididymitis

Orchitis

Sexually transmitted disease (STI)

Treatment for STIs

Symptoms of current infection

(] Chronic respiratory tract disease [ Tuberculosis (or exposure)
[J Other, please specify:

[J None

(] Yes [JNo
(] Yes [J No
(] Yes [JNo
If yes, specify:

[ Left [J Right
[ Yes [JNo
If yes, specify:

[ Left [J Right
[J Yes [JNo

[J Syphilis [J Gonorrhoea [J Chlamydia
[J Other, specify:

[ Yes [J No
If yes, specify treatment:
[ Yes 0 No
[(J Discharge [ Testicular pain (] Fever

[J Other, specify:
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c. History of surgery

Retroperitoneal and/or pelvic
surgery

Inguinal, scrotal or perineal
surgery

Sperm retrieval

Bariatric, bladder, or prostate
surgery

Cranial surgery

Spinal surgery

Urethral and genital reconstruction
Hernia treatment

Sympathetic nervous system
surgery

d. Occupational history
Current occupation
Duration

Work environment

Exposure to

Exposure to chemicals

Exposure to radiation
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(J None

(J Prostrate

(] Herniorraphy

[J Inguinal hernia repair
(] Hydrocele

[] vasectomy

(] Epididymal cyst removal

[J PESA
[J MESA
(] Electroejaculation

(] Bariatric surgery

(] Pituitary surgery

(] Spinal cord surgery
(] Hypospadias repair
[ Yes (] No

(] Sympathectomy
(] Other, please specify:

(J Bladder neck

(] Orchiectomy

[J varicocele repair
[] Testicular surgery
[J vasectomy reversal

[J TESE
[J Penile vibratory stimulation

(J Transurethral resection of
the prostate (TURP)

[J Urethral structures surgery

Specify:

years
(J Indoors

[J Extreme temperatures
(J Poor ventilation

(J Solvents

(J Outdoors

months

(J Noise

[J Heavy metals

(] Toxic substances at work
If yes, specify the substances:

(] Yes [ No
If yes, specify the source/type:

If yes, specify if doses were above recommended occupational levels

(J Yes (J No

25/28



e. History of gonadotoxic
medication

Prescription medications

f. Lifestyle History
Physical activity

Diet

Smoking or use of tobacco products
including electronic cigarette?

Number of cigarettes

Consumption of alcohol

Use recreational drugs?

Recent stressors or changes in life

g. Family history
Infertility in the family

Genetic or hereditary conditions

Endocrine diseases

Int Braz J Urol. 2026; 52(3): €20260121

(J R-blockers
(J Finasteride
(] Opioids

(J Calcium blockers
[J Serotonin reuptake inhibitors
(J Anabolic steroids

[J Chemotherapy

[J Immunosuppressants (e.qg.
glucocorticoids, calcineurin

inhibitors)

[J Anti-epileptic drugs (AEDs)
[J Selective serotonin reuptake

inhibitors (SSRIs)
(J Thiazide

[J Cimetidine

[J Allopurinol

[J Sulfasalazine
[J Colchicine

[J Nitrofurantoin

(] Other, specify:

[J Regular [(JIrregular  [J Rarely

[JBalanced [ High-protein [ Vegetarian

[J Vegan [ Keto (] Mediterranean

[(J Processed  [J Please specify:

[ Yes [ No

Per day: Number of years smoking:

[ Yes [ No

Ifyes, how often: [J Regular [ Irreqular [J Rarely
How much? (units/week)

[J Yes [J No

If yes, which ones (specify):

Frequency: (] Regular (] Irregular (] Rarely
[J Yes [J No

If yes, specify:

[ Yes [ No

[ Cystic fibrosis [J Kartagener syndrome

[J Varicocele

(] Other, specify:

[ Yes (] No

If yes, specify:
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4. General physical examination

Height (cm)

Weight (kg)

General physical examination

Signs of virilization

BMI

Blood pressure (mmHQ)

(J Normal Abnormal  [J Hypoandrogenism
[J Hyperandrogenism

(J Normal Abnormal [ Testicular enlargement
[J other, specify:

5. Uro-genital examination

Penis

Testes
Palpable in the scrotum

Palpable in inguinal region

Volume (ml)

Device used for measurement

Epididymis

Vas deferens

Spermatic cord/Scrotum

Varicocele

Inguinal examination

[J Normal (J Scars [J Hypospadias
(J Plaques (J Epispadias  [J Curvature
(J other, specify:

Side:
[J Both palpable [J Abnormal
[ Both palpable (J Abnormal
[J Both palpable (J Thickened
[J Cystic/Nodule
(] Tender
Left: Right:

[J Prader orchidometer
(J pachymeter [J Other

[J Both normal [J Thickened
[ Cystic
[ Tender

[J Both normal [(J Non palpable
[J Thickened

(J Normal [J Hydrocele
[ Hernia

[J Normal (] Grade I1I
(] Grade II
[ Grade
[ Subclinical

[J Normal [J Lymphadenopaty
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Left - Right
LO RO
LO rO
LO RO
L rO
LO rO
LO RO
LO rO
LO rRO
LO RO
LO RO
LO rO
LO RO
L rO
LO RrO
LO rRO
LO RO
LO rO



Scrotal skin [J Normal [ Infectious scars LOO RO
[J Surgical scars LOJ RO
Rectal examination
Prostate [J Normal [J Soft swelling [J Tender
[J Hard swelling [J Other
(] Palpable [J Abnormal
Seminal vesicles [J Normal [J Soft swelling (] Tender
[J Hard swelling [J Other

[J Palpable [J Abnormal

6. Additional information

The figure provides a structured format for clinical assessment of the male partner, encompassing (i) Medical, developmental, and surgical
history (including puberty, cryptorchidism, infection, systemic diseases), (ii) Lifestyle and occupational exposures (tobacco, alcohol,
toxins, medications), (iii) Family and reproductive history, (iv) Physical examination, including virilization status, testicular volume (e.g,
Prader orchidometer), palpation of epididymides and vasa deferentia, and varicocele diagnosis and grading. This standardized template
promotes uniform documentation, improves diagnostic reproducibility, and supports clinician training and data harmonization across
diverse health-care systems. Reprinted from: Guideline for the prevention, diagnosis and treatment of infertility. Geneva: World Health
Organization; 2025.

License: CC BY-NC-SA 3.0 IGO; https://creativecommons.org/licenses/by-nc-sa/3.0/igo)
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Safe to Spare? Predictors of Oncological Safety for
Nerve-Sparing Technique during Robot-Assisted Radical
Prostatectomy in High-Risk Prostate Cancer. Insight from

a High-Volume Center with Centralized mpMRI Review

| ORIGINALARTICLE_

Luca Lambertini !, Fabrizio Di Maida ', Giulia Carli !, Antonio Andrea Grosso ', Sofia Giudici ', Anna
Cadenar ', Simone Sforza ', Daniele Paganelli !, Filippo Lipparini ', Neliana Kucuku ', Rossella
Catanzaro ', Francesca Conte !, Francesco Lupo Conte ', Matteo Salvi !, Simone Agostini ?, Fausto
De Nisco ?, Gabriella Nesi 3, Rino Oriti !, Gianni Vittori |, Andrea Minervini ', Andrea Mari '

" Department of Experimental and Clinical Medicine, University of Florence - Unit of Urology and Andrology, Careggi Hospital,
Florence, Italy; 2 Department of Radiology, Azienda Ospedaliero-Universitaria Careggi, Firenze, Italy; * Department of Health

Sciences, Division of Pathological Anatomy, University of Florence, Florence, Italy

ABSTRACT

Objective: To evaluate patterns and imaging-based predictors of positive surgical margins
(PSMs) in patients with high-risk prostate cancer (PCa) undergoing nerve-sparing (NS) robot-
assisted radical prostatectomy (RARP).

Materials and Methods: We retrospectively analyzed 1,235 consecutive patients with high-
risk PCa treated with RARP between 2022 and 2024 at a high-volume tertiary referral center.
Among them, 533 patients underwent preoperative multiparametric MRI (mpMRI) reviewed
by two expert uro-radiologists and MRI-ultrasound fusion biopsy. A per-side analysis was per-
formed to identify predictors of ipsilateral PSMs in cases where neurovascular bundle (NVB)
preservation was attempted. Biochemical recurrence (BCR) was assessed, and multivariable
logistic regression was used to determine independent predictors of PSMs.

Results: Overall, 36.1% of patients underwent non-nerve-sparing surgery, 49.5% unilateral NS,
and 14.4% bilateral NS. Nerve sparing was performed on 418 surgical sides, with ipsilateral
PSMs detected in 90 (21.5%). Sides with and without PSMs showed comparable nerve-sparing
techniques (intra- vs interfascial) and similar 3-year BCR-free survival rates (68% vs. 69%) at a
median follow-up of 36 months, although earlier biochemical failure at lower PSA thresholds
was more frequent in PSM-positive sides. On multivariable analysis, larger prostate volume,
apical tumor location, peripheral zone involvement, greater lesion diameter, and extracapsular
extension on mpMRI were independently associated with an increased risk of ipsilateral PSMs.
Conclusions: Nerve-sparing RARP may be feasible in carefully selected high-risk PCa pa-
tients. The integration of mpMRI-based predictors can enhance patient selection, optimizing
the balance between oncologic safety and functional preservation. Prospective studies are
warranted to validate these findings and minimize selection bias.
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INTRODUCTION

During the constant evolution of urologic sur-
gery, the primary objective of radical prostatectomy
(RP) has always been to eradicate prostate cancer (PCa)
while striving to maintain the functionality of the pelvic
organs whenever feasible (1). In this scenario, a nerve-
sparing (NS) technique plays a key role in erectile func-
tion and might positively affect postoperative urinary
continence (2), also potentially leading to positive sur-
gical margins (PSM) and, therefore, biochemical recur-
rence (BCR) (3). Currently, the European Association of
Urology (EAU) guidelines do not define strong recom-
mendations over neurovascular bundle (NVB) preserva-
tion, only suggesting avoiding NS surgery when thereis a
clinical risk of ipsilateral extra-capsular extension (ECE)
based on clinical staging, biopsy Gleason score or mul-
tiparametric magnetic resonance imaging (mpMRI) (4).
To date, few large retrospective studies failed to confirm
significant correlations between NVB preservation and
BCR, risk of metastasis or mortality (5), even in high-risk
patients with a baseline PSA over 20 ng/mL (6). These
findings are possibly driven by several specific advance-
ments in the urological surgery panorama. Particularly,
Robot-assisted RP (RARP) enables us to perform a me-
ticulous nerve-sparing also minimizing positive surgical
margins (PSM), with a short learning curve supporting
its global adoption (7). Indeed, the surgeon experience
remains critical to minimizing PSM, particularly during
nerve-sparing procedures where oncologic control and
functional preservation must be carefully balanced (8).
Moreover, a careful assessment of the MRI images also
allows surgeons to better forecast and avoid potential
areas of ECE, thereby reducing the likelihood of PSM (9).
Three-dimensional models offer enhanced tumor and
gland visualization, yet their application remains largely
confined to research and has not been widely adopted
in routine clinical practice (10).

The feasibility of nerve-sparing approaches in
borderline cases, such as those involving high-risk (HR)
patients, remains underexplored with limited studies ad-
dressing this critical aspect of surgical decision-making.
An incremental NS technique, tailored according to the
risk group, has been proposed for RARP (11). However,
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the direct impact of this approach on PSM and BCR re-
mains unclear.

The aim of this study was to identify predic-
tors of ipsilateral positive surgical margins in patients
undergoing NS-RARP for high-risk PCa in a novel per-
side fashion, based on side-specific mpMRI features in
selected patients treated with RARP for HR-PCa in a ter-
tiary referral institution, where the diagnostic process,
including mpMRI and fusion biopsy, was centralized.

MATERIALS AND METHODS

Study Design

After Institutional Review Board approval,
we retrospectively analyzed a consecutive cohort of
patients treated with robot-assisted radical prosta-
tectomy (RARP) for high-risk prostate cancer (PCa)
between January 2020 and April 2023 at our tertiary re-
ferral center. Among this overall surgical population, a
predefined subset of patients underwent preoperative
multiparametric magnetic resonance imaging (mpM-
RI) performed and centrally reviewed at our institution
by two expert uro-radiologists, as well as MRI-ultra-
sound fusion biopsy. The present study and all subse-
quent per-side analyses were restricted to this mpMRI-
reviewed subgroup, which constituted the analytical
cohort for side-specific evaluation of nerve-sparing
decisions and ipsilateral positive surgical margins.

Main inclusion criteria were as follows: 1) high-
risk PCa according to the EAU risk groups for biochem-
ical recurrence (4); 2) mpMRI performed and evaluated
or re-evaluated by two expert uro-radiologists (S.A,,
F.D.N.) at our Center; 3) MRI-ultrasound fusion biopsy
performed by expert urologists or uro-radiologists at
our center or ; 4) having completed a minimum of 24
months follow-up.

Main exclusion criteria were as follows: 1) Previ-
ous therapy for PCa, including RT, focal therapy or an-
drogen deprivation therapy (ADT); 2) Evidence of distant
metastasis, including non-regional lymph nodes, at preop-
erative conventional staging, consisting in bone scintigra-
phy (BS) and computed tomography (CT), or PET-PSMA.
These exams were performed in all included patients; 3)
mpMRiI or ultrasound fusion biopsy performed in another
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center or performed at our center by other operators with
limited expertise.

Included patients were stratified according to
the preservation of bundle: radical (Group A), monolat-
eral nerve-sparing (NS) (Group B), bilateral NS (Group C).

Surgical technique

All procedures were performed by four experi-
enced surgeons (=100 RARP), with a standard six ports
transperitoneal configuration. The Da Vinci surgical sys-
tem Si, X or Xi (Intuitive Surgical, Sunnyvale, CA, USA)
were used throughout the cases. In case of anticoagu-
lant/antiplatelet (AC/AP) therapy, its suspension, re-
placement or maintenance was agreed with the anes-
thesiologist and the patient. An anterograde approach
was chosen in all cases. Concomitant standard pelvic
lymph node dissection (PLND) was performed in all
cases according to standard anatomical landmarks, in-
cluding the removal of lymphatic tissue along the exter-
nal iliac vessels, within the obturator fossa, and around
the internal iliac vessels. NS was performed with an
intrafascial dissection between the peri-prostatic veins
and the pseudocapsule of the prostate, or interfascial
dissection along the peri-venous plane; or extrafascial
dissection.

According to demographic, clinical and patho-
logical features, NS side and technique were performed
according to surgeon preference, also discussed and
agreed with the patient prior to the surgery. The deci-
sion to perform NS or radical dissection was based on
surgeon discretion and intraoperative judgement, which
inevitably introduces selection bias. This limitation was
acknowledged and considered in statistical interpreta-
tion. Change of strategy of NS technique during treat-
ment was also reported. Pelvic drainage was placed at
the end of the procedure at surgeon'’s discretion. A 18Ch
Foley catheter was inserted during the procedure in all
cases. Catheter removal was scheduled according to
the surgeon's judgment.

Covariates and outcomes

The following clinical, imaging, and pathologi-
cal variables were prospectively collected: patient age,
body mass index (BMI), Charlson Comorbidity Index
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(CCI), presence of hypertension or diabetes mellitus,
smoking status (categorized as current, former, or
never smoker), history of previous transurethral re-
section of the prostate (TURP), and previous major
abdominal surgery. Preoperative evaluation included
serum prostate-specific antigen (PSA) levels and find-
ings on digital rectal examination (DRE) performed by
the attending urologist. Multiparametric MRl (mpMRI)
parameters included prostate volume, Prostate Imag-
ing Reporting and Data System (PI-RADS) score of
the dominant lesion, maximum diameter of the index
lesion, anatomical location (apex, mid-gland, base),
and zonal distribution (anterior, peripheral, transition-
al zones). Radiological features suggestive of ECE and
SVI were systematically assessed, with ECE defined
by the presence of neurovascular bundle asymmetry,
capsular bulge or irregularity, measurable extracap-
sular disease, or obliteration of the recto-prostatic
angle on high-resolution T2-weighted images, and
SVI based on direct tumor extension into seminal
vesicles, low signal intensity, or abnormal contrast
enhancement. In the absence of these features, or-
gan-confined disease was assumed. Biopsy variables
included ISUP grade group assignment according to
the modified Gleason scoring system endorsed by
the 2005 and 2014 ISUP consensus conferences, and
clinical staging (cT and cN) were determined based
on DRE and imaging findings. PSA persistence was
defined as a prostate-specific antigen level >0.1 ng/
mL measured at the first postoperative assessment,
4-6 weeks after surgery. Biochemical failure (BCF)
was defined as the first occurrence of PSA >0.1 ng/
mL at any time during follow-up, thereby capturing
early biochemical progression and necessarily in-
cluding patients with PSA persistence. Biochemi-
cal recurrence (BCR) was defined as a PSA >0.2 ng/
mL confirmed on two consecutive measurements,
in accordance with European Association of Urol-
ogy guidelines, and was used to estimate biochemi-
cal recurrence-free survival. BCF and BCR represent
distinct, non-mutually exclusive oncologic endpoints
evaluated at different PSA thresholds and with differ-
ent confirmation requirements; therefore, their pro-
portions are not expected to sum to 100%. Ul was de-
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fined as the use of >1 pad per day. ED was defined as
an lIEF-5 score <12 (moderate or severe).

Follow-up

First postoperative assessment included cath-
eter removal, Kegel exercises were routinely illustrated
concomitantly. Therefore, a postoperative assessment
was scheduled approximately 30 days after surgery,
and included clinical, histopathological and laboratory
evaluation. Patients interested in erectile function recov-
ery who underwent NS-RARP were provided with PDE5i
treatment, which was offered free of charge by the Na-
tional Health System (12)The International Index of Erec-
tile Function-5 (lIEF-5) was self-administered to assess
sexual function. Therefore, patients were followed up
at 3, 6 and 12 months postoperatively, and then twice a
year. Total PSA, urinary incontinence (Ul) and erectile
disfunction (ED) were evaluated.

Statistical analysis

Continuous variables are presented as medi-
an (IQR: interquartile range) and differences between
groups were tested by Student's independent t-test or
Mann-Whitney U-test according to their normal or non-
normal distribution, respectively (normality of variables’
distribution was tested by Kolmogorov-Smirnov test).
Proportional data were assessed using Pearson’s Chi-
square test. Per-patient and per-side analyses were
performed to evaluate PSM rate. Oncologic outcomes
were evaluated on a per-patient analysis. Univariate and
multivariate logistic regression analyses (MVA) were
performed to identify independent predictors for clini-
cally meaningful outcomes. Candidate variables includ-
ed PSA, DRE findings, clinical T stage, and all mpMRI-
derived features. Collinearity diagnostics were assessed
using Variance Inflation Factors (VIF > 5) and Spear-
man'’s correlation. PSA and DRE were found to be highly
correlated with MRI-derived markers (ECE and lesion
diameter) and clinical T stage (VIFs = 4.8-5.1), leading to
their exclusion from the final model to prevent multicol-
linearity. A sensitivity multivariable model including PSA
and DRE is presented in Supplementary Table-1. Statis-
tical significance was set as p <0.05. Of note, all sub-
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sequent per-side analyses were conducted exclusively
within the subgroup of patients who underwent central-
ized mpMRI review and fusion biopsy at our institution,
as detailed in the Methods section. Statistical analysis
was performed using SPSS v. 27 (IBM SPSS Statistics for
Mac, Armonk, NY, IBM Corp).

RESULTS

Overall, 533 patients were included in the study.
Median patient age was 69 years (IQR: 64-73), and me-
dian Charlson Comorbidity Index (CCI) was 3 (IQR: 2-4).
Median body mass index (BMI) was 25.7 kg/m? (IQR:
23.9-27.8). Most patients had hypertension (72%) or
diabetes mellitus (63%), with fewer having undergone
previous major abdominal surgery (18%) or previous
endoscopic treatment for benign prostatic obstruc-
tion (6.6%). Median baseline PSA was 7.4 ng/mL (IQR:
5.4-11), and DRE was positive in 82% of cases. RARP for
HR PCa was performed either radically in 192 (36.1%), or
with monolateral or bilateral NS in 264 (49.5%) and 77
(14.4%) patients, respectively (Supplementay Table-2).
By dividing patients for the type of NS approach, a high-
er median age recorded in the radical group (p=0.01)
was found compared to the Monolateral and Bilateral
NS groups. Moreover, the radical group showed a sig-
nificative higher rate of positive DRE and of clinical ECE
at mpMRI (p=0.01 and p=0.02, respectively) compared
to the counterparts. Baseline comorbidity burden, as-
sessed by the Charlson Comorbidity Index and the prev-
alence of hypertension and diabetes mellitus, was com-
parable across nerve-sparing groups and is detailed in
Table-1. For interpretability, CCl was also categorized as
0-2, 3-4, and >5. Functional outcomes (continence and
erectile recovery) were stratified according to NS sta-
tus, showing superior recovery in NS patients, although
baseline functional status may have influenced surgical
choice. These differences underscore the presence of
selection bias, as patients with more adverse clinical
features were more often managed with a radical ap-
proach. At per-side analysis, nerve-sparing was applied
to 418 sides during RARP, with PSM identified in 90
(21.5%) of these sides. Sides with PSM exhibited larger
median lesion diameters on mpMRI compared to those
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Table 1 - Baseline, clinical and pathological preoperative features of patients with High risk PCa treated with

Robot Assisted Radical Prostatectomy (RARP).

Characteristics Overall Bilateral Monolateral NS Bilateral NS p-value?
N =533 Radical N = 264' N=77
N = 1921
Age years, median (IQR) 73 (66-77) 75 (69-79) 73 (64-76) 67 (62-71) 0.04
BMI (kg/m2), median (IQR) 257 (23.9- 26.3 (221- 23.8 (21.6-27.6) 281 (24.2- 0.3
278) 29.9) 31.2)

CCl, median (IQR) 0.8

0-2 229 (43) 89 (46) 109 (42) 31(41)

3-4 298 (56) 101 (52) 152 (57) 45 (58)

>5 6 (1) 2(2) 3() 1(1)
Hypertension, n (%) 384 (72%) 142 (74%) 187 (71%) 55 (71%) 0.6
Diabetes mellitus, n (%) 336 (63%) 120 (63%) 171 (64%) 45 (61%) 07
Previous endoscopic surgery for BPO, n (%) 35 (6.6%) 13 (6.7%) 18(6.8%) 4(51) 0.2
Previous major abdominal surgery, n (%) 95 (18%) 35 (18%) 44 (16%) 16 (20%) 0.12
Preoperative PSA, median (IQR) 74 (54-1) 9.1(6.7-13.2) 7.2 (61-10) 5.9 (4.6-9) 0.08
Positive DRE, n (%) 437 (82%) 184 (95%) 213 (81%) 40 (52%) 0.01
Prostate Volume (cc), median (IQR) 52 (38-67) 54 (34-63) 49 (33-72) 42 (28-58) 0.18
Main lesion dimension at MRI, median (IQR) 19 (12-18) 21(16-29) 18 (10-22) 9 (7-14) 0.01
Extracapsular estension, n (%) 202 (38%) 95 (49%) 88 (33%) 19 (24%) 0.01
Seminal Vescicles Invasion, n (%) 64 (12%) 26 (13.5%) 32 (12%) 6 (7.7) 0.06

BMI = Body Mass Index; BPO = Benign Prostatic Obstruction; CCI = Charlson Comorbidity Index, PSA = Prostate Specific Antigen; DRE = Digito-

Rectal Examination

' Values are reported as median (interquartile range) or number (percentage), as appropriate.

2 p-values were calculated using Mann-Whitney U test, Student's t-test, or Chi-square test, as appropriate.

free of PSM (18 mm [IQR: 10-22] vs. 12 mm [IQR: 10-16],
p=0.01) and a greater frequency of lesions >15 mm (44%
vs. 27%, p=0.02). Additionally, PIRADS 5 lesions were
more prevalent on sides with PSM compared to sides
without (44% vs. 24%, p=0.02). Apical lesion location
was markedly more frequent in sides with PSM (58%
vs. 26%, p=0.01), while mid (19% vs. 31.7%) and basal
locations (23% vs. 42.3%) were less common (p=0.01).
The presence of extracapsular extension (ECE) (44% vs.
27%, p=0.001) and seminal vesicle invasion (SVI) (21%
vs. 12%, p=0.01) at mpMRI were higher in sides harbor-
ing PSM. Histological assessment confirmed pathologi-
cal ECE was more frequent among sides with PSM (75%
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vs. 53%, p=0.01). Other relevant MRI and biopsy charac-
teristics are detailed in Table-2.

Regarding perioperative outcomes, median
operative time was 165 minutes (IQR: 124-193), with
slightly longer operative durations observed for sides
with PSM compared to those without (183 vs. 161 min-
utes, p=0.08). An intraoperative switch of nerve-spar-
ing technique was recorded in 9.1% of cases, occur-
ring more frequently in sides subsequently harboring
positive surgical margins (21.0% vs. 6.1%, p=0.015),
with the most common modification being from an
intrafascial to an interfascial dissection.

Pathological staging demonstrated that pT3a
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Table 2 - Magnetic Resonance Imaging (MRI) and pathological preoperative features of patients with High
risk PCa treated with Nerve Sparing Robot Assisted Radical Prostatectomy (RARP).

Characteristic Overall NO PSM same PSM same side p-value?
N = 418' side N =90
N = 328'
Prostate Volume (cc), median (IQR) 45 (33-59) 48 (34-63) 45 (33-72) 0.13
Prostate Volume >80cc, n(%) 54 (13%) 34 (10.4%) 20 (22.2%) 0.01
PIRADS 5 0.02
(same side of bundle preservation), n (%)
Yes 118 (28%) 78 (24%) 40 (44%)
PIRADS >15mm 0.02
(same side of bundle preservation), n (%)
Yes 127 (30%) 88 (27%) 39 (44%)
Main lesion dimension at MRI, median (IQR) 14 (12-18) 12 (10-16) 18 (10-22) 0.01
PIRADS location, n (%) 0.01
Apex 137 (33%) 85 (26%) 52 (58%)
Mid 121 (29%) 104 (31.7%) 17 (19%)
Base 160 (38%) 139 (42.3%) 21(23%)
PIRADS zone lesion, n (%) 0.001
Anterior 21(5%) 14 (4.3%) 7 (8%)
Periferic 322 (77%) 267 (76%) 55 (61%)
Transitional 75 (18%) 47 (19%) 28 (31%)
Extracapsular estension, n (%) 129 (31%) 89 (27%) 40 (44%) 0.001
Seminal Vescicles Invasion, n(%) 18 (9%) 7 (21%) 1 (12%) 0.01
ISUP grade, at biopsy, n (%) 0.06
4 374 (89%) 296 (90%) 78 (86%)
5 44 M%) 32 (10%) 12 (14%)
Clinical T stage, n(%) 0.2
clle 79 (19%) 62 (19%) 17 (18%)
cl2a 80 (19%) 65 (20%) 15 (16%)
cT2b 9 (2%) 7 (2%) 2 (2%)
cT2¢ 183(44%) 134 (41%) 49 (51%)
cT3a 58 (14%) 46 (14%) 12 (13%)
cT3b 9 (21%) 8(2.2%) 1(2%)
cN, n(%) 0.6
cNO 391 (93%) 307 (94%) 82 (91%)
cN1 27 (7%) 21(6%) 8 (9%)

! Values are reported as median (interquartile range) or number (percentage), as appropriate.

% P-values were calculated using Mann-Whitney U test, Student's t-test, or Chi-square test, as appropriate.
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Table 3 - Perioperative, pathological and follow-up features of patients with high risk PCa treated with RARP
with neurovascular bundle preservation.

Characteristic Overall NO PSM same PSM same side p-value?
N = 418' side N =90'
N = 328
Operative Time (min), median (IQR) 165 (124-193) 161 (111-181) 183 (158-203) 0.08
Estimated blood loss (mL), median (IQR) 200 (100- 350) 200 (80-300) 220 (120-400) 0.2
Intraoperative Complications, n. (%) 6 (1.3%) 4 (1.2%) 2(2.2) 0.12
Intraoperative switch of NS technique, n % 0.014
from intrafascial to interfascial NS 32 (7.7%) 15 (4.6%) 17 (18.8%)
from intrafascial to extrafascial NS 5 (1.2%) 4 (1.2%) 1(1.1%)
from interfascial to extrafascial NS 1(0.2%) 1(0.3%) 0 (0%)
Nerve sparing technique performed, n. (%) 0.08
Intrafascial 84 (20.1%) 46 (14%) 17 (18.8%)
Interfascial 328 (78.5%) 266 (81.1%) 62 (68.9%)
Extrafascial 6 (1.4%) 5 (1.5%) 1(1.1%)
Time to drainage removal (days), median (IQR) 1(1-2) 111-2) 101-2) 0.9
Length of stay (days), median IQR 3(2-4) 3(2-4) 3(2-4) 0.9
Pathological T stage, n (%) 0.01
pT2 64 (15%) 54 (17%) 10 (11%)
pT3a 235 (57%) 174 (53%) 61(75%)
pT3b M (27%) 92 (29%) 19 (21%)
Pathological N stage, n. (%) 0.2
pNO 384 (92%) 302 (92%) 77 (86%)
pN1 34 (8%) 26 (8%) 13 (14%)
PSA persistence, n. (%) 17 (4.1%) 12 (3.7%) 5 (5.5%) on
Biochemical failure, n. (%) 211 (50.4%) 165 (50.3%) 46 (511%) 0.09
3 Years Biochemical Recurrence Free Survival, 284 (68%) 222 (68%) 62 (69%) 0.8
n (%)
Time to BCF (months) 6 (1-12) 6 (3-12) 4(1-9) 0.07
Follow up (months), median (IQR) 36 (24-40) 36 (24-40) 32 (20-40) 0.08

Min = minutes; IQR = Inter Quartile Range; BCF = Biochemical failure
!Values are reported as median (interquartile range) or number (percentage), as appropriate.
2 P-values were calculated using Mann-Whitney U test, Student's t-test, or Chi-square test, as appropriate.
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tumors occurred more frequently in sides with PSM
compared to those without (75% vs. 53%, p=0.01), while
the rates of pT2 and pT3b stages were lower or compa-
rable (Table-3). Among nerve-sparing techniques, in-
terfascial dissection was the most adopted approach
(85%), whereas intrafascial dissection was used in 15%
of cases, with no significant difference according to PSM
occurrence (p=0.08). Biochemical failure (PSA >0.1 ng/
mL during follow-up) occurred in 211/418 sides (50.4%),
with a slightly shorter median time to biochemical fail-
ure in sides with PSM (4 months [IQR: 1-9]) compared
with those without PSM (6 months [IQR: 3-12], p=0.07),
consistent with Table-3. In terms of 3-year biochemical-
recurrence-free survival, no significant differences were
observed between sides without and with PSM (68%
vs 69%, p=0.8). At multivariable analysis, larger prostate

volume (OR: 1.02; 95% ClI: 1.01-1.03; p=0.01) and PIRADS
lesion diameter (OR: 1.01; 95% CI: 1.006-1.32; p=0.02), api-
cal lesion location (OR: 2.03; 95% CI: 1.23-3.37; p=0.01),
peripheral vs transitional zone lesion (OR: 3.22; 95% CI:
118-4.76; p=0.001) and ECE (OR: 4.19; 95% Cl: 2.89-6.86;
p=0.001) detected at MRI were independently associated
with the presence of PSM. In a sensitivity model including
PSA and DRE, neither variable was independently asso-
ciated with ipsilateral PSM (PSA p = 0.27; DRE p = 0.18),
and model discrimination (AUC = 0.80) was comparable
to the primary mpMRI-based model (AUC = 0.79), con-
firming the robustness of our findings. Other factors, in-
cluding ISUP grade 5 on target biopsy and intraoperative
switch of nerve-sparing technique, were not significantly
associated with positive surgical margins (Table-4).

Table 4 - Multivariable analysis assessing the clinical predictors of positive surgical margin on the same side of
neurovascular bundle preservation after Robot-Assisted Radical Prostatectomy for High-Risk Prostate Cancer.

Covariates OR 95%Cl p value
Prostate Volume (100cc) 1.02 1.01-1.03 0.01
PIRADS location

Base Ref

Mid 1.34 0.72 -2.45 0.2

Apex 2.03 123 -3.37 0.01
PIRADS zone lesion

Anterior Ref

Peripheral 3.22 118 - 4.76 0.001

Transitional 1.8 085-273 04
PIRADS dimension (mm) 1.01 1.006 - 1.32 0.02
ISUP >4 on target samples

No Ref

Yes 1.38 0.94-1.88 0.06
Extracapsular estension at MRI

No Ref

Yes 419 2.89-6.86 0.001
Intraoperative switch of NS technique (yes/no) 1.26 0.94-167 on

OR = Odds Ratio; Cl = Confidence Interval; MRl = Magnetic Resonance Imaging
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DISCUSSION

Preoperative mpMRI has been shown to impact
surgical planning by identifying laterality and extent of
disease, allowing refinement of the NS approach (13).
The NS surgery in HR-PCa remains a debated strategy
due to the increased risk of ECE and PSM (14). However,
advances in preoperative imaging and the precision of
RARP have broadened the indications for NS in selected
patients (15, 16). The EAU guidelines do not contraindi-
cate NS in HR-PCa but recommend avoiding it when
clinical or radiological predictors of ECE are present (4).
The novelty of our work lies in the per-side analytical
approach with centralized mpMRI review, allowing for
refined correlation between imaging predictors and ip-
silateral PSM.

High-quality evidence supporting the safety of
NS in HR-PCa remains limited, particularly in standard-
ized cohorts with centralized imaging and pathology re-
view (17,18). As a result, most available data on NS origi-
nates from low- or intermediate-risk populations, where
the oncologic risk is lower and functional preservation
is more routinely prioritized (19). In contrast, the applica-
tion of NS in HR-PCa is yet to be determined, despite
growing interest in surgical de-escalation strategies.
Evidence specific to HR-PCa, and particularly to side-
specific nerve preservation, is scarce. However, HR-PCa
is a heterogeneous entity, and in selected patients with
unilaterally localized lesions, wide bilateral excision may
be unnecessarily aggressive (20, 21). When imaging
confirms unilateral disease without features suggest-
ing ECE, unilateral or incremental NS may be a feasible
compromise. An mpMRI-based nomogram has been
developed to guide NS grade selection based on the
probability of ECE, offering a side-specific, risk-adapted
approach to optimize the balance between functional
recovery and oncologic control (22).

In this study, we evaluated the postoperative and
oncological outcomes of NS-RARP in a highly selected
cohort of patients with HR-PCa, treated in a tertiary re-
ferral center with centralized preoperative staging us-
ing mpMRI and fusion-targeted biopsy. All patients ful-
filled high-risk criteria according to EAU classification,
including ISUP grade group >4 (63.8%) or PSA >20 ng/

Int Braz J Urol. 2026; 52(3): €2020413

mL (23.8%), while 48.5% had clinical stage >T3a. Nerve
preservation was planned based on side-specific radio-
logical and pathological findings, allowing risk-adapted
surgical planning. Bilateral nerve-sparing was initially
intended in 18.8% of cases, unilateral in 57.9%, and no
nerve-sparing in 23.2%, with final decisions refined in-
traoperatively according to local findings.

From an oncologic standpoint, approximately
half of the cohort experienced biochemical failure at
the 01 ng/mL threshold during follow-up, and about
one-third developed BCR within 3 years, highlighting
that in carefully selected patients, nerve-sparing did
not worsen short-term oncologic outcomes compared
with non-nerve-sparing approaches, whereas long-term
oncologic equivalence remains uncertain given the lim-
ited follow-up. This apparent discrepancy reflects the
different biological and temporal meaning of the two
endpoints, as BCF captures early PSA progression at a
lower threshold, whereas BCR represents a more strin-
gent and confirmed definition of biochemical relapse.

We also evaluated the role of different NS tech-
nigues—classified as intrafascial, interfascial, and extra-
fascial—performed on each side in relation to mpMRI
features and pathological outcomes. The planned dis-
section plane was defined preoperatively but frequently
modified intraoperatively based on direct assessment.
These changes were systematically recorded, allowing
us to analyze how surgical adaptability influenced ip-
silateral PSM rates in relation to preoperative imaging
and tumor localization. In our series, interfascial dissec-
tion was the most frequently performed nerve-sparing
technique, representing 56.2% of all sides. Intrafascial
dissection was used in 25.2% of cases, while a radical
approach (i.e, complete excision of the bundle) was
chosen in 18.6%, particularly when intraoperative find-
ings raised concern for extracapsular extension. Notably,
in 21.7% of cases, the initial nerve-sparing strategy was
modified intraoperatively, most often by downgrading
the dissection plane based on intraoperative judgment.
No significant difference in PSM was observed between
interfascial and intrafascial approaches, supporting
the effectiveness of preoperative planning and intra-
operative adaptability. This approach mirrors the logic
of graded nerve-sparing, where the dissection plane is
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tailored according to side-specific oncologic risk and is
consistent with EAU recommendations to avoid nerve
preservation only in the presence of clear predictors of
extracapsular disease.

To better evaluate the relationship between
nerve-sparing and surgical margins, we moved from a
per-patient to a per-side analytical framework, allow-
ing for a more granular assessment of how side-spe-
cific tumor features and surgical decisions influence
ipsilateral PSM.

In this setting, our first key finding was that
several mpMRI features were independently associ-
ated with the occurrence of PSM on the same side of
NS, thus jeopardizing the oncological safety of surgery.
Particularly, the presence of larger prostate volume
(p=0.04), higher PIRADS lesion diameter (p=0.02),
apical lesion location (p=0.01) as well as peripheral
vs transitional zone lesion (p=0.001) predicted the oc-
currence of positive margins, also when the procedure
was carried out by a highly experienced robotic sur-
geon. These findings potentially represent a strong
argument in favor of the widening of surgical indica-
tions for the NS adoption, thus highlighting the impor-
tance of tailored surgical planning when balancing
functional and oncologic outcomes(23-26). To date, no
clinical features were included in the preoperative PSM
prediction. In contrast, several series proposed a vali-
dated nomogram-based model incorporating mpMRI
findings—including PI-RADS score, lesion location,
and capsular contact—alongside clinical parameters.
Particularly, Soeterik et al. (24) developed a preop-
erative risk model that combines mpMRI and clinical
variables to predict side-specific ECE, with posterior
and lateral lesion location identified as important con-
tributors to risk stratification. Similarly, Nyarangi-Dix
et al. proposed a nomogram that integrates imaging
features such as PI-RADS score and lesion localization
to improve prediction accuracy for ECE in high-risk
patients (25, 27-30). Ostau et al. externally validated
a bicenter risk model emphasizing the role of mpMRI
markers—including lesion location and extent of cap-
sular contact—for anticipating ECE, demonstrating
improved performance over clinical-only tools (26). Al-
though these models are primarily designed to predict

Int Braz J Urol. 2026; 52(3): €20250413

ECE rather than PSMs directly, the anatomical predic-
tors they incorporate—particularly posterior and apical
involvement—are consistent with our findings. These
regions are known to pose technical challenges dur-
ing prostatectomy, and their accurate delineation on
mpMRI is critical for margin control.

Our study further emphasizes the utility of
centralized imaging review, which likely enhanced the
consistency and reliability of lesion localization and
feature interpretation. On the other hand, the central-
ization of the radiologic assessment enhanced the
statistical predictive value of MRI predictors over the
clinical one, particularly when only a high-risk pa-
tient's subset is analyzed. Indeed, while we did not
use nomograms, our results underscore the pivotal
role of high-quality, anatomically detailed mpMRI in
predicting adverse pathological outcomes and guiding
intraoperative strategy, particularly in clinical settings
where predictive models are not routinely applied. An
additional consideration concerns the generalizability
of our findings. The predictive value of the identified
variables relies heavily on high-quality mpMRI acqui-
sition and expert interpretation, which were ensured
in this study through centralized imaging review by
dedicated uro-radiologists. Consequently, the appli-
cability of our results may be limited in settings with
heterogeneous imaging protocols or limited radiologic
expertise. External validation in multicenter cohorts
with varying levels of mpMRI standardization is there-
fore warranted before broader clinical implementation.

The present manuscript is not devoid from
limitations. Firstly, the retrospective study design and
the single center fashion might have induced several
non-negligible biases in the analysis. Nevertheless,
the centralization of the imaging assessment repre-
sented a key factor to properly evaluate the overall
burden of preoperative imaging-based surgical plan-
ning on patient’s outcomes. Secondly, the relatively
small sample size might lower the replicability of the
reported results. Moreover, the lack of randomization
might have overestimated the NS feasibility in more
complex cases. The absence of a statistically signifi-
cant association between ISUP 5 and positive surgical
margins in the multivariable model might reflect collin-
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earity between histologic grade and MRI-detected ex-
tracapsular extension, both representing closely inter-
related indicators of tumor aggressiveness. When both
variables were included, ECE emerged as the stronger
anatomical predictor, attenuating the apparent effect
of ISUP grade. Similarly, although PSA and DRE are es-
tablished clinical parameters in most preoperative risk
models, in our cohort both were strongly correlated
with MRI-derived markers of tumor extent, resulting in
multicollinearity and their subsequent exclusion from
the final model. Sensitivity analyses confirmed that
their inclusion did not enhance model discrimination,
reinforcing the predominance of imaging-derived pre-
dictors in this high-risk, imaging-centralized popula-
tion. Nevertheless, it should be noted that the limited
number of events per variable (90 sides with PSM) may
have reduced the statistical power to detect weaker in-
dependent effects of clinical variables. With larger co-
horts and a higher event count, modest associations
for PSA, DRE, or ISUP grade could potentially emerge
as significant. Key limitation is the potential for selec-
tion bias in NS choice. Importantly, our findings should
be interpreted in the context of radiotherapy plus ADT
being a well-established standard of care in HR-PCa,
and surgery with NS may be considered only in indi-
vidualized cases. Furthermore, the follow-up period
of 36 months is too short to draw definitive oncologic
conclusions in HR-PCa. The omission of key predictors
such as PSA and DRE from final models further limits
clinical generalizability.

CONCLUSIONS

The adoption of a nerve-sparing approach dur-
ing RARP represents a feasible option only in carefully
selected high-risk prostate cancer patients. According-
ly, the identification of imaging-based predictors such
as prostate volume, apical location, peripheral zone
involvement, lesion size, and ECE might enhance the
patient selection process, thus optimizing the balance
between functional and oncologic outcomes. These as-
pects warrant further evaluation in randomized settings
and may help guide clinical decision-making.
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APPENDIX

Supplementary Table 1 - Sensitivity multivariable model accounting for both clinical and mp MRI features.

Variable OR 95% CI p value
PSA (ng/mL) 1.01 0.99-1.03 0.27
Positive DRE 134 0.86-1.94 0.18
Prostate volume 1.02 1.01-1.03 0.01
Apical lesion 21 1.24-3.43 0.01
Peripheral zone lesion 312 114-4.71 0.001
ECE at mpMRI 3.98 2.74-6.65 <0.001
Model AUC 0.80 (vs 0.79 in main model)
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Peripheral zone lesion 312 114-4.71 0.001
ECE at mpMRI 3.98 2.74-6.65 <0.001
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ABSTRACT
ARTICLE INFO
Purpose: To evaluate oncological and functional outcomes of minimally invasive partial and Zhang Zhiling
radical nephrectomy (MIS-PN vs. MIS-RN) in patients with pT3aNOMO renal cell carcinoma  https://orcid.org/0000-0003-1821-4587
(RCC).

Materials and Methods: We performed a multicenter retrospective study of patients with ~ Keywords:
pT3aNOMO RCC treated with MIS-PN or MIS-RN. The primary outcome was recurrence-free ~ Carcinoma, Renal Cell;
survival (RFS). Secondary outcomes included de novo eGFR <60 mL/min/ 1.73 m? (CKD-S) Neph.rectomy.; Minimally
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and <45 mL/min/ 1.73 m? (CKD-S3b) at the new baseline (1-12 month postoperatively), as
well as CKD-S at the latest follow-up (>1 year postoperatively). A 1:2 ratio propensity score
matching (PSM) was applied to balance covariates, and inverse probability weighting (IPW)  Submitted for publication:
served as sensitivity analysis. Survival curves were estimated using the Kaplan-Meier meth- ~ September 09, 2025
od, and multivariable analyses (MVA) were performed to identify predictors of oncological
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Results: A total of 303 patients were enrolled (113 MIS-PN/190 MIS-RN) with a median fol-  December 16, 2025
low-up of 39.0 months (IQR 26.8-52.9). After PSM (66 MIS-PN/54 MIS-RN), no significant
difference in RFS was observed between two groups (p=0.23). MVA revealed that surgical . .
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approach was not an independent predictor of RFS (HR: 1.00, p=1.00). Among patients with January 26,2026
available new baseline eGFR after PSM (41 MIS-PN/37 MIS-RN), MIS-RN was independently
associated with a higher risk of CKD-S (OR: 7.96, p=0.03). Among patients with available the
latest follow-up eGFR after PSM (41 MIS-PN/37 MIS-RN), MIS-RN remained an independent
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predictor of CKD-S at the latest follow-up (OR: 7.98, p=0.03). IPW analysis yielded consis-
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tent results. Additionally, IPW identified MIS-RN as an independent risk factor for CKD-

S3b at the new baseline (OR: 18.29, p<0.01).
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Conclusion: MIS-PN provided comparable mild term oncologic outcomes to MIS-RN

while offering superior renal function preservation. MIS-PN may be a viable option for
selected T3a RCC patients when nephron preservation is indicated.

INTRODUCTION

Partial nephrectomy (PN) is recommended as
the preferred treatment for localized renal cell carci-
noma (RCC), as it offers similar tumor control to radi-
cal nephrectomy (RN), while preserving more renal
parenchyma and function(l, 2). This nephron-sparing
effect has been associated with reduced cardiovascu-
lar morbidity and improved overall survival (OS) (3, 4).
According to the 8th AJCC/TNM criteria (5), T3a RCC
is defined as tumor extension into the renal vein or its
segmental branches, invasion of the perirenal or renal
sinus fat, or involvement of the pelvicalyceal system but
not beyond Gerota's fascia, irrespective of tumor size.
T3a RCC exhibited a higher recurrence risk compared
to organ-confined T1-T2 lesions after surgery (6). Con-
temporary studies regarding the oncological outcomes
of PN compared to RN for non-metastatic pT3a RCC re-
main inconsistent (7-11), and most of these studies are
limited by a lack of adjustment for invasion patterns,
as well as insufficiency of functional outcomes. While
emerging evidence suggested that robot-assisted PN
(RAPN) was feasible and safe for selected cT3a masses,
considerable debate persisted regarding the expansion
of PN indications to patients with cT3a RCC across all
invasion patterns, particularly in the absence of a com-
pelling indication for nephron preservation (12).

With the growing experience in the minimally
invasive (MIS) surgery(13, 14), robust comparative data
evidence specifically evaluating MIS-PN versus MIS-RN
in pT3a RCC remains scarce. Thus, we conducted a mul-
ticenter, matched-cohort study to compare mild-term
oncological and functional outcomes between MIS-PN
and MIS-RN in patients with non-metastatic pT3a RCC.
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Data Availability

All data generated or analysed
during this study are included
in this published article

MATERIALS AND METHODS

Patient population

With approval from the Institutional Review
Board (approval number: B2025-341), a retrospective
review was conducted on patients who underwent MIS
(robot-assisted or laparoscopic) surgery for pT3a RCC
between June 2016 and November 2023 at five tertiary
centers in China. All patients received a comprehensive
preoperative evaluation, including physical examination,
laboratory testing, abdominal cross-sectional imaging
(CT or MRI), and chest imaging (X-ray or CT). All pro-
cedures were performed by urological oncologists, and
the choice of surgical approach (MIS-PN or MIS-RN)
was determined based on patient characteristics and
surgeon preference. Exclusion criteria included: reop-
eration for recurrent RCC; radiologic evidence of dis-
tant metastasis (cM1), lymph node metastasis (cN1), or
pathologically confirmed metastasis (pN1/pM1); receipt
of neoadjuvant therapy.

Patients underwent their first follow-up as-
sessment at 3 months postoperatively, followed by
surveillance every 6 to 12 months. Each follow-up
included physical examination, laboratory testing,
abdominal cross-sectional imaging (CT or MRI), and
chest imaging (X-ray or CT). The detection of a new
lesion on imaging was considered a recurrence, and
the diagnosis was confirmed histologically. Lesions
occurring adjacent to the resection site were classi-
fied as local recurrence, while metachronous lesions
in the ipsilateral kidney (away from the resection bed)
or in the contralateral kidney were not regarded as
recurrences. Lesions identified in distant organs were
classified as metastases.
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Data collection

Recorded preoperative features included
demographic variables (age, sex, body mass index
[BMI]), comorbidities (hypertension [HTN], diabetes
mellitus [DM] and chronic kidney disease [CKD]), ra-
diologic tumor characteristics (clinical tumor size and
the R.E.N.A.L. score (15)). Perioperative details record-
ed included operative time (OT), surgical approach,
intraoperative transfusion, estimated blood loss
(EBL), length of stay (LOS), postoperative complica-
tions and the status and regimen of adjuvant therapy.
Histopathological features included pathological tu-
mor size, histological subtype (clear cell RCC [ccRCC]
or non-ccRCC), grade (according to WHO/ISUP (16),
including G1-G4 and Gx), invasion pattern (as defined
by 8th AJCC/TNM criteria (5), including perinephric
fat invasion[PFl], sinus fat invasion[SFI], pelvicalyceal
system invasion[PSl], and renal vein invasion[RVI]),
surgical margin(SM) status, and the presence of sar-
comatoid differentiation (SMD), necrosis, and lym-
phovascular invasion(LVI). Positive SM was defined as
tumor extension to the inked surface of the resected
specimen. Aggressive pathological features included
positive SM, grade > 3, necrosis, LVl and SMD.

Renal function was assessed using serum creat-
inine-based estimated glomerular filtration rate (eGFR),
calculated via the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI 2021) equation (17). eGFR was
recorded at three time points: pre-operation (pre-GFR,
within 1 month before surgery), new baseline (NB-GFR,
1-12 months postoperatively (18)), and latest follow-up
(latest-GFR, >12 months postoperatively). Survival status
was recorded at last follow-up.

Statistical Analysis

Patients were stratified by the surgical ap-
proach (MIS-PN vs. MIS-RN). To minimize selection bias,
two statistical adjustment methods were applied: 1) 1:2
nearest-neighbor propensity score matching (PSM)
with a caliper of 0.1 (19), and 2) stabilized inverse prob-
ability of weighting (IPW) with weight truncation at the
1st and 99th percentiles (20), which was performed as
a sensitivity analysis. Propensity scores were generated
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based on age, comorbidities (HTN/DM/CKD), clinical tu-
mor size, RE.N.A.L. score, and pre-GFR.

The primary outcome was recurrence-free sur-
vival (RFS). Secondary outcomes included CKD-S (pre-
GFR>60 mL/min/ 1.73 m2 but NB-GFR <60 mL/min/
1.73 m?), CKD-S3b (pre-GFR>60 mL/min/ 173 m? but
NB-GFR <45 mL/min/ 1.73 m2) and CKD-S at the latest
follow-up (pre-GFR > 60mL/min/1.73m2 but latest-GFR
< 60mL/min/1.73 m?). Additional renal functional end-
points included AGFR (NB-GFR-pre-GFR), eGFR pres-
ervation rate% (NB-GFR/pre-GFRx100%). Multivariable
analyses (MVA) were performed to identify predictors of
oncological and functional outcomes:1) Cox regression
model was used to assess association between surgical
approach (MIS-RN vs MIS-PN) and RFS, with candidate
variables selected a priori (21). All results were sum-
marized as hazard ratios (HRs) with 95% confidence
intervals (Cls), and 2) Logistic regression models were
applied for CKD-S, CKD-S3b, and CKD-S at the latest
follow-up, estimating odds ratios (OR) with 95% Cls
for variables of interest, including age, sex, BMI, tumor
complexity, comorbidities, surgical approach, pathologi-
cal tumor size, and pre-GFR.

Descriptive statistics were performed for patient
characteristics as frequencies for categorical variables,
means with standard deviations (SDs) or medians with
interquartile ranges (IQRs) for continuous variables.
Group comparisons between MIS-PN and MIS-RN were
made using chi-square or Fisher's exact tests for cat-
egorical variables, and Mann-Whitney U tests or inde-
pendent t-tests for continuous variables. Kaplan-Meier
survival analyses were performed, and comparisons
were assessed using the log-rank test. All p values were
two tailed, with p less than 0.05 considered statistically
significant. All statistical analyses were performed us-
ing R software version 4.2.2 (R Foundation for Statistical
Computing, Vienna, Austria) and GraphPad-Prism ver-
sion-8.3.0 (GraphPad Software, San Diego, CA, USA).

RESULTS
Patient characteristics

According to the inclusion and exclusion crite-
ria, a total of 303 patients with pT3a RCC were enrolled,
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comprising 113 (37.3%) patients who underwent MIS-PN
and 190 (62.7%) who received MIS-RN. Clinicopatholog-
ical characteristics are detailed in Table-S1. The median
age of the overall cohort was 58.0 years, and 73.8% of
the patients were male. Compared to the MIS-PN group,
patients in the MIS-RN group were slightly older (58.5 vs.
56.0 years, p=0.02), and presented with larger (6.3 vs. 3.9
cm, p <0.01), higher R.E.N.A.L. score (10.0 vs. 7.0, p <0.01)
tumors, as well as a significantly higher proportion of
cT3a lesions (83.2% vs. 38.9%, p<0.01). Additionally, the
MIS-RN group exhibited a higher incidence of LVI com-
pared to the MIS-PN group (21.2% vs. 9.7%, p=0.01). After
PSM (66 MIS-PN/54 MIS-RN), no significant differences
were observed between two groups in terms of age,
comorbidities, R.E.N.A.L. score, clinical tumor size and
pre-GFR. Patients undergoing MIS-PN were more likely
to present with PFl, whereas those in the MIS-RN group
more commonly exhibited SFI, RVI and multifocal inva-
sion. Table-1 demonstrates clinicopathological features
after PSM.

Survival analysis

The median follow-up was 39.0 (IQR: 26.8-52.9)
months, with 34.9 (IQR: 21.6-52.9) months in MIS-PN
group and 40.3 (IQR: 31.1-52.3) months in MIS-RN group.
During this mild term oncologic follow up period, recur-
rence was observed in 42 patients (13.9%), including 9 in
the MIS-PN group and 33 in the MIS-RN group. Among
these, 40 cases were classified as distant metastases (7
MIS-PN/33 MIS-RN), while 2 cases were identified as
local recurrence, both in the MIS-PN group. After PSM
and IPW, no significant difference in RFS was observed
between MIS-PN and MIS-RN group (Figures 1A and B).
However, the 3-year RFS rate was significantly lower in
the MIS-RN group compared to the MIS-PN group be-
fore matching (83.7% vs. 92.7%, p = 0.047) (Figure-Si).

MVA Cox regression analyses are depicted in
Table-2. MVA analyses revealed that surgical approach
(MIS-RN vs. MIS-PN) was not significantly associated
with RFS in PSM cohort (HR: 1.00, p = 1.00). Larger path-
ological tumor size (HR: 1.42, p= 0.02) and the presence
of >2 aggressive pathological features (HR: 4.25, p= 0.01)
were independently associated with worse RFS, and the
IPW analysis yielded similar results. Considering the re-
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sidual heterogeneity in invasion patterns, a sensitivity
analysis was conducted in the subgroup of patients with
fat invasion (99 MIS -PN/105 MIS-RN). In this subgroup,
surgical approach remained non-significant as a prog-
nostic factor for RFS after both PSM and IPW.

Functional analysis

Renal functional outcomes are detailed in Ta-
ble-S2. Among patients with available NB-GFR (83 MIS-
PN/139 MIS-RN). no significant difference was observed
in pre-GFR between MIS-PN and MIS-RN group (95.98
vs. 92.06 mL/min/1.73 m? p =0.21). However, MIS-RN was
associated with a significantly greater decline in renal
function, reflected by a larger AGFR (25.85 vs 2.59 mL/
min/1.73 m? p < 0.01) , a lower NB-GFR (66.42 vs.95.92
mL/min/1.73 m? p<0.01), and a reduced eGFR preserva-
tion rate (71.47% vs. 97.53%, p < 0.01). The incidences of
CKD-S and CKD-S3b were both significantly higher in
the MIS-RN group (both p<0.01). Among patients with
available latest-GFR (83 MIS-PN/139 MIS-RN), those
who underwent MIS-RN demonstrated significantly
lower latest-GFR compared with MIS-PN (65.91 vs. 85.97
mL/min/1.73 m? p < 0.01) and a higher proportion of
CKD-S at the latest follow-up (33.3% vs. 14.3%, p = 0.01).

Among patients with available NB-GFR after
PSM (37 MIS-RN/ 41 MIS-PN), the MIS-PN group dem-
onstrated significantly better postoperative renal func-
tional outcomes. Specifically, MIS-PN was associated
with a higher NB-GFR (93.92 vs. 66.42 mL/min/1.73 m?,
p < 0.01) (Figure 2A), a smaller AGFR (4.74 vs. 27.59 mL/
min/1.73 m? p < 0.01), a lower incidence of CKD-S (7.3%
vs. 29.7%, p = 0.02) (Figure 2B), and a greater eGFR
preservation rate (94.92% vs. 69.42%, p < 0.01). Among
patients with available latest-GFR after PSM (24 MIS-
RN/27 MIS-PN), the MIS-PN group had a significantly
higher NB-GFR (93.92 vs. 64.91 mL/min/1.73 m? p<0.01),
latest-GFR (86.15 vs. 64.71 mL/min/1.73 m? p < 0.01), and
a lower incidence of CKD-S (3.7% vs. 29.2%, p= 0.02) at
the latest follow-up (Figures 2C and D) compared to the
MIS-RN group.

MVA logistic regression analyses were per-
formed to identify independent predictors of CKD-S and
CKD-S3b at new baseline, as well as CKD-S at the lat-
est follow-up (Table-3). In the PSM cohort, MIS-RN re-
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Table 1 - Patients clinicopathological features stratified by surgical type after PSM.

PSM

Variable MIS-PN(n=66) MIS-RN(n=54) p-value
Median age, years (IQR) 570 (48.3,63.0) 58.5 (49.0, 66.0) 0.29
Male, n (%) 50 (75.8) 41(75.9) 1.00
Median BMI, kg/m2, (IQR) 25.3(23.3,26.8) 24.28 (231, 26.1) 0.29
Comorbidity, n (%) 31(47.0) 30 (55.6) 0.45
Median clinical tumor size, cm (IQR) 4.7 (4.0,5.7) 51(4.0,6.0) 0.23
Clinical T stage, n (%) 0.09

cT1-2 28 (42.4) 14 (25.9)

cl3a 38 (57.6) 40 (74))
Median R.E.N.A.L. score (IQR) 8.0(7.0,9.0) 9.0 (7.0,10.0) 0.49
Tumor complexity, n (%) 0.49

Low 6 (9) 7(13.0)

Moderate 46 (69.7) 32(59.3)

High 14 (21.2) 15 (27.8)
Preoperative eGFR, mL/min/1.73m?(IQR) 96.0(83.9,103.9) 96.4(79.2,105.0) 0.93
Median pathological tumor size, cm (IQR) 43(3.3,5.5) 5.0 (3.5,5.7) 0.26
Histology, n (%) 0.43

ccRCC 50 (75.8) 45 (83.3)

Non-ccRCC 16 (24.2) 9(16.7)
SMD, n (%) 3(45) 3(56) 1.00
Necrosis, n (%) 17 (25.8) 10 (18.5) 0.47
LVI, n (%) 7(10.6) 11(20.4) 0.22
Grade, n (%) 0.73

G1-2 34 (515) 27 (50.0)

G3-4 22(33.3) 21(38.9)

Gx' 10 (15.2) 6 (111)
Invasion pattern for pT3a, n (%) <0.01

PFI 49 (74.2) 5(9.3)

SFI 7 (10.6) 28(51.9)

PSI 3(4.5) 3(5.6)

RVI 4(61) 4(74)
Multifocal invasion 3(4.5) 14 (25.9)
Adjuvant therapy, n (%) 13(19.7) 6(11.1) 0.30

PSM= propensity score matching; MIS-RN= minimally invasive radical nephrectomy; MIS-PN= minimally invasive partial nephrectomy; BMI=body
mass index; eGFR=estimated glomerular filtration rate; RCC=renal cell carcinoma; OT=operation time, EBL=estimated blood loss, LOS= length of
stay, ccRCC=clear cell RCC; SMD=sarcomatoid differentiation; LVI= lymphovascular invasion; SM=surgical margin; PFl=perinephric fat invasion;
SFI =sinus fat invasion; PSl=pelvicalyceal system invasion; RVI=renal vein invasion; RE.N.A.L.=[R]adius, tumor size as maximal diameter; [E]
xophytic/endophytic properties of tumor; [N]earness of tumor deepest portion to collecting system or sinus; [A]nterior/Posterior [p] descriptor;
and [L]ocation relative to polar line. *Gx indicates missing or unclassified data on nuclear grade
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Figure 1 - Kaplan-Meier survival analyses comparing recurrence-free survival between MIS-RN and MIS-PN.
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mained an independent predictor of CKD-S both at new
baseline and the latest follow-up, and the IPW analysis
yielded similar results. In addition, the IPW analysis
showed that MIS-RN (OR: 18.29, p< 0.01), high tumor
complexity (OR: 6.91, p< 0.01), smaller pathological tu-
mor size (OR: 0.69, p= 0.01), lower pre-GFR (OR: 0.92,
p< 0.01) were significant predictors of CKD-S3b at new
baseline (OR: 18.29, p< 0.01) (Table-3). Clinicopathologi-
cal characteristics of patients with renal function follow-
up after PSM are summarized in Table-S3.

DISCUSSION

The selection of treatment strategies for non-
metastatic RCC is dependent on disease staging, with
options ranging from RN, PN, ablation, and active sur-
veillance(l, 2, 22, 23). With increasing experience and
advancements in surgical techniques, treatment para-
digms have gradually shifted. MIS-PN has been increas-
ingly applied to larger, more complex, and even more
aggressive renal tumors, with their feasibility in such
cases well demonstrated (7, 24-26). However, given the
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morphological and biological heterogeneity of T3a RCC,
MIS-PN remains challenging and controversial. We em-
ployed a robust matching design to compare oncologi-
cal and renal functional outcomes of pT3aNOMO RCC
patients treated with MIS-PN versus MIS-RN. Our find-
ings demonstrated that MIS-PN achieved non-inferior
mild term oncological efficacy compared to MIS-RN in
selected patients, with superior renal function preserva-
tion. Furthermore, our subgroup analysis for fat invasion
also demonstrated equivalent oncological outcomes of
MIS-PN vs. MIS-RN.

Existing evidence shows inconsistent results
across comparative studies when all T3a invasion pat-
terns are analyzed in aggregate. Capitanio et al. (11)
compared 309 cT1aNOMO patients pathologically up-
staged to pT3a (71 PN / 238 RN) and found a significant-
ly higher rate of PFI in the PN group (82.1% vs. 43.6%,
p<0.001). After matching, MVA indicated that PN was not
associated with an increased risk of metastatic progres-
sion (HR: 0.5, p=0.3) or cancer-specific mortality (CSM)
(HR 0.6, p=0.4). Similarly, in a retrospective matched
analysis of 140 pT3aNOMO RCC patients (70 RAPN/70
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Table 2 - Multivariable cox regression of variables associated to recurrence-free survival in whole and fat
invasion cohort after PSM and IPW.

PSM IPW
Variable Ref
HR (95%Cl) p-value HR (95%Cl) p-value

The whole cohort

Age 1.01(0.95-1.07) 0.84 1.01(0.98-1.05) 0.45
Comorbidities No 1.93(0.45-8.24) 0.37 2.31(0.97-5.53)) 0.06
High tumor complexity Low/moderate 0.98(0.26-3.76) 0.98 0.96(0.46-1.98) 0.91
MIS-RN MIS-PN 1.00(0.24-4.15) 1.00 0.49(0.12-2.01) 0.32
ccRCC Non-ccRCC 0.42(0.11-1.63) 0.21 0.72(0.31-1.65) 044
Pathological tumor size 1.42(1.05-1.91) 0.02 118(0.99-1.40) 0.07
>2 aggressive pathological features* Negative 4.25(1.35-13.42) 0.01 2.94(1.41-610) <0.01
Invasion pattern for pT3a

SFI/PSI/RVI PFI 2.87(0.61-13.47) 018 2.21(0.59-8.33) 0.24
Multifocal invasion 0.29(0.03-2.68) 0.28 1.46(0.42-5.08) 0.56
Adjuvant therapy No 2.97(0.64-13.78) 016 1.40(0.47-4.16) 0.55
Fat invasion subgroup HR (95%Cl) p-value HR (95%Cl) p-value
Age 0.99(0.92-1.07) 0.86 0.99(0.95-1.03) 0.66
Comorbidities No 1.87(0.41-8.54) 0.42 4,07(1.24-13.4) 0.02
High tumor complexity Low/moderate 1.09(0.20-5.89) 0.92 0.97(0.40-2.34) 0.95
MIS-RN MIS-PN 111(0.16-7.42) 0.92 017(0.03-1.01) 0.05
ccRCC Non-ccRCC 0.83(0.15-4.61) 0.84 0.79(0.27-2.26) 0.66
Pathological tumor size 0.84(0.54-1.29) 042 1.30(0.95-1.79) 0.10
> 2 aggressive pathological features* Negative 1.03(0.16-6.53) 0.97 411(1.60-10.56) <0.01
Invasion pattern for pT3a

SFI PFI 1.75(0.29-10.39) 0.54 5.32(114-24.89) 0.03
Adjuvant therapy No 6.05(0.92-39.9) 0.06 1.52(0.36-6.49) 0.57

MIS-RN= minimally invasive radical nephrectomy; MIS-PN= minimally invasive partial nephrectomy; ccRCC= clear cell renal cell carcinoma; SFl=

sinus fat invasion; PSI= pelvicalyceal system invasion; RVI= renal venous invasion

*Aggressive pathological features: positive surgical margin, nuclear grade > 3, necrosis, lymphovascular invasion or sarcomatoid differentiation
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Figure 2 - Comparison of renal functional outcomes between MIS-PN and MIS-RN groups after PSM.
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RN), Andrade et al.(21) reported comparable 3-year can-
cer-specific survival (94% vs. 95%, p=0.78), OS (90% vs.
84%, p=0.42), and RFS (95% vs. 100%, p=0.06), with PFI
as the predominant invasion pattern in the RAPN group
(50% vs. 22.9%, p < 0.001). Pecoraro et al. (11) compared
PN and RN in non-metastatic pT3a RCC using the Sur-
veillance, Epidemiology, and End Results database and
found that RN was associated with increased CSM (HR
2.0, p<0.001) in the propensity score-adjusted multivari-
able competing-risks regression model. Notably, PFI
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was more frequent in the PN group (70.3% vs. 36.4%)
among patients with clearly defined pT3a invasion pat-
terns (734 PN/ 3442 RN) before matching. However, a
study by Shah et al. (8) reported contrasting findings,
where patients undergoing PN for upstaged pT3a RCC
from cT1 had significantly worse RFS compared to those
receiving RN (HR = 5.39, p = 0.001). This discrepancy
may reflect that more than 20% of cases in the PN group
exhibited more aggressive T3a phenotypes (SFl or/and
RVI). T3a RCC is highly heterogeneous, and evidence
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Table 3 - Multivariable logistic regression of variables associated with CKD-S3b,CKD-S at new baseline, and
CKD-S at latest follow-up after PSM and IPW.

PSM IPW

Subgroup and variable Ref

OR (95%Cl) p-value OR (95%Cl) p-value
CKD-S3b at new baseline
Age n/a* - 1.05(0.99-112) 012
Male Female n/a* - 1.45(0.42-4.96) 0.56
BMI n/a* - 110(0.91-1.33) 0.34
High tumor complexity Low/moderate n/a* - 6.91(2.10-22.79) <0.01
Comorbidity No n/a* - 2.68(0.82-8.75) on
Pathological tumor size n/a* - 0.69(0.51-0.92) 0.01
Preoperative eGFR n/a* - 0.92(0.89-0.96) <0.01
MIS-RN MIS-PN n/a* - 18.29(2.53-132.01) <0.01
CKD-S at new baseline
Age 114(1.00-1.30) 0.04 1.05(1.01-1.09) 0.02
Male Female 0.53(0.05-6.02) 0.61 1.27(0.54-2.97) 0.58
BMI 1.30(0.96-1.77) 0.09 1.06(0.95-1.20) 0.30
High tumor complexity Low/moderate 2.43(0.24-24.36) 045 117(0.51-2.67) 0.71
Comorbidity No 1.31(019-9.23) 079 110(0.50-2.39) 0.81
Pathological tumor size 0.63(0.34-114) 0.13 0.90(0.75-1.09) 0.29
Preoperative eGFR 0.94(0.90-0.99) 0.03 0.96(0.94-0.98) <0.01
MIS-RN MIS-PN 7.96(1.29-49.06) 0.03 5.67(2.07-15.48) <0.01
CKD-S at the latest follow-up
Age 1.08(0.96-1.21) 019 1.02(0.98-1.07) 0.35
Male Female 4.80(0.59-39.13) 014 2.09(0.69-6.35) 0.20
BMI 1.08(0.75-1.57) 0.67 0.97(0.84-111) 0.64
High tumor complexity Low/moderate 2.00(0.21-19.15) 0.55 0.51(0.18-1.42) 0.20
Comorbidity No 0.63(0.11-3.70) 0.61 113(0.45-2.86) 0.80
Pathological tumor size 0.39(0.18-0.87) 0.02 1.06(0.86-1.32) 0.57
Preoperative eGFR 0.98(0.92-1.05) 057 0.95(0.92-0.97) <0.01
MIS-RN MIS-PN 7.98(1.29-51.07) 0.03 6.89(2.06-23.05) <0.01

MIS-RN= minimally invasive radical nephrectomy; MIS-PN= minimally invasive partial nephrectomy; BMI=body mass index; eGFR=estimated

glomerular filtration rate

n/a: not calculated due to low event numbers.

Int Braz J Urol. 2026; 52(3): €2020500

9/18



indicates that fat invasion carries a better prognosis
than cases with RVI or multifocal invasion (27-30). Meta-
analysis has shown that SFl is linked to higher CSM than
PFI (31), likely due to the dense vascular and lymphatic
networks in the renal sinus which increase the risk of
tumor dissemination (32). In the present study, the inva-
sion pattern in the MIS-PN cohort was predominantly
characterized by PFI, which may partly explain why MIS-
PN demonstrated favorable oncologic performance.

Our findings, showing that >2 aggressive patho-
logical features independently predicted poorer RFS
in both the PSM and IPW cohorts, closely align with
prior studies(10,21). Notably, adjuvant therapy failed to
improve RFS, contrasting with the KEYNOTE-564 trial
(33). This discrepancy may reflect selection bias and
the limitations of sample size and follow-up. Although
Garofano et al. (34) suggested a potential benefit of ad-
juvant therapy in patients with positive SM, low positive
SM rate in our study may also have reduced the ability
to detect such an effect.

Compared with studies focusing on survival
outcomes, research on renal functional outcomes fol-
lowing PN vs. RN in pT3a RCC patients remains limited.
Andrade et al. (21) reported that renal function preserva-
tion rate was higher in the RAPN group than in the RN
group at 3-6 months postoperatively (86.0% vs. 70.0%,
p < 0.001). Similarly, Patel et al. (9) found that PN was
associated with a smaller AGFR (6.1 vs. 19.4 mL/min/1.73
m?, p < 0.001) and a lower incidence of new-onset CKD
stage 3 at last follow-up (9.5% vs. 21%, p = 0.008) in up-
staged T3a RCC patients who underwent PN. Our study
also confirmed the advantages of MIS-PN in the renal
function preservation, consistent with prior findings
comparing PN and RN for T1/T2 tumors (35). Moreover,
we identified RN as an independent risk factor for both
CKD-S and CKD-S3b. The RENSAFE score developed by
Saitta et al. (36) identified RN (HR 2.2, p <0.01) as an in-
dependent risk factor for developing de novo CKD 2 3b.
In a subsequent analysis, Saitta et al. (10) further dem-
onstrated that RN (HR 1.67, p = 0.025) was independently
associated with a higher risk of CKD-S3b in pT3aNOMO
RCC patients. A key distinction lies in our primary reli-
ance on the NB-GFR for assessing renal functional out-
comes. Previous studies have shown that all-cause mor-
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tality is slightly higher in patients with CKD-S compared
to those without CKD (HR 119, p = 0.030) and estab-
lished that patients with NB-GFR < 45 mL/min/1.73 m?
exhibit higher rates of progressive renal function decline
and all-cause mortality (37, 38). Collectively, these find-
ings encourage the consideration of PN for pT3aNOMO
patients when effective tumor control can be achieved.

While our findings corroborate the feasibility of
MIS-PN for patients with pT3aNOMO RCC, the surgical
management of cT3a RCC requires careful consideration
of tumor characteristics (size, location, and invasion pat-
terns) and renal function. In our study, pathological up-
staging occurred more frequently in the MIS-PN group
versus the MIS-RN group (61.1% vs. 16.8, p<0.001). This
discrepancy can be attributed to the substantially high
proportion of PFl in the MIS-PN group, given that PFI
is typically undetectable via preoperative imaging, with
a reported diagnostic sensitivity of only 32% (39). Con-
versely, tumors in the MIS-RN cohort tended to be larger,
more complex and biologically more aggressive. These
characteristics accounted for the inferior RFS observed
in the MIS-RN group before matching. Although Saitta et
al. (10) revealed comparable survival outcomes among
patients with upstaged and non-upstaged pT3aNOMO
RCC (HR 0.86, p=0.69), their study lacked detailed data
regarding specific T3a invasion patterns, precluding
stratified efficacy analysis. Yim et al. (40) reported that
RAPN for cT3a tumors achieved a 5-year RFS of 82%,
with 66.2% of patients considered to have fat invasion.
However, their study did not include a comparison with
RN. Our study confirmed the therapeutic equivalence of
MIS-PN and MIS-RN (HR: 111, p=0.92) in the fat invasion
subgroup. That said, given the limited sample size, fur-
ther investigations in aggressive subgroups are warrant-
ed in future studies. For more aggressive T3a subtypes,
although Morgan et al. (41) reported favorable outcomes
for 45 pT3NOMO RCC patients with venous tumor throm-
bus treated with RAPN, with 2-year local recurrence-free
and metastasis-free survival rates of 95.4% and 95.3%,
respectively, the follow-up period was relatively short
and no comparison with RN was conducted. The limi-
tations of existing evidence further underscore the ne-
cessity of implementing tailored treatment strategies.
In the absence of high-quality evidence-based data,
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RN may be preferred for cT3a RCC with suspected RVI
or multifocal invasion if the contralateral kidney func-
tions normally and the NB-GFR is expected to exceed 45
mL/min/1.73m? PN should only be considered in care-
fully selected patients with suspected fat invasion, par-
ticularly those with PFI. In addition, surgeon expertise
should be fully considered in clinical decision-making.

This study has several limitations due to its
retrospective nature. The choice of surgical approach
was influenced by tumor characteristics, introducing
inherent selection bias. Although robust matching
methods were applied to mitigate this bias, the MIS-
PN group was still predominantly composed of cT1-T2
RCC, whereas the MIS-RN group mainly included cT3a
RCC with higher aggressiveness. While we confirmed
that PN provides equivalent oncologic outcomes to
RN in patients with fat invasion, the limited sample
size prevents verification of such equivalence in sub-
groups with RVI or multifocal invasion, warranting
further investigation. In addition, surgical approach
selection was influenced by surgeon preference and
institutional experience, and the study cohort was
drawn from high-volume specialized centers, which
may limit the generalizability of these findings to low-
er-volume centers. Furthermore, the follow-up period
was relatively short, and long-term follow-up is need-
ed to fully validate these results. Taken together, in
the era of widespread adoption of minimally invasive
surgery, our multicenter analysis with robust match-
ing demonstrates that, in high-volume centers with ex-
perienced surgeons, MIS-PN for selected pT3aNOMO
RCC patients provides mild term oncologic outcomes
comparable to MIS-RN, while offering superior renal
function preservation.

CONCLUSIONS

Patients with pT3aNOMO RCC treated with
MIS-PN had comparable mild term oncological out-
comes compared to MIS-RN, while providing superior
renal functional preservation. As such, for carefully se-
lected cT3a RCC cases, MIS-PN may be regarded as a
viable option when technically feasible and nephron
preservation is indicated. Continued follow-up is war-

Int Braz J Urol. 2026; 52(3): €2020500

ranted to further elucidate the long-term oncological
safety and refine selection criteria for MIS-PN in this
subset of patients.
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APPENDIX

Table S1 - Clinicopathological characteristics of the overall cohort and stratified by surgical type.

Variable Overall(n=303) MIS-PN(n=113) MIS-RN(n=190) p-value
Median age, years (IQR) 58.0(49.0~65.0) 56.0 (48.0~ 63.0) 58.5 (51.3~ 66.0) 0.02
Male, n (%) 223(73.6) 88(77.9) 135(711) 0.24
Median BMI, kg/m2, (IQR) 24,6 (22.8~26.6) 25.2 (23.0~ 26.8) 245 (22.6~ 26.3) 016
Comorbidities, n (%) 141 (46.5) 55 (48.7) 86 (45.3) 0.65
Median clinical tumor size, cm (IQR) 55 (4.0~ 72) 3.9 (3.0~ 48) 6.3 (5.2~ 81) <0.01
Clinical T stage, n (%) <0.01
Ti-2 101(33.3) 69(61.1) 32(16.8)
T3a 202(67.7) 44(38.9) 158(83.2)
Median REN.A.L. score (IQR) 9.0(70~10.0) 70 (6.0~ 9.0) 10.0 (8.0~ 10.0) <0.01
Tumor complexity, n (%) <0.01
Low 51(16.8) 43 (381) 8(4.2)
Moderate 142 (46.9) 56 (49.6) 85 (45.3)
High 110 (36.3) 14 (12.4) 96 (50.5)
Laterality, n (%) 094
Left 164 (54.) 62 (54.9) 102 (53.7)
Right 139 (45.9) 51 (451) 88 (46.3)
Surgical technique, n (%) <0.01
Laparoscopic 189 (62.4) 45 (39.8) 144 (75.8)
Robot-assisted 114 (37.6) 68 (60.2) 46 (24.2)
Mean OT, min (SD) 1421(59.8) 149.8(70.9) 1376(51.7) 0.09
Median EBL, mL (IQR) 50.0(20.0-100.0) 50.0(20.0-150.0) 50.0(20.0-100.0) 0.51
Mean LOS, days (SD) 5.0(1.9) 51(2.0) 5.0 (1.8) 0.60
Intraoperative transfusion, n (%) 19(6.3) 8(71) 1(5.8) 0.84
Postoperative complications, n (%) 12(4.0) 8(71) 4(2)) 0.07
Median pathological tumor size, cm (IQR) 5.0 (3.5~ 6.5) 3.5 (2.8~ 45) 6.0 (4.6~ 75) <0.01
Preoperative eGFR, mL/min/1.73m?(IQR) 931(79.7~102.9) 96.0 (84.0~102.8) 91.8 (77.0~ 103.0) 0.16
Histology, n (%) 0.04
ccRCC 235 (776) 80 (70.8) 155 (81.6)
Non-ccRCC 68 (22.4) 33(29.2) 35 (18.4)
SMD, n (%) 1(3.6) 3(27) 8(4.2) 0.70
Necrosis, n (%) 79 (26.2) 22 (19.5) 57 (30.0) 0.06
LVI, n (%) 52 (17.2) 1(9.7) 41(212) 0.01
Grade, n (%) 0.09
Gl-2 146 (48.2) 62 (54.9) 84 (44.2)
G3-4 121(39.9) 36 (31.9) 85 (447)
GX' 36 (11.9) 15 (13.3) 21 (111)
Positive SM, n (%) 2(07) 2(1.8) - -
Invasion pattern for pT3a, n (%) <0.01
PFI 115 (38.0) 87 (77.0) 28 (14.7)
SFI 89 (29.4) 12 (106) 77 (40.5)
PSI 19(6.3) 3(27) 16 (8.4)
RVI 21(6.9) 5(4.4) 16(8.4)
Multifocal invasion 59(19.5) 6 (5.3) 53 (27.9)
Adjuvant therapy, n (%) 51(16.8) 24 (21.2) 27 (14.2) 0.16
TKI, n (%) 10(3.3) 3(2.7) 7(3.7)
PD-1 inhibitor, n (%) 36(11.9) 19(16.8)) 17(8.9)
TKI plus PD-1 inhibitor, n (%) 5(17) 2(1.8) 3(1.6)

BMI=body mass index; eGFR=estimated glomerular filtration rate; RCC=renal cell carcinoma; OT=operation time, EBL=estimated blood loss, LOS= length of stay, ccRCC=clear
cell RCC; SMD=sarcomatoid differentiation; LVI= lymphovascular invasion; SM=surgical margin; PFl=perinephric fat invasion; SFI =sinus fat invasion; PSl=pelvicalyceal
system invasion; RVI=renal vein invasion; TKI= tyrosine kinase inhibitor; PD-1= programmed death protein 1; RE.N.A.L.=[R]adius, tumor size as maximal diameter; [E]xophytic/
endophytic properties of tumor; [N]earness of tumor deepest portion to collecting system or sinus; [Alnterior/Posterior [p] descriptor; and [L]ocation relative to polar line.

*Gx indicates missing or unclassified data on nuclear grade
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Table S2 - Renal function outcomes within and beyond 1year after surgery in patients undergoing MIS-PN and

MIS-RN.
Subgroup and variable MIS-PN(n=83) MIS-RN(n=139) p-value
1-12 month postoperatively
Preoperative eGFR, mL/min/1.73m?(IQR) 95.98(85.63,102.61) 92.06(77.34,103.28) 0.21
New baseline eGFR, mL/min/1.73m%IQR) 95.92(75.47,106.21) 66.42 (53.27,77.07) <0.01
Median AGFR, mL/min/1.73m?*(IQR) 2.59(-150,10.87) 25.85(17.25,33.96) <0.01
Median eGFR preservation, %(IQR) 97.53(86.87,101.40) 71.47(63.55,81.41) <0.01
CKD-S, n (%) 8(9.6) 48(34.5) <0.01
CKD-S3b, n (%) 101.2) 18(12.9) <0.01
Subgroup and variable MIS-PN(n=63) MIS-RN(n=99) p-value
> 1year postoperatively
Latest follow-up eGFR, mL/min/1.73m2(IQR) 85.97(71.18-98.19) 65.91(56.08,80.06) <0.01
CKD-S, n (%) 9(14.3) 33(33.3) 0.01
eGFR: estimated glomerular filtration rate
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Table S3 - Clinicopathological characteristics of patients with renal function follow-up within and beyond 1
year postoperatively, stratified by surgical type after PSM

Subgroup and variable PSM
1-12 month postoperatively MIS-PN(n=41) MIS-RN(n=37) p-value
Median age, years (IQR) 57.0(49.0-63.00) 56.0(49.0-65.0) 0.92
Male, n (%) 29(70.7) 27(73.0) 1.00
Median BMI, kg/m?, (IQR) 25.0(23.7-26.6) 24.5(22.9-26.8) 0.60
Comorbidities, n (%) 17(41.5) 16(43.2) 1.00
Median clinical tumor size, cm (IQR) 5.0(4.1-6.1) 5.6(4.0-6.3) 0.45
Median R.E.N.A.L. score (IQR) 8.0(7.0-9.0) 9.0(7.0-10.0) 0.47
Tumor complexity, n (%) 0.57

Low 4(9.8) 5(13.5)

Moderate 27(65.9) 20(54.1)

High 10(24.4) 12(32.4)
Preoperative eGFR, mL/min/1.73m?(IQR) 98.1(86.0-106.3) 98.3(81.0-105.4) 0.83
Median pathological tumor size, cm (IQR) 4.5(3.8-6.0) 5.0(4.0-5.7) 0.68
>1 year postoperatively MIS-PN(n=27) MIS-RN(n=24) p-value
Median age, years (IQR) 58.0(50.5-63.0) 58.0(42.8-64.3) 0.96
Male, n (%) 18(66.7) 18(75.0) 073
Median BMI, kg/m?, (IQR) 251(24.1-26.6) 23.9(23.0-25.9) 014
Comorbidities, n (%) 11(40.7) 11(45.8) 0.93
Median clinical tumor size, cm (IQR) 5.3(4.2-6.6) 5.6(4.9-6.5) 044
Median R.E.N.A.L. score (IQR) 8.0(7.0-9.0) 8.0(7.0-10.0) 0.71
Tumor complexity, n (%) 0.83

Low 3(11) 2(8.3)

Moderate 18(66.7) 15(62.5)

High 6(22.2) 7(29.2)
Preoperative eGFR, mL/min/1.73m?(IQR) 98.3(87.6-106.2) 97.6(77.9-102.9) 0.60
Median pathological tumor size, cm (IQR) 5.0(4.0-6.0) 5.0(4.0-6.0) 0.64

MIS-RN= minimally invasive radical nephrectomy; MIS-PN= minimally invasive partial nephrectomy; BMI: body mass index; eGFR: estimated
glomerular filtration rate; R.E.N.A.L.=[R]adius, tumor size as maximal diameter; [E]Jxophytic/endophytic properties of tumor; [N]earness of tumor
deepest portion to collecting system or sinus; [A]nterior/Posterior [p] descriptor; and [L]ocation relative to polar line.
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Figure S1 - Kaplan-Meier survival analyses comparing recurrence-free survival between MIS-RN and MIS-PN
before matching.
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Purpose: To assess factors associated with patients’ self-assessed pain scores during pros-
tate biopsy (PBx) performed exclusively under local anesthesia (LA).
Materials and Methods: Consecutive patients who underwent MRI followed by a transperi-

neal (TP) or transrectal (TR) PBx under LA were prospectively assessed. Race and ethnicity =~ Keywords:

Prostatic Neoplasms; Race
Factors; Socioeconomic Factors

were self-reported according to NIH standards. Socioeconomic status was assessed us-
ing the Distressed Community Index (DCI). Pain was evaluated with a visual analog scale
(0-10) after the procedure. Univariable and multivariable linear regression analyses were

performed to correlate clinical parameters related to pain.

Results: A total of 419 patients underwent TP (77%) or TR (23%) PBx. Overall, 14% of patients
were Asian, 5% Black, 17% Latino, 12% Others, and 53% White. Of the cohort, 20% of Black
and 27% of Latino patients were most distressed (DCI 80-100) compared with 4% of Asian,
9% of Other, and 5% of White patients (p<0.001). The median (IQR) self-assessed pain levels
were higher for Black 5 (2-5) and Latino 4 (3-5) compared to Asian 3 (2-4), Other 3 (2-5), and
White 3 (2-4) patients (p=0.01). On multivariable analysis, younger patients, Black or Latino
patients, and the number of lesions on MRI were independent predictors for pain levels.
Conclusions: PBx under LA alone are generally well tolerated; however, there is a subset of
patients who experience more pain, including Black and Latino, younger patients, and those
with more MRI suspicious lesions. Discussion of these pain risk factors is important for pa-
tients when choosing to have a biopsy performed under LA versus sedation.
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INTRODUCTION

The diagnosis of prostate cancer is usually made
by a prostate biopsy (PBx), making this one of the most
common procedures in Urology with more than 1 million
PBx being performed in the US and Europe combined (1-
4). While performing PBx in the operating room under se-
dation may decrease a patient's pain, it may increase the
costs, risk of complications, and is subject to operating
room availability. Although PBx under local anesthesia
may be more practical, time-efficient and cost-effective, a
proportion of patients may experience severe pain. There-
fore, identifying predictors for pain during prostate biopsy
may allow for improved prebiopsy counseling.

Several potential factors may influence pain
perception during medical procedures including race/
ethnicity and socioeconomic status (SES) (5, 6). Within
an experimental setting, as demonstrated by Rahim Wil-
liams et al, lower pain tolerances were seen in African
American and Hispanic populations (7). Additionally,
Thurston et al had identified that lower SES was associ-
ated with increased postoperative pain (8). To the best of
our knowledge, there is no study evaluating the impact of
race/ethnicity and socioeconomic status on perception
of pain during a prostate biopsy. The aim of this study is
to identify different factors associated with pain during an
in-office PBx exclusively under local anesthesia with the
hypothesis that race/ethnicity, SES, age and other clini-
cal and demographic parameters would affect pain levels
and tolerance to PBx.

MATERIALS AND METHODS

Study Population

Consecutive patients who underwent multipa-
rametric MRl (mpMRI) followed by transperineal (TP)
or transrectal (TR) PBx between June 2020 and May
2023 were prospectively assessed (IRB #HS-13-00663).
Exclusion criteria were 1) mpMRI acquired more than 6
months prior to the PBx; Il) mpMRI that did not meet
Prostate Imaging Reporting & Data System (PIRADS)
standards. Ill) prior treatment for prostate cancer IV)
prior surgery for benign prostatic hyperplasia; V) Satu-
ration PBx.

Int Braz J Urol. 2026; 52(3): €20250512

MRI Acquisition and Interpretation

All mpMRIs, whether performed at an out-
side institution or our institution, were interpreted
at our institution in accordance with the Prostate
Imaging Reporting & Data System (PIRADS) v2.0 or
v2.1 by radiologists with expertise in prostate mpMRI
reading.(9) The index lesion location was assigned
as base, mid or apex, and anterior or posterior ac-
cording to PIRADS definition (9). If a PIRADS = 3 le-
sion was traversing more than one of these areas, it
was counted for both.

Prostate Biopsy Protocol

All PBx were carried out transperineally or
transrectally by a single urologist (ALA) using a three
dimensional organ tracking elastic image fusion sys-
tem (Trinity, Koelis®, Grenoble, France) and 18G needle
biopsy as previously described (10-15). All patients un-
derwent MRI followed by TP or TR 12-14 core system-
atic PBx, with a minimum of two additional target-PBx
cores per PIRADS > 3 lesion. The PBx specimens were
evaluated by a uropathologist according to International
Society of Urological Pathology (ISUP) guidelines (16).
Clinically significant prostate cancer (CSPCa) was de-
fined as Grade Group >2.

During the study period, the operator (ALA) was
transitioning from TR to TP PBx. Once this transition was
complete, TP biopsies became the preferred approach,
while TR biopsies were performed solely based on pa-
tient preference. The operator had extensive experience
with both biopsy techniques, having surpassed their re-
spective learning curves. Patient characteristics, lesion
location, imaging findings, or other individual factors did
not influence the biopsy approach for each patient.

Local Anesthesia Administration

All procedures were performed exclusively un-
der local anesthesia, using techniques widely accepted
as part of the current standard of care (17, 18). No ad-
ditional analgesics, anxiolytics, or sedatives were used.
Prior to the biopsies the patients were appropriately
counseled about the procedure protocols and watched
an educational and informative video

acess: LINK
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For a TP biopsy, the patient is placed into dorsal
lithotomy position. A total of 10 mL of 2% lidocaine gel
is instilled into the rectum and a digital rectal exam is
performed. The perineum is prepped with chlorhexidine
and the patient is draped. A side-fire endocavity 3D-
TRUS probe is then inserted into the rectum. The local
anesthesia mixture consists of 40mL of 0.5% lidocaine,
as follows: 20 mL of Lidocaine 1%, 18mL of NaCl 0.9%
(normal saline) and 2mL of sodium bicarbonate 18%.
Sodium bicarbonate is added to the mixture to increase
the pH of the acidic anesthetic solution which help re-
duce a burning sensation. Overall, 5mL of the solution is
injected into the perineal skin of each side about 1-2cm
anterior to the rectum and 1-2cm lateral to the midline
(Figure-1) (14). Under real-time TRUS guidance, a peri-
apical triangle (bounded by levator ani, rhabdosphinc-

For a TR biopsy, the patient is placed into left
lateral decubitus position. A total of 10 mL of 2% lido-
caine gel is instilled into the rectum and a digital rectal
exam is performed. An end-fire endocavity 3D-TRUS
probe is then inserted into the rectum. Local anesthe-
sia was administered via a periprostatic nerve block,
under real-time TRUS guidance, injecting 10mL of 1%
lidocaine solution, 5mL in each side, at the bilateral
neurovascular bundles at the junction of the prostate
with the seminal vesicles.

Race, Ethnicity and Socioeconomic Status

Race and ethnicity were self-reported according
to NIH standards and categorized as follows: Hispanic/
Latino (Latino), non-Hispanic Asian (Asian), non-His-
panic Black or African American (Black), non-Hispanic

Figure 1- A) Periapical triangle nerve block - performed during transperineal prostate biopsy. B) Periprostatic
nerve block at the junction of the prostate base, seminal vesicles, and bilateral neurovascular bundles -
performed during transrectal biopsy

ter and external anal sphincter muscles) block is then
performed using an 18-G spinal needle inserted through
a 17-G coaxial introducer needle with 15mL of 0.5% lido-
caine used on each side. The local anesthesia is injected
into the perineum and periprostatic tissue as the needle
is advanced towards the prostatic apex. The 18-G spi-
nal needle is carefully removed, and the co-axial needle
sheath is left in place.

White (White), and Others, which included individuals
who did not report or identify with any specific race or
ethnicity (19). Socioeconomic status (SES) was assessed
using the Distressed Community Index (DCI) (database
available at https://eig.org/distressed-communities), a
metric developed by the Economic Innovation Group to
evaluate the economic well-being of U.S. communities.
The DCI is derived from the Census Bureau's Business
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Patterns and the American Community Survey 5-Year
Estimates (2016-2020) and provides a zip code-based
composite score. This score incorporates community
education levels, poverty rate, unemployment rate, hous-
ing vacancy rate, median household income, as well as
changes in employment and business establishments.
The DCI score ranges from 0 to 100, where 0 represents
the most prosperous communities and 100 indicates the
most economically distressed. Higher DCI scores corre-
spond to lower SES (20). Each patient's 5-digit zip code
was matched to the DCI database, and their respective
DCI scores were analyzed.

Endpoints

The primary endpoint was pain. The patients
self-assessed pain during PBx, using a visual analog
scale ranging from 0 to 10, was assessed immediately af-
ter the procedure. Patients were asked to rate the overall
pain experienced during the biopsy with the Wong-Bak-
er FACES Pain Scale (Supplemental Figure). The FACES
scale is recommended for people ages three and older
and is a self-assessment tool for physical pain. The tool
comes with instructions which include explaining to the
patient the amount of pain each face depicts.

Secondary endpoints included PCa and CSPCa
detection rates and procedure time (recorded from the
moment the TRUS was inserted into the patient’s rectum
to the moment it was removed).

1

Statistical Analysis

The Wilcoxon rank sum test was used for con-
tinuous variables, and Pearson's chi-square or Fisher ex-
act test was used for categorical variables. Univariable
and multivariable linear regression analyses were per-
formed to correlate clinical parameters related to pain.
Statistical analyses were conducted using SAS version
9.4 (SAS Institute Inc,, Cary, NC, USA). A two-sided p-
value of <0.05 was considered statistically significant.

RESULTS

A total of 419 patients underwent TP (n= 322,
77%) or TR (n= 97, 23%) PBx. Overall, 14% of patients

Int Braz J Urol. 2026; 52(3): €20250512

were Asian, 5% Black, 17% Latino, 12% Others, and 53%
White (Table-1). The median age, PSA, PSA density, pros-
tate volume, PIRADS distribution, PBx approach (TP or
TR), and the number of cores sampled were similar be-
tween ethnical/racial groups. Clinically significant pros-
tate cancer was detected in 60.1% (196/326) of patients
with PIRADS 3-5 lesions and 11.8% (11/93) of patients
with PIRADS 1-2 lesions. There was no significant differ-
ence for detection of CSPCa based on PIRADS scores
between ethnic groups (Table-2A).

Of the cohort, 20% of Black and 27% of Latino
patients were most distressed (DCI 80-100), in contrast
to 4% of Asian, 9% of Other, and 5% of White patients
(p<0.001) (Table-1). The median (IQR) self-assessed
pain level for all patients was 3 (2-5). Pain levels were
higher for Black 5 (2-5) and Latino 4 (3-5) compared to
Asian 3 (2-4), Other 3 (2-5), and White 3 (2-4) patients
(p=0.01) (Table-2B, Figures 2 and 3). Median operative
time was 15 minutes (IQR 15 - 21 minutes), and it was not
significantly different between ethnic groups (Tables 1
and 3, Figures 2 and 3). Pain levels were not statistically
significantly associated with increased procedure time
(B 0.003, 95% CI -0.03, 0.04; p = 0.87) or the detection
of prostate cancer (B -0.11, 95% CI -0.51, 0.28; p = 0.57).
On multivariable analysis, younger age (p -0.04, 95% ClI
-0.06, 0.01), Black (B 1.1, 95% Cl 0.25, 1.98) or Latino (j
0.72, 95% CI 0.19, 1.26) race, and the number of lesions
on MRI (B 0.30, 95% CI 0.07, 0.53) were independent
predictors for pain levels, but the biopsy approach (TP
or TR) and the DCI were not (Table-3, Figure 2 and 3).

DISCUSSION

There were 419 patients in our cohort who
underwent prostate biopsy with a transperineal or
transrectal approach. There was no significant differ-
ence in pain based on approach. The median pain
level for all patients was 3 / 10, and it was signifi-
cantly higher for Black patients and Latino patients.
Other predictors of pain included younger age and
increased number of lesions on MRI. There was no
association of pain with prostate size, biopsy history,
operative time or PIRADS score on univariable analy-
sis or DCI on multivariable analysis.
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Table 1 - Baseline characteristics subdivided by patient race / ethnicity.

All Asian Black Latino Other White p

No. of Patients, n (%) 419 58 (13.8) 21(5) 72 (17.2) 48 (115) 220 (52.5)
Age, year, mean (SD) 66.3 (8.0) 676 (9.6) 66.8 (7.4) 65 (8.6) 67.2 (6.6) 661 (7.7) 0.21
BMI, mean (SD) 284 (9.7) 251(3.5) 275 (6.7) 30.2 (41) 284 (4.3) 279 (4.0) <.0001
Family History PCa, n (%) 108 11(19.6) 6 (30) 12 (18.8) 9(20.5) 70 (33.8) 0.05
Biopsy History, n (%) on

Naive 272 38 (65.5) 17 (81) 38 (53.5) 26 (56.5) 153 (69.9)

Negative 73 11(19) 1(4.8) 16 (22.5) 13 (28.3) 32 (14.6)

In active surveillance 70 9 (15.5) 3(14.3) 17 (23.9) 7(15.2) 34 (15.5)
PSA, ng/mL, mean (SD) 9.8 (18.8) 74 (3.6) 85 (75) 12.4 (27.8) 10.0 (131) 9.7 (19.3) 0.97
PSA density, ng/mL? mean (SD) 0.2 (0.4) 0.2 (01) 0.2(0.2) 0.2 (05) 0.2 (0.4) 0.2 (0.4) 0.69
Suspicion for PCa on DRE, n (%) 98 1(19) 3(14.3) 18 (25) 1(22.9) 55 (25) 0.73
PIRADS score, n (%) 0.36

PIRADS 1-2 93 (22.2) 17 (29.3) 7(33.3) 15 (20.8) 8(16.7) 46 (20.9)

PIRADS 3-5 326 (778) 41(70.7) 14 (66.7) 57 (79.2) 40 (83.3) 174 (791)
Prostate volume, mean (SD) 591(15.3) 52.3(24.2) 62.4 (51.6) 676 (38.7) 59.6 (35.2) 576 (29.3) 016
No. of MRI lesions
mean (SD) 11(0.8) 11(0.8) 0.8 (0.7) 1.2(0.9) 1.2(07) 11(0.8) 053
MRI index lesion location, n (%)

Anterior 136 16 (276) 5(23.8) 22 (30.6) 26 (54.2) 67 (30.5) 0.01

Posterior 247 28 (48.3) 12 (571) 42 (58.3) 24 (50) 141 (64.) 015
MRI index lesion location, n (%)

Base 98 1(19) 3(14.3) 20 (27.8) 9(19) 55 (25) 051

Mid 222 33 (56.9) 10 (47.6) 37 (51.4) 28 (58.3) 114 (51.8) 0.85

Apex nz 16 (27.6) 3(14.3) 18 (25) 19 (39.6) 61(27.7) 0.24
MRI index lesion size, mm, mean (SD) 15.3 (75) 134 (5.9) 139 (5.0) 17.0 (8.8) 15.2 (81) 15.3 (74) 0.37
No. of (SB + TB) cores taken mean (SD) 15.0 (2.2) 151 (2.6) 14.2 (2.5) 15.4 (1.6) 14.7 (2.6) 15 (21) 0.22
No. of TB cores taken
mean (SD) 39(29) 37(28) 3.0(25) 3.8(2.8) 40 (24) 41(3.0) 05
Biopsy approach, n (%) 0.63

Transperineal 322 (77) 47 (81) 15 (71.4) 51(70.8) 37 (771) 172 (78.2)

Transrectal 97 (23) 1(19) 6 (28.6) 21(29.2) 11(22.9) 48 (218)
Distress Community Index Quintiles, n (%) <.0001

Prosperous (0-20) 133 17 (29.8) 7(35.0) 9 (12.9) 16 (34.0) 84 (39.1)

Comfortable (20-40) 94 14 (24.6) 3(15) 10 (14.3) 1(234) 56 (261)

Mid-tier (40-60) 83 18 (31.6) 4(20.0) 6 (8.6) 11(234) 44 (205)

At risk (60-80) 60 6 (10.5) 2(10.0) 26 (371) 5 (10.6) 21(9.8)

Distressed (80-100) 39 2(35) 4(20.0) 19 (271) 4(85) 10 (4.7)

BMI = body mass index; DRE = digital rectal examination; IQR = interquartile range; MRI = magnetic resonance imaging; No. = number; PCa =
prostate cancer; PIRADS = Prostate Imaging Reporting and Data System; PSA = prostate specific antigen; SB = standard biopsy; SD = standard
deviation; TB = target biopsy
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Figure 2 - Patients’ self-assessed pain level during transperineal or transrectal prostate biopsy under local

anesthesia

Regression Coefficient

Variables [95% CI]
Older Age 4—j -0.04 [-0.06, -0.01]
No. MRI Lesions P —— 0.30 [0.07, 0.53]
Prostate Biopsy Approach:
Transperineal vs Transrectal 0102 [-0.45,041]
Distressed Community 5
Index Score (0-100) ;i -0.006 [-0.014, 0.001)
Race and Ethnicity
Asian k= -0.09 [-0.65, 0.47]
Black or African American i + 1.11 [0.25, 1.97]
Hispanic or Latino — 0.72[0.19, 1.25]
Other — 0.17 [-0.44, 0.78]
White + 0.00 [Reference]
-1.2 -08 -04 0 0.4 0.8 1.2 1.6 2
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Our study is the first to demonstrate an ethnic
difference in pain during prostate biopsy. While this has
not been shown before in the setting of prostate biopsy,
there have been other studies which have exhibited that
Latino and Black patients have increased pain percep-
tion. Perry et al. performed a systematic review of a
variety of procedures including tonsillectomy, hip and
knee arthroplasty demonstrating that there were sig-
nificantly higher preoperative and postoperative pain
intensity scores reported by African American and His-
panic individuals compared with non-Hispanic whites
(21). Meanwhile, in the laboratory setting, Hastie et al.
experimented on thermal, pressure, and ischemic pain
perception between non-Hispanic whites, non-white
Hispanics and African Americans, and demonstrated
that African Americans and Hispanics had decreased
pain tolerance (22).

The reason for difference in pain perception
in ethnicity is unclear, but it is likely multifactorial. One
possible reason for increased pain in certain ethnici-
ties is the presence of different genetic predispositions.
In the review by Perry et al, they reported on studies
showing that polymorphisms in the genes Catechol-

Int Braz J Urol. 2026; 52(3): €20250512

O-methyltransferase (COMT) and mu opioid receptor 1
(OPRMT1) were associated with pain. Specifically, there
is a single nucleotide polymorphism (SNP) in codon 158
(vall’58met) which affects COMT protein stability and
has been associated with pain (23). Lee et al. demon-
strated that COMT polymorphisms associated with high
pain sensitivity were more prevalent in African Ameri-
cans than Caucasian patients (24). Meanwhile Hastie
et al. demonstrated that a specific polymorphism for
OPRM1 was present in about 28% of Hispanic patients
and it was associated with increased pain sensitivity for
Hispanic patients but not for Caucasian patients (22).
While no study has looked specifically at genetic predis-
positions to prostate biopsy pain, there is evidence that
genetic polymorphisms exist associated with pain.
Socioeconomic status has also been reported to
be associated with increased postoperative pain. Addi-
tionally, it has been reported that there are inequalities in
SES strongly patterned by race including African Ameri-
cans persistently having higher levels of poverty than
Caucasian people (25). Furthermore, lower SES has been
shown to be associated with poorer mental health and
increased psychologic stress which may impact pain per-
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Figure 3 - Distribution of Pain Levels (A). Reported pain levels by Number of MRI Suspicious Lesions (B), Age
(C), DCI (D), Procedure Time (E)
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Each graph represents the smoothed median pain scale across age, DCI, procedure time, or number of MRI-suspicious lesions, fitted using
LOESS regression to highlight the general trend in pain scale variation with each category. P value of MRI suspicious lesion was not statistically
significant (p=0.052) on univariable analysis but significant (p=0.008) on multivariable analysis.
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Table 2A - Pathologic Outcomes of MRI/TRUS fusion prostate biopsy.

PIRADS 1-2 PIRADS 3-5

Asian  Black  Latino Other ~ White p Asian Black Latino Other White p

No. of 17 7 15 8 46 41 14 57 40 174
Patients, n
(%)

PCa 4(235) 4(571) 7(46.7) 2(25) 19(41.3) 043 32(781) 1(786) 35(614) 32(80) 130(74.7) 0.20
detection

SB + TB,

N (%)

PCa 4(235) 4(571) 7(467) 2(25) 19(41.3) 043 24(585) 10(714) 30(526) 22(55) 102(586) 0.76
detection
SB, N (%)

PCa - - - - - - 28 (68.3) 11(786) 31(544) 28(70) M7(672) 0.30
detection
TB, N (%)

CSPCaSB 2(N8) 1(143) 4(267) 1(125) 3(65) 035 28(683) 10(71.4) 32(561) 23(575) 103(59.2) 0.65
+TB,N
(%)

CSPCa 2(1.8) 1(143) 4(267) 1(125) 3(65) 035 15(366) 8(571) 22(386) 16(40) 68(391) 073
SB, N (%)

CSPCa - - - - - - 25(61) 9(643) 28(491) 21(525) 97(558) 0.73
TB, N (%)

CSPCa = clinically significant prostate cancer; No. = number; PCa = prostate cancer; PIRADS = Prostate Imaging Reporting and Data System;
SB = systematic biopsy; TB = target biopsy

Table 2B - Perioperative outcomes after MRI/TRUS fusion prostate biopsy.

Race/Ethnic Groups
All White Black Latino Asian Other p
Number of patients, n (%) 419 220 (52.5) 21(5) 72 (17.2) 58 (13.8) 48 (1.5)
Pain during biopsy, median 3(2-5) 3(2-4) 5 (2-5) 4 (3-5) 3(2-4) 3(2-5) 0.01
(1QR)
Procedure time for PBX, 18 (15-21) 18 (16-20) 17 (15-21) 18 (15-20) 18 (14-22) 20 (17-25)  0.06

minutes, median (IQR)

IQR = interquartile range; PBx = prostate biopsy
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Table 3 - Univariable and Multivariable analyses for pain level during prostate biopsy under local anesthesia.

Univariate Multivariate
Variables B Cl (95%) p B Cl (95%) P
Age, year -0.03 -0.06 to -0.01 0.004 -0.03 -0.06 to -0.01 0.006
Family History PCa -0.49 -0.92 to -0.07 0.02
BMI -0.01 -0.03 to 0.01 0.40
Biopsy history
Previous Negative biopsy vs Naive -014 -0.65 t0 0.37 0.58
Previous Positive biopsy vs Naive 017 -0.34 to 0.69 0.50
PSA, ng/mL -0.003 -0.013 to 0.006 0.52
PSA density*, ng/mL? -0 -0.57t0 0.36 0.65
Race
Asian vs NH-White -0.05 -0.61t0 0.51 0.85 -0n -0.68 to 0.45 0.69
Hispanic vs HN-White 0.77 0.26 t0 1.29 0.003 0.87 0.30to 145 0.003
Black vs NH-White 0.94 0.07 to 1.81 0.03 116 0.29 t0 2.03 0.009
Others vs NH-White 0.27 -0.34t0 0.87 0.39 0.17 -04510 0.79 0.59
DRE, suspicious vs non-suspicious 012 -0.32 to 0.56 0.59
Prostate Volume, cc -0.005 -0.010 to 0.001 01
No. MRI lesions 0.23 -0.002 to 0.462 0.052 0.32 0.08 to 0.55 0.008
MRI lesion size, mm 0.006 -0.023 to 0.034 0.69
PIRADS 3-5 vs PIRADS 1-2 0.31 -0141t0 0.76 0.18
No. TB cores taken -0.04 -0.12 to 0.05 040
Prostate biopsy approach TP vs TR 0.03 -0.04 to 0.10 0.37 0.01 -0.43 10 045 0.95
No. Bx (SB + TB) cores taken -0.16 -0.60t0 0.29 0.49
Procedure Time (min) 0.003 -0.033 t0 0.039 0.16
Presence of Prostate Cancer -011 -0.51t0 0.28 0.57
Distress Community Index Score (0- -, -0.009 to 0.005 0.62 0006  -0014t00001 010

100)

PIRADS = Prostate Imaging Reporting and Data System; MRI = magnetic resonance imaging; OR = odds ratio; Cl = confidence interval; PCa =
prostate cancer; CSPCa = Clinically significant PCa (Grade Group > 1); DRE = digital rectal examination; DRE = digital rectal examination; NH =

non-Hispanic
*PSA density was calculated per 0.01 unit.
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ception (26). Thurston et al. found in a systematic review
that lower SES was associated with worse pain percep-
tion after various procedures (8). Pain was not associ-
ated with DCI in our study, which could be related to
its limited ability to accurately assess an individual pa-
tient's SES given that it is based on location (zip code).

Our study also demonstrated that pain was as-
sociated with younger age Younger age was also asso-
ciated with prostate biopsy pain in studies by Marra et
al. and Gomez-Gomez et al. (27, 28). As younger patients
have had less exposure to health care and different
medical interventions, increased pain perception may
be attributed to a decreased familiarity with pain from
such procedures (27, 28). We additionally demonstrated
increased pain scores with a higher number of MRI le-
sions, despite number of biopsy cores, prostate size, op-
erative time and lesion size not being significant. Upon
examining Figure-3 the increased pain was seen in
those with four different target lesions. It is possible that
excessive manipulation of the needle and probe could
lead to more discomfort and increase patient anxiety.

We have identified several patient character-
istics associated with increased pain during biopsy:
younger age, Latino ethnicity, Black race and multiple
MRI lesions. Recognizing populations who are at more
risk of severe pain is important as such patients can be
counseled to undergo a biopsy under sedation. Cricco-
Lizza et al. demonstrated that transperineal prostate
biopsies under local anesthesia is safe and has com-
parable outcomes compared to those done under se-
dation, but median pain scores were 3/10 versus 0/10,
respectively (29). Escobar et al. also demonstrated sig-
nificant decrease in pain scores during transrectal pros-
tate biopsy performed with the use of nitrous oxide in
a randomized trial (30). Pre-procedure counseling re-
garding higher pain levels and discussion of additional
strategies to mitigate pain can be performed in these
populations with increased pain risk.

There are some limitations of our study. First,
race and ethnicity can be broken down further to specif-
ic countries where patients’ families are from which can
further impact genetic and cultural factors. Second, DCI
uses zip codes to determine SES at a community-level
and is therefore limited in its ability to accurately identify

Int Braz J Urol. 2026; 52(3): €20250512

SES at an individual level for each patient. Meanwhile,
strengths include the diversity of the patient population
and that the data is reliable given that it was collected
prospectively through a well-managed protocol in a
center of extensive experience in both transperineal and
transrectal prostate biopsy (13-15).

CONCLUSIONS

We demonstrate that the risk factors for higher
pain levels during prostate biopsy under local anes-
thesia are Black and Latino race, younger age and in-
creased number of MRI lesions. Meanwhile, socioeco-
nomic status did not have an impact on pain levels.
Upon counseling patients for prostate biopsy, risk fac-
tors of higher pain levels may be discussed to ensure
they are well-informed when making the decision to
have a biopsy performed under local anesthesia versus
sedation. Further validation studies are warranted.

ABBREVIATIONS

PBx = Prostate Biopsy

LA = Local Anesthesia

TP = Transperineal

TR = Transrectal

DCI = Distressed Community Index

SES = Socioeconomic Status

mpMRI = Multiparametric MR

PIRADS = Prostate Imaging Reporting & Data System
CSPCa = Clinically Significant Prostate Cancer
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APPENDIX

Supplemental Figure - Wong-Baker FACES Pain Rating Scale.

Wong-Baker FACES® Pain Rating Scale
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©1983 Wong-Baker FACES Foundation. www.WongBakerFACES.org
Used with permission. Originally published in Whaley & Wong’s Nursing Care of Infants and Children. ©Elsevier Inc.
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Concomitant Bladder Neck Incision in Patients with
Posterior Urethral Valve and Bladder Neck Hypertrophy:

Short-term Outcomes of a Randomized Controlled Trial
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ABSTRACT ARTICLE INFO
Introduction: Concomitant bladder neck incision (BNI) with posterior urethral valve ablation Ahmed Abdelhalim

(VA) was proposed to mitigate the long-term sequela of posterior urethral valve (PUV) and  https://orcid.org/0000-0002-4451-0032

reduce the reoperation rates. This study aimed to investigate the short-term outcomes of

concomitant BNI and VA, particularly short-term reoperation rates.

Patients and Methods: Patients with PUV and bladder neck hypertrophy on preoperative
imaging were randomized to undergo VA only or VA with concomitant BNI. Surgical reop-
eration within one year was the primary endpoint. Renal function, UTI, hydronephrosis and
VUR improvement at one year were secondary endpoints.

Results: Sixty-three patients were included in the final analysis, 33 in VA group (group A)
and 30 in concomitant BNI and VA group (group B). After one year of follow-up, the reopera-
tion rate was similar [5(15.2%) in group A and 3(10%) in group B, p=0.18]. The median (IQR)
nadir serum creatinine was lower in group B [0.2 (0.1-0.3) vs. 0.2 (0.2-0.4) mg/dL in group
A, p=0.049]. The last follow-up serum creatinine, eGFR [107 (96-163) in group A vs. 139(103-
165) mL/min/1.73 m2 in groups B, p=0.37], and febrile UTI rates were not different between
the two groups. Hydronephrosis improved/ resolved in 27 (40.9%) renal units in group A
vs. 33 (55%) renal units in group B (p=0.286). Vesicoureteral reflux improved/ resolved in
23(34.8%) and 12 (20%) renal units in group A and B, respectively (p=0.074).

Conclusion: Concomitant BNI with VA does not confer a lower short-term reoperation rate
or better upper urinary tract outcomes compared to VA only.
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INTRODUCTION

Despite our improved understanding and the
proactive management of bladder dysfunction in pa-
tients with posterior urethral valves (PUV), the long-
term morbidity remains substantially high with 20-30%
of patients progressing to end-stage renal disease in
adolescence or early adulthood (1, 2). Bladder neck
obstruction was hypothesized as one of the factors
contributing to the bladder dysfunction seen in most
patients after valve ablation (VA). Alpha-blocker treat-
ment, clean intermittent catheterization (CIC), overnight
bladder drainage, and bladder neck incision (BNI) were
proposed as treatment options (2-4). BNI is viewed as
the most definitive treatment of bladder neck obstruc-
tion with controversial benefits in PUV population. Ka-
jbafzadeh et al. reported decreased long-term need for
anticholinergics and CIC when BNI was concomitantly
performed with VA. Further, BNI was associated with re-
duced short-term reoperation rates in their cohort. No
short-term reinterventions were required in their cohort
when BNI was concurrently done with VA compared to
24% reintervention rate in patients treated with VA only
(5). The short-term benefits of BNI in PUV population is
as debatable as its long-term gains. In a retrospective
study by Abdelhalim et al, the short-term reoperation
rate was not different among patients treated with VA or
concomitant BNI and VA (6). To solve this controversy,
this randomized controlled study was conducted to as-
sess the effect of concomitant BNI on the short-term
reoperation rates in patients with PUV. We hypothesize
that concomitant BNI and VA are associated with less
short-term reoperation rates than VA only.

PATIENTS AND METHODS

Patients

The study was approved by the Institutional
Review Board (MS.21.091655) and was registered on
ClinicalTrials.gov (NCT05087537). Patients younger
than 12 years diagnosed with PUV at a single tertiary
center between January 2020 and January 2022, were
screened for eligibility. Patients were considered eligi-
ble if they had evidence of bladder neck hypertrophy,

Int Braz J Urol. 2026; 52(3): €20250539

defined as bladder neck shouldering on preoperative
VCUG. Bladder neck hypertrophy was confirmed by
visualizing elevated posterior lip of the bladder neck
on cystoscopic examination (7). Patients were ex-
cluded if they had prior surgical treatment for PUV.
Parents/ legal guardians of eligible patients were ap-
proached by the study team, and the study method-
ology was thoroughly explained. The pros and cons
of each treatment approach were discussed. Parents
who agreed to enroll their children in the study pro-
vided informed consents. Patients were randomly
assigned to one of the treatment groups using the
closed envelop method in a 1:1 ratio. Patients in group
A were managed with endoscopic VA only, whereas
group B patients were treated with concomitant VA
and BNI. Surgeries were conducted by one of three
fellowship-trained pediatric urologists.

Baseline evaluation

Baseline evaluation included history, physi-
cal exam, and serum chemistry with calculation of
the estimated glomerular filtration rate (eGFR) using
the modified Schwartz formula (8), renal bladder ul-
trasound, and VCUG.

Surgical technique

Endoscopic valve ablation:
Transurethral VA was done under direct vi-
sion using the pediatric cold knife urethro-
tome. The valve leaflets were incised at 5, 7,
and 12 o'clock positions.

Bladder neck incision:
In children assigned to concomitant BNI, an
additional single incision through the bladder
neck was made at 6 o'clock until the bladder
lumen was visible with the tip of the scope
at the verumontanum (6). In both groups, a
Foley catheter was left for 24-48 hours.

Follow-up

Patients were followed up every 3 months for
at least one year. Follow-up entailed history with em-
phasis on febrile UTI. Laboratory evaluation included
serum creatinine with calculation of eGFR. Follow-
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up imaging included renal bladder ultrasound every
3 months. Hydronephrosis severity was graded ac-
cording to the Society of Fetal Urology (SFU) Hy-
dronephrosis grading system (9) and measuring the
antero-posterior diameter of the renal pelvis. VCUG
was repeated at 3 and 12 months postoperatively.
Patients with high-grade vesicoureteral reflux (VUR)
or high-grade hydronephrosis were maintained on
continuous antibiotic prophylaxis. Oxybutynin treat-
ment was selectively considered for patients with
non-improving hydronephrosis in the absence of an-
atomic obstruction (10). Alpha-blocker treatment was
not given to any of the study participants to avoid its
confounding effects.

Study outcomes
Primary study outcome:

Surgical reoperation rates within one year of
the primary surgery, including check cystoscopy with
or without the need for ablation of valve remnants, BNI,
or urinary diversion. The clinical indications for reop-
eration were recurrent febrile UTI, weak urine stream or
repeated urinary retention. The laboratory indications
for reoperation were renal functional deterioration in
the absence of radiological improvement manifested by
non-improved hydronephrosis or VUR, or persistent di-
lation of the posterior urethra on follow-up VCUG.

Secondary study outcomes:

Renal function outcomes: nadir serum creati-

nine (lowest serum creatinine within one year of

surgery), serum creatinine, eGFR at 12 months
of follow-up, progression to chronic kidney dis-
ease defined as eGFR < 60 mL/min/1.73 m2.

Febrile UTIs defined as fever > 38° C in with a

positive urinalysis and a positive urine culture of

an appropriately collected urine specimen.

Hydronephrosis improvement, defined as com-

plete hydronephrosis resolution or improve-

ment by one or more grades according to the

SFU grading system.

VUR improvement, defined as complete VUR

resolution or downgrading by one or more

grades on VCUG according to the International

Reflux Study Grading System.
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Sample size

The study sample size was calculated based on
a previous study (11) in which reoperation was needed
in 24% of PUV patients treated with VA only compared
to 0% in those treated with concomitant VA and BNI.
The G-power statistical software (Universitat Diissel-
dorf) was used with an effect size of 24%, alpha error
0.05, study power 0.80, and an expected dropout rate of
10%. The total sample size was 56 patients, 28 patients
in each study group.

Statistical Analysis

Statistical analysis was done by the Statistical
Package for Social Sciences "IBM SPSS Statistics (Version
27)" Numbers and percentages were used to describe
categorical data. Quantitative data was presented as me-
dians and interquartile ranges. Mann-Whitney test was
used to compare continuous variables and Chi-squared
or Fisher's exact tests for the categorical variables. P
value < 0.05 was used to indicate statistical significance.
Outcomes were analyzed based on the intention to treat.

RESULTS

Study enrollment

Patients were recruited for participation in the
study from January 2020 to January 2022. Out of 93
screened PUV patients, 16 patients did not meet the in-
clusion criteria (10 had prior surgical treatment of PUV,
and 6 did not have high bladder neck on VCUG) and
were excluded. Nine other patients refused to partici-
pate in the study.

Of the 68 patients enrolled in the study, 34 pa-
tients were assigned to group A (primary VA only) and
34 to group B (concomitant VA and BNI). After surgical
intervention, one patient in group (A) and three patients
in group (B) lost follow-up and were excluded from the
analysis. Another group B patient opted out of the study
during follow-up.

A total of 63 patients were included in the final
analysis: 33 patients in VA (group A) and 30 patients in
combined VA and BNI group (group B). The enrollment
process is summarized in Figure-1.
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Figure 1 - The study CONSORT flowchart.
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Baseline demographics

Patients in group B were relatively younger. The
median age at surgery was 4 and 1.75 months in groups
A and B, respectively (p = 0.045). Otherwise, baseline
demographics were similar between the study groups
(Table-1). Overall, 37/63 (58.7%) of patients were sus-
pected on prenatal imaging, 11 (17.5%) presented with
febrile UTI, and 8 (12.7%) with urinary retention or urine
stream abnormalities. Bilateral hydronephrosis was ob-
served in 72.7% and 80% of group A and B, respectively
(p =0.379). Oxybutynin treatment was administered in 3
(10%) patients in group A and 4 (12.1%) patients in group

Int Braz J Urol. 2026; 52(3): €20250539

B for non-improving hydronephrosis after excluding
bladder outlet obstruction at least 3 months following
primary intervention. Baseline demographics are sum-
marized in Table-1.

Study outcomes
The study outcomes are summarized in Table-2.
Reoperation rate within one year of follow-up:
Five patients (15.2%) in group A and 3 (10%)
in group B required reoperation within one
year of follow-up (p= 0.18). All patients who
required reintervention were symptomatic.
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Table 1 - Baseline demographics.

Baseline demographics Group A: Valve Group B: Combined P value
ablation only (n valve ablation and
=33) BNI (n = 30)
Median age at surgery (IQR), months 4 (1.5-21.5) 1.75 (1-8.6) 0.045
Presentation (%)

Antenatal hydronephrosis 18 (54.5) 19 (63.3)

Febrile UTI 7(21.2) 4(13.3)

Urine retention/ abnormal urine stream 6 (18.2) 2(6.7) 0.452
Postnatal hydronephrosis 2(61) 5(16.7)
Valve type (%)

Type | 31(93.9) 29 (96.7)

Type lll 2(61) 1(3.3) 0.612
Median baseline serum creatinine (IQR), mg/dl (mg/dl) 0.4 (0.3-0.8) 0.5 (0.3-0.73) 0.825
Median baseline eGFR (IQR), (mL/min/1.73 m?) 66 (35.5-119) 59 (30.5-85.8) 0.401
Renal units with baseline hydronephrosis (%) 55/66 (83.3) 54/60 (90) 0.274
Baseline hydronephrosis laterality (%) 0.379
No 2 (61) 0

Unilateral 7(21.2) 6 (20)

Bilateral 24 (72.7) 24 (80)

Baseline highest grade of hydronephrosis (%) 0.073

No 2(61) 0

Grade | 5(15.2) 2(6.7)

Grade Il 1(33.3) 7(233)

Grade Il 14 (42.4) 14 (46.7)

Grade IV 1(3) 7(23.3)

Renal units with baseline vesicoureteral reflux (%) 31/66 (47) 21/60 (35) 0137
Baseline vesicoureteral reflux laterality (%) 0.309

No 13 (39.4) 14 (46.7)

Unilateral 9(27.3) 1(36.7)

Bilateral 1(33.3) 5(16.7)

Baseline highest grade of vesicoureteral (%) 0440

No 13 (39.4) 14 (46.7)

Grade | 0 0

Grade ll 1(3) 0

Grade Il 0 0

Grade IV 4(121) 1(3.3)

Grade V 15 (45.5) 15 (50)

p-value is in bold when differences were significant
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Table 2 - Study outcomes at 12 months.

Renal function outcomes
The median (IQR) nadir serum creatinine was
lower in group B [0.2 (0.1-0.3) mg/dL vs 0.2
(0.2-0.4) mg/dL in group A, p=0.049]. The me-
dian serum creatinine and eGFR at 12 months
of follow-up were not significantly different
between the study groups. Five (15.2%) group

Study outcomes Group A: Valve Group B: Combined valve P value
ablation only ablation and BNI
(n=33) (n =30)
Overall reintervention (%) 5(15.2) 3(10)
Check cystoscopy only 1(3) 3(10)
Ablation of valve remnants 0(0) 0(0) 0.18
BNI 3(9) 0(0)
Ablation of valve remnants and BNI 1(3) 0(0)
Median nadir serum creatinine (IQR), mg/dl 0.2(0.2-0.4) 0.2(0.1-0.3) 0.049
Median serum creatinine at 12 months (IQR), mg/dI 0.3(0.2-0.45) 0.2(0.2-0.4) 0.09
Median eGFR (IQR) at 12 months, mL/min/1.73 m? 107 (89.5-163) 139 (102-165) 0.374
Febrile UTI during follow up, patients (%) 9(27.3) 7(23.3) 0.778
Renal units with improved/ resolved hydronephrosis (%) 27/66 (40.9%) 33/60 (55%) 0.286
Renal units with improved/ resolved VUR (%) 23/66 (34.8%) 12/60 (20%) 0.074
p-value is in bold when differences were significant
In group A, the indications for reinterven- A and 3 (10%) group B patients had eGFR < 60
tion were breakthrough UTI in 3 patients, mL/min/1.73 m2 at 12 months (Fisher’s exact
difficulty and a weak urinary stream in one p = 0.710).
patient, and UTI with a weak urine stream in Febrile UTI
one patient. One patient had diagnostic cys- Nine patients (27.3%) in group A and 7 (23.3%)
toscopy with no evidence of bladder outlet in group B had febrile UTIs during follow up (p
obstruction, 3 had BNI, and one had ablation =0.778).
of valve remnants and BNI as salvage treat- Follow-up imaging
ment for symptomatic patients. The indica- Twenty-seven (40.9%) renal units in group A
tions for intervention in group B patients were and 33 (55%) renal units in group B had im-
recurrent breakthrough UTI in two patients proved/resolved hydronephrosis (p= 0.286).
and repeated urinary retention in one patient. Vesicoureteral reflux improved/ resolved in
All 3 patients in group B who required reop- 23 (34.8%) and 12 (20%) renal units in groups
eration had check cystoscopies that ruled out A and B, respectively (p = 0.074).
anatomic bladder outlet obstruction, and no
further intervention was deemed necessary. DISCUSSION

Following endoscopic ablation of PUV, vigilant
monitoring and proactive management of the underly-
ing bladder dysfunction are the pillars of modern urologic
management of PUV. Left untreated, bladder dysfunction
contributes to hydronephrosis and VUR persistence, in-
creased risk of UTI and incontinence, and accelerates
renal damage and progression to end-stage renal dis-
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ease. In 1982, Dr. Mitchell coined the term valve bladder
syndrome to describe the bladder dysfunction seen in
75-80% of patients following PUV ablation (12). Some of
the theorized mechanisms for valve bladder syndrome
are detrusor hypertrophy, increased extracellular matrix
deposition, bladder wall ischemia, diminished bladder
sensations, incomplete bladder emptying, and high urine
output resulting from poor renal tubular concentration ca-
pacity. In addition to these possible causes, bladder neck
obstruction caused by blader neck hypertrophy or dyski-
nesis can interfere with bladder emptying and contribute
to elevated bladder pressures, detrusor decompensation
and eventually myogenic failure (2, 7).

The diagnosis of bladder neck obstruction in
children with PUV is challenging. To date, there is no
consensus on how to define bladder outlet obstruction
in children (13). As in this study, the radiologic and en-
doscopic appearance of the bladder neck was used by
some investigators to diagnose bladder neck hypertro-
phy (7,14). Glassberg and Combs believed that diagnos-
ing bladder neck obstruction requires videourodynamic
documentation of elevated voiding pressure, and ob-
structed uroflow with a silent electromyogram (3).

Alpha blockers, CIC, overnight bladder drain-
age, bladder neck botulinum toxin injection, and BNI
were proposed as therapeutic options for bladder neck
obstruction in PUV with varying results and limitations
(2, 5, 6, 15, 16). For instance, some studies reported
subjective improvement of the voiding pattern with de-
creased maximum voiding detrusor pressure, increased
Qmax, and reduced postvoid residual (PVR) with alpha
blocker treatment (4, 17, 18). Bajpai reported improved
radiological appearance of BN hypertrophy, reduced
PVR, and increased bladder capacity following prazo-
sin treatment in PUV patients (19). Mendez-Serrano re-
ported improved hydronephrosis and decreased risk
of progression of chronic kidney disease when com-
paring patients treated with and without alpha block-
ers (20). Conversely, botulinum toxin injection into the
bladder neck of patients with blader neck dysfunction
following VA failed to improve urodynamic parameters,
hydronephrosis or VUR resolution in a study by Mokh-
less et al. (15). Likewise, Sarin et al. failed to demonstrate
any urodynamic benefit when BNI was combined with
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VA (14). Singh et al. reported improved Qmax and PVR
with concomitant BNI, but similar compliance, detru-
sor overactivity, end-filling detrusor pressure, maximum
Pdet at Qmax and VUR resolution rates in a prospective
randomized study (21).

BNI is considered the most definitive treatment
of bladder neck obstruction and was widely practiced
in patients with PUV in the 1950s. This practice was
later abandoned for fear of incontinence and risk of
retrograde ejaculation (22). Concomitant VA and BNI
was proposed as one-stop treatment to relieve bladder
outlet obstruction, dramatically decrease voiding pres-
sures, and decompress the dilated upper tracts. Recent
data showing no ill effects of BNI on continence and
antegrade ejaculation provided assurance to advocates
of this approach. In a comparative study, 22 patients
treated with VA and BNI had a significantly lower maxi-
mal voiding pressure (53+15cm H20) and no detrusor
overactivity, whereas 24 patients treated with VA only
had Pdet maximal voiding pressure of 87+45cm H20
and 25% had detrusor overactivity. These favorable uro-
dynamic effects were associated with less long-term
need for anticholinergic treatment and CIC in patients
treated with concomitant VA and BNI (5). Long-term
follow-up of 301 patients treated with concurrent BNI
and PUV ablation by the same group showed improved
hydronephrosis from 88.3% at baseline to 24.3% and im-
proved VUR from 62.5% to 6.6% after a mean follow-up
of 5.1+ 2.8 years. None of those patients had myogenic
failure (23).

In addition to these potential long-term benefits
of concomitant BNI, Kajbafzadeh et al. reported addi-
tional short-term advantage with lower rates of readmis-
sion and short-term reoperation. Patients treated with VA
only had a reoperation rate of 24% compared to 0% in
patients treated with concomitant BNI and VA (5). In our
analysis, the reoperation rate within one year was simi-
lar with both approaches. 15% of patients treated with
VA only and 10% of patients treated with concomitant VA
and BNI failed to demonstrate clinical, laboratory, or ra-
diological improvement and eventually required at least
check cystoscopy to rule out residual bladder outlet
obstruction. After one year of follow-up, hydronephro-
sis and VUR resolution or improvement were not sig-
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nificantly different between the two study arms. Except
for a marginally lower median nadir serum creatinine in
the group treated with VA and BNI, other measures of
renal function outcome were not significantly different
between both groups. In a similar context, reoperation
rates and renal function measures were not significantly
different between VA only and concomitant VA and BNI
in a retrospective comparative study after a median
follow-up was 58 (18-230) months (6). It is noteworthy
that 4 patients in group A underwent BNI after suffering
repeated retention and/or febrile UTI in the absence of
other evidence of mechanical bladder outlet obstruc-
tion. The results were analyzed based on the intention
to treat. The 3 patients who had reoperation in group
B had check cystoscopy only. These factors could have
skewed the results in favor of VA only resulting in a sta-
tistically similar reintervention rate.

Recent long-term follow-up of patients who had
BNI during childhood for a variety of conditions showed
no effect of BNI on continence, antegrade ejaculation or
semen quality (24, 25). Hennus reported antegrade ejac-
ulation in 40 men who had superficial BNI at a mean age
of 4.5 years, 10.8% had reduced ejaculate volume and
5.8% had moderate incontinence (26). However, lack of
evidence of adverse effects of BNI does not justify its
routine use in the absence of compelling evidence of its
beneficial effects.

Several study limitations should be acknowl-
edged. First, the study included a small number of pa-
tients. Second, the diagnosis of bladder neck hypertrophy
was based on radiological and not urodynamic evalua-
tion. However, urodynamic testing is not commonly prac-
ticed before VA and there is no consensus on the defini-
tion of bladder outlet obstruction in infants. Should there
be evidence of bladder outlet obstruction on urodynamic
testing, it would be impossible to tell if it is caused by the
valve leaflet or bladder neck hypertrophy before VA. Sal-
vage BNI was performed in four patients in the VA arm
who suffered repeated urine retention and/or febrile UTI.
The use of the intention-to-treat analysis could have re-
sulted in the absence of significant outcome differences.
Further, the study follow-up duration is not long enough
to monitor renal function outcomes in chronic diseases
like PUV, but the primary study question was whether
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BNI reduces the need for short term reoperation. A recent
meta-analysis demonstrated potential long-term effects
of BNI on PUV outcomes but similar reintervention rates
(27). Finally, the study lacked urodynamic evaluation at
follow-up. Despite its value, urodynamics have several
limitations in the PUV population including sensate ure-
thras, difficult catheter insertion in patients with bladder
neck hypertrophy, the high prevalence of high-grade
VUR, and rater variability. These factors do not only in-
crease the technical difficulty of urodynamics, but also
limit the accuracy of bladder volume, pressure and com-
pliance measurements.

CONCLUSION

In patients with PUV, concomitant BNI and VA
does not confer additional short-term benefits com-
pared to VA only. Patients treated with concomitant BNI
and VA had similar rates of short-term reoperation, UTI,
hydronephrosis and VUR resolution. With short-term
follow-up, renal function outcomes were similar among
patients treated with VA only or with concomitant BNI.

ABBREVIATIONS

BNI = bladder neck incision

CIC = clean intermittent catheterization
eGFR = estimated glomerular filtration rate
PUV = posterior urethral valve

PVR = postvoid residual

VA = valve ablation

VUR = vesicoureteral reflux
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Single-dose Tamsulosin Induces Reversible
Azoospermia and Ejaculatory Dysfunction Suggesting
Potential for on-demand Male Contraception
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ABSTRACT

Purpose: Ejaculatory alterations are among the most frequent sexual side effects of a,-
adrenergic antagonists. Although often attributed to retrograde ejaculation, recent evidence
indicates that tamsulosin primarily disrupts seminal emission, occasionally leading to tran-
sient azoospermia. This study evaluated the frequency, timing, and reversibility of ejacula-
tory and seminal changes following a single oral dose of 0.8 mg tamsulosin in healthy men.
Materials and Methods: Thirty-one healthy male volunteers (aged 18-45 years) underwent
a baseline semen analysis, followed by six additional collections at 1-3 week intervals. Each
collection was performed at a different post-dose time point, spaced every 4 hours, to con-
struct a 24-hour post-administration profile. Semen parameters were assessed according
to WHO criteria, and post-ejaculatory urine was examined to detect retrograde ejaculation.
Temporal variations were analyzed using repeated-measures ANOVA, with effect sizes esti-
mated by Cohen's d.

Results: Seminal volume decreased significantly in 93.6% of participants, with aspermia in
80.7%, peaking 12 h after ingestion (p<0.001, d=2.05). Sperm concentration declined mark-
edly, with azoospermia in 80.7% (p<0.001, d=1.59) and normalized after wash-out in 2 days.
No retrograde ejaculation was observed. Adverse effects were mild and self-limited. A single
0.8 mg dose of tamsulosin caused a consistent, time-dependent disruption of seminal emis-
sion, producing transient azoospermia rather than retrograde ejaculation.

Conclusions: A single 0.8 mg dose of tamsulosin transiently suppressed seminal emission,
leading to reversible azoospermia within 12 hours most recovered by 24h, and all recovered
within 48h. Its predictable, reversible effect supports caution in men seeking conception
and further exploration as an on-demand male contraceptive model.
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INTRODUCTION

Tamsulosin is a type of alpha-blocker that
selectively targets a,A-adrenergic receptors. It helps
relieve lower urinary tract symptoms caused by be-
nign prostatic hyperplasia (BPH) and can also be
used alongside other treatments to aid in passing
ureteral stones (1, 2). Beyond its therapeutic role,
alpha-blockers are known to cause ejaculatory dis-
orders (1, 3), that vary among various drugs and are
more significant depending on the dose used, which
was classically interpreted as retrograde ejaculation.
(1, 3-7). However, accumulating experimental and
clinical evidence suggests that these events result
instead from failure of seminal emission, leading to
aspermia or even transient azoospermia (5, 8, 9).

Experimental models demonstrate that a,A-
receptors mediate contractility of the vas deferens,
seminal vesicles, and epididymal tail (8, 10-14). Phar-
macological blockades therefore disrupt coordinated
emissions and prevent seminal fluid and sperm ex-
pulsion (9, 12, 15). Clinically, this results in anejacula-
tion, markedly reduced volume, and sometimes com-
plete absence of sperm in the ejaculate (9, 16).

The present study aimed to characterize the
time course and reversibility of ejaculatory emission
failure and azoospermia following a single 0.8 mg
oral dose of tamsulosin in healthy volunteers, and
to confirm whether these alterations are due to true
emission failure rather than retrograde ejaculation.

MATERIALS AND METHODS

Male volunteers were recruited based on the
following inclusion criteria: age between 18 and 45
years, lack of continuous alpha-blocker medication,
and the ability to collect sperm by masturbation. The
exclusion criteria were history of neurological disor-
ders, liver disease, nephropathy, use of exogenous
testosterone, anabolic or androgenic steroids, dia-
betes mellitus, pelvic or genital surgery, concomitant
use of specific medications (ketoconazole, erythro-
mycin, other alpha-blockers, warfarin, and diclof-
enac), altered sperm analysis according to WHO
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standards (17), and refusal to provide an informed
consent form (ICF).

Individuals were clinically assessed for anatom-
ical alterations in the genitourinary tract or neurological
alterations associated with ejaculatory dysfunction risk
within specific physical exam. An initial semen sample
was collected to establish the baseline parameters for
study inclusion and to serve as a control without the use
of medication.

The medications should be taken using a com-
mercial presentation of tamsulosin hydrochloride (Om-
nicOcas ® Astellas Pharma Europe BV, Hogemaat 2,7942
JG Meppel, The Netherlands, registered and imported
by Astellas Farma Brasil Importagéo e Distribuigdo de
Medicamentos Ltda, Sao Paulo, SP, Brazil) of 0.4 mg, and
orally administered two tablets in a single dose totaling
0.8 mg under controlled ingestion, guided by a single
evaluator, and reinforced by telephone. The administra-
tion time of medication was standardized to align with
morning semen analysis. A 0.8 mg dose was chosen in
accordance with previous studies reporting a more pro-
nounced influence on ejaculatory dynamics and semen
analysis findings compared with lower doses (10, 18).

Each collection was performed at a different
post-dose time point, spaced every 4 hours (h), to con-
struct a 24-h post-administration profile. All samples
were collected by masturbation in a sterile collection
bottle. The analyses were performed by experienced
professionals from an assisted reproduction clinic un-
der WHO recommendations (17), including a 2-3-day
abstinence period and regulated quality standards, in-
cluding centrifugation of the sample when no sperm
was found in the initial evaluation. However, for statis-
tical analysis, seminal volume and sperm concentra-
tion were considered. The individuals had their semen
samples collected by masturbation, and immediately
afterwards, their urine was collected to investigate ret-
rograde ejaculation in cases where there was no ante-
grade emission or low volume. Urine was collected in
a sterile vial containing 1 mL buffered culture medium
(Figure-1, study design protocol).

The participants were questioned on their re-
turn visits about the potential adverse effects of single-
dose alpha-blocker use.

2/12



Figure 1 - Study flow and medication schedule with subsequent semen analysis
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The sample size was determined based on pre-
viously reported semen volumes and sperm concentra-
tion values after alpha-blockers oral intake (10, 16). The
highest calculated values were obtained. Accordingly, to
ensure statistical significance with a 95% confidence in-
terval, a minimum of 14 participants was required. When
limiting Type Il errors with a statistical power of 0.8, the
total number of participants required increased to 28.

We assumed that a reduction of > 95% would
be considered clinically significant for changes in ei-
ther volume or concentration. The variability in semen
volume and sperm concentration is well recognized
because of the intrinsic biological nature of spermato-
genesis, which may exhibit high variation in response to
different stimuli and conditions (17). Therefore, a sample
size of 28 participants was selected to accommodate
natural fluctuations and biological effects.

Categorical variables are expressed as relative
and absolute frequencies. To compare the variation in
the measurements, we used the repeated measures
ANOVA test and post-hoc analysis with paired compari-
sons to identify the specific and significant moments
of difference between the intervals, as well as the Ben-
jamini-Hochberg correction to adjust the p-values and
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balance the risk of false positives. To assess the mag-
nitude of the effect on ejaculatory volume and seminal
concentration, we used the calculation proposed by
Cohen, which is the difference between the means of
the two groups divided by their joint standard deviation.
The interpretation of Cohen’s d depends on the values
obtained: values less than or equal to 0.2 have a small
effect, between 0.3 and 0.7, a medium effect and from
0.8 onwards, the effect is considered large. Phyton ® ver-
sion 3.9, and Jupyter Notebook version 7.0.8 software
were used.

This study was approved by the local ethics
committee under protocol CAEE26124719.2.0000.0082
of May 2021 and was registered in the Brazilian Registry
of Clinical Trials under number RBR-3hsj6g6.

RESULTS

Thirty-four individuals (mean age 24.45 years,
SD 4.71) who met the inclusion criteria were recruited
between December 2021 and January 2023. Two in-
dividuals were requested to leave the study because
they were unable to complete the collection period ad-
equately. One patient requested to leave owing to mild
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adverse effects, as described later. Thirty-one patients
completed the study. Tables 1and 2 show the character-
istics of the recruited individuals and baseline seminal
volume and concentration values.

After all seminal analyses during the determined
periods, a decrease in seminal volume was identified in
29/31 (93.6%) individuals, of which 25/31 (80.7%) had

Table 1 - Characteristics of the study population.

sequent recovery in seminal volume occurred concomi-
tantly with changes in sperm concentration, indicating
an effect throughout the entire ejaculatory pathway,
from the vas deferens to the seminal vesicles. (Figure-3,
scatter plot with smoothed regression lines).
Repeated-measures analysis of variance (re-
peated-measures ANOVA) was performed to assess

Characteristics n %
Participants 31 100
Smoking
Yes 3 09.68
No 28 90.32
Alcohol consumption
Yes 15 48.39
No 16 51.61
Use of medication*
Yes 7 22.58
No 24 7742
*not described as related to seminal alteration or interaction with tamsulosin.
Table 2 - Seminal analysis baseline values.
Variables Median IQR p*
Basal volume (mL) 3 2.25-4.0 0.024
Basal concentration (million/mL) 134.2 85.85-199.55 0.002

* Shapiro-Wilk test

aspermia (Table-3A). In relation to sperm concentration,
values below the 5th percentile of the WHO standard
(17), considered oligozoospermia and/or azoospermia,
were observed in 27/31 (871%) individuals. Of these,
25/31 (80.7%) presented azoospermia in at least one
sample (Table-3B). Urine analyses confirmed the ab-
sence of spermatozoa, excluding retrograde ejaculation.
Figure-2 demonstrates variation in seminal volume and
sperm concentration over 24h. The decrease and sub-
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differences in seminal parameters over different collec-
tion times. To identify pairs of moments with significant
differences, we performed paired multiple comparison
analysis (post-hoc analysis) (Table-4).

A sharp decline in seminal volume was ob-
served as early as 4h post-dose and also there was a
marked reduction in seminal volume during the first 12h,
with the lowest average volume recorded during this
period (0.55 mL). Sperm concentration also decreased
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Table 3 - Evaluation of seminal volume(3A) and sperm concentration (3B) in relation to the interval in hours
after ingestion of tamsulosin 0.8mg.

3A Collection Median hypospermia n (%)* aspermia n (%)*
interval (h) [IQR]
Baseline 3.0 0(0) 0(0)
[2.25-4.0]
4 15 12 (38.7) 2(6.4)
[0.8-2.65]
8 05 10 (32.2) 11(35.4)
[0.0-1.45]
Seminal volume (mL) 2 [0.(()):(()).7] 4{129) 21(677)
16 0.4 8(25.8) 10 (32.2)
[0.0-2.2]
20 11 9 (29.0) 8 (25.8)
[01-2.45]
24 14 4(12.9) 3(9.6)
[0.45-2.85]
Number of individuals 29/31(93.6) 25/31(80.65)
affected
3B Collection Median Sperm concentration azoospermia n (%)*
interval (h) [1QR] lower than WHO p5 n
(%)*
Baseline 134.2 0(0) 0(0)
[85.85-199.55]
4 70.0 6 (19.35) 5(16.1)
[29.3-118.25]
8 343 14 (45.16) 13 (419)
[0.0-59.85]
12 0.0 25 (80.65) 25 (80.65)
Sperm concentration (M/ [0.0-0.0]
mL) 16 2.0 17 (54.83) 15 (48.4)
[0.0-1034]
20 275 13 (41.93) 11(35.48)
[0.0-75.55]
24 79.0 13 (41.93) 7 (22.58)
[0.24-136.45]
Number of individuals 27/31(871) 25/31(80.7)
affected
* Number of individuals in the period (there may be repetitions in the intervals)
Int Braz J Urol. 2026; 52(3): €20250601 5/12



IBJU | TAMSULOSIN AND ON-DEMAND CONTRACEPTION

Figure 2 - Variation in seminal volume and sperm concentration over 24 hours at intervals of every 4 hours
after taking a single dose of tamsulosin 0.8mg.
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A - Box plot of the median variation and 95% confidence interval of sperm concentration at each collection time; M/mL = Million/mL; B = Box
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Figure 3 - Temporal variation in sperm concentration and seminal volume following a single 0.8 mg dose of
tamsulosin.
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Table 4 - Analysis of the time of change in seminal parameters in relation to the tamsulosin 0.8mg intake

interval.
Variable Collection Mean SD p* p cor** ol
interval (h)

Baseline 320 153
4 1.96 171 0.003 0.007 0.760
8 0.95 117 < 0.001 < 0.001 1.647
Seminal volume (mL) 12 0.55 0.99 <0.001 <0.001 2.049
16 123 154 < 0.001 < 0.001 1.282
20 1.60 1.87 < 0.001 < 0.001 0.936
24 1.89 1.99 0.001 0.003 0.734

Baseline 165.84 m.27
4 91.88 94,53 0,005 0,012 0.716
8 41.50 50.96 < 0.001 < 0.001 1437
Sperm concentration (M/mL) 12 2477 5747 < 0.001 < 0.001 1593
16 5141 68.02 < 0.001 <0.001 1.241
20 58.77 7422 0.001 0.003 1132
24 90,91 106.79 0.012 0.023 0.687

* ANOVA of repeated measures; *post-hoc analysis with paired comparisons; **Cohen's d effect size. mL = mililiter; M/mL = million/mL

significantly after the initial collection and then began to
increase gradually, as with seminal volume. The reduc-
tion in concentration was substantial at 8h and 12h (d =
1.437 and 1593, respectively), representing large effects.

At 24h post-dose 7 individuals (22.6%) re-
mained with azoospermia, however all of them re-
turned to antegrade ejaculation with spermatozoa
confirmed with a sperm analysis 2 days after last
oral medication (Figure-4, heat map showing indi-
viduals sperm concentration).

Adverse effects were mild (headache, dizziness,
rhinitis), and no systemic intolerance occurred. No par-
ticipant experienced nausea, syncope, or clinically sig-
nificant hemodynamic changes (Table-5). One partici-
pant requested to leave the study because of diarrhea
(one episode of liquid stool) within 48 hours of taking
the medication.

DISCUSSION

A single 0.8 mg dose of tamsulosin produced a
consistent, time-dependent interruption of seminal emis-
sion leading to azoospermia in over 80% of healthy men.
The magnitude and reversibility of these findings rein-
force the concept that selective a;,A-adrenergic blockade
impairs emission rather than ejaculation per se.

Animal studies indicate that alphalA-adrenergic
receptors mediate contraction of the cauda epididymis
(1), vas deferens (12, 19), and seminal vesicles (12) in
rats and pigs, whereas alphalD-adrenergic receptors af-
fects (9) the contraction of both the epididymis and vas
deferens when induced by noradrenaline, contributing
to ejaculation disorder by altering the sperm emission
phase. (19) A comparative study of four different types
of alpha-blockers in rats revealed increased seminal
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Figure 4 - Heat map showing individuals sperm concentration.
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Table 5 - Occurrence of adverse effects potentially related to the use of oral tamsulosin 0.8mg single dose.

Symptoms 4h 8h 12h 16h 20h 24h
n (%) n (%) n (%) n (%) n (%) n (%)
Dizziness 0(0) 4(12.9) 3(9.6) 1(3.2) 2(6.4) 1(3.2)
Headache 4(12.9) 4(12.9) 8(25.8) 5(16.1) 4(12.9) 3(9.6)
Palpitation 1(3.2) 0(0) 2(64) 1(3.2) 2(6.4) 1(3.2)
Postural hypotension 0(0) 0 (0) 2 (6.4) 0(0) 6 (19.4) 0(0)
Rhinitis 0(0) 5 (16.1) 7(22.6) 5(16.1) 0(0) 6 (19.4)
Constipation 0(0) 1(3.2) 2 (6.4) 0(0) 0(0) 2 (6.4)
Diarrhoea 0(0) 0 (0) 0 (0) 1(3.2) 0(0) 0(0)
Skin rash 0(0) 0(0) 1(3.2) 0(0) 0(0) 0(0)
Itching 0(0) 0(0) 1(32) 0(0) 0(0) 0(0)
Weakness 0(0) 0(0) 1(3.2) 1(3.2) 0(0) 0(0)

vesicle dimensions and reduced ejaculatory function,
with the effects depending on the type of medication
and dose. (5) Studies in pigs have evaluated the role of
both alpha- and beta-adrenergic receptors in response
to noradrenaline stimulation in electrical impulses and
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the antagonistic effect of the use of beta- and alpha-
blockers. (13, 14)

In clinical trials ejaculatory disorders were
more prevalent with alpha-blockers than placebo (OR
5.88; p<0.0001), particularly selective alphalA blockers



such as tamsulosin (OR 8.58; p=0.006) and silodo-
sin (OR 32.5; p<0.0001). (6) Ejaculation effects can
be reduced by adjusting the dosage and administra-
tion of tamsulosin (20, 21). In a study involving 1,740
men taking 0.4 mg of tamsulosin continuously for
LUTS(21), 6.7% reported ejaculatory disorders and
were randomized to reduce the dose to 0.2 mg, take
0.4 mg every other day or maintain the dosage for
3 months. The response rates for symptom mainte-
nance were 9.6, 25.8, and 100%, respectively.

Differentiating between anejaculation and ret-
rograde ejaculation is clinically relevant because an-
ejaculation results in azoospermia. This differentiation,
based solely on an individual's clinical complaint, can
lead to under-diagnosis; therefore, it should ideally in-
volve sperm testing in the urine after ejaculation (22).
Grasso et al. (23) found sperm in the urine post-ejac-
ulation in 6 of 10 individuals taking tamsulosin 0.4 mg
for BPH who complained of decreased seminal volume.
In another study of 42 individuals taking either 0.4 mg
tamsulosin or 0.8 mg silodosin for 12 weeks for BPH, all
reported changes in ejaculation after starting the medi-
cation, and 66.7% had no sperm in their urine (22).

A previous study on the effects of alpha-block-
ers on seminal parameters in healthy adult men showed
a reduction in seminal volume and sperm concentration
in a group that used tamsulosin, with five individual pre-
senting with azoospermia; none had sperm in the urine
after ejaculation. (8) In one individual with marked hypo-
spermia, transrectal ultrasound revealed reduced sperm
emission and turbulence in ejaculatory ducts.

However, in a double-blinded, randomized, pla-
cebo-controlled pilot study, 57 individuals using medi-
cation for a period of 5 days were randomized into 3
groups (placebo, tamsulosin and alfuzosin) with 90%
of the individuals using tamsulosin showing a decrease
in seminal volume, and a significantly greater change
in volume was found in the tamsulosin group (-2.4+0.17
mL) compared to placebo (+0.4+0.18, p<0.0001) or alfu-
zosin (+0.3+0.18, p<0.001) (25). A total of 35.4% of indi-
viduals with anejaculation were identified in the tamsu-
losin group, with no change in the presence of sperm in
the urine after orgasm compared to baseline and no dif-
ference with placebo (18). In the present study, of 29/31
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(93.6%) patients showed a change in volume, identifying
80.7% of individuals with anejaculation. In addition, 25
(80.7%) patients had no spermatozoa detected in post-
ejaculatory urine. The higher incidence of aspermia
observed in this study compared to previous reports is
related to the use of doses higher than those typically
prescribed in clinical practice. Moreover, ejaculation
was documented during masturbation, whereas in real-
life settings patients may not notice seminal emission
if they engage exclusively in penetrative sexual activity.

The presence of beta-adrenergic receptors 1, 2,
or 3 in the prostate has been described in a few stud-
ies, and, the main action is related to Beta-2 adrenergic
receptors, and their blockade results in tissue contrac-
tion, particularly in individuals without BPH (24). This
could explain the inconsistency in the effect of reduc-
ing sperm volume and concentration with the use of
alpha-blockers in the two individuals in this study, who
were taking beta-blockers continuously because of
systemic arterial hypertension.

The theory of possible male contraception which
involves blocking alphalA-adrenergic action is also
based on animal studies. Administration of tamsulosin to
rats reduced the number of spermatozoa in the ejaculate
as well as the number of embryos per pregnancy (25). In
humans, Wang et al. (10) evaluated 40 young men aged
22 to 31 in a randomized, crossover, placebo-controlled
study with a single dose of 0.4 mg and 0.8 mg tamsulosin
and analyzed the seminal profile and urine after orgasm
4-6 hours after taking the medication. Anejaculation and
azoospermia were found in 100% of the individuals who
used the 0.8 mg dose, with a decrease in seminal volume
and total mobile sperm count when the 0.4 mg dose was
used (10). In the present study, we observed anejaculation
in 80.7% of the patients, all of whom were diagnosed with
azoospermia using the 0.8 mg single dose. Using silodo-
sin, a selective alpha-blocker, Kobayashi et al. (26) evalu-
ated 15 volunteer urologists in a double-blind study using
a dose of 4 mg twice daily for 6 days, which was com-
pared to a placebo. The authors observed anejaculation
in all individuals, with absolute azoospermia confirmed
using post-orgasm urine analysis. More recently, Bhat
and Shastry (27) prospectively evaluated a cohort of 63
men with normal sperm counts and partners of reproduc-

9/12



tive age for one year. Silodosin 8 mg was administered
approximately 3 hours before sexual intercourse. No un-
intended pregnancies have been reported. In all cases,
azoospermia was reversible after discontinuation of the
alpha-blocker treatment.

Although this study was not designed to assess
contraception, the consistent and reversible induction
of azoospermia supports the theoretical feasibility of
a,A blockade as a non-hormonal approach to transient
sperm suppression. The notion that selective a-blockers
might act as reversible male contraceptives remains rel-
evant, given accumulating evidence that men increas-
ingly wish to share contraceptive responsibility with
their partners (28). This has been a challenge for years,
with most strategies using hormonal alternatives having
undesirable side effects and/or long-term or irreversible
effects on fertility (29). Because we did not evaluate re-
peated dosing, long-term use, pregnancy outcomes, or
delayed doses, no contraceptive schedule or "safe win-
dow" can be proposed based on our findings. Because
this was a mechanistic experiment, we selected the su-
pratherapeutic dose to maximize detection of reversible
ejaculatory blockade within a 24h window. The need for
semen monitoring and contraceptive reliability requires
dedicated larger and longer prospective studies.

An additional factor that may influence the
magnitude and consistency of ejaculatory effects is
the pharmaceutical formulation of tamsulosin. The oral
controlled absorption system (OCAS) provides a slow-
er and more uniform release profile, resulting in lower
peak plasma concentrations and reduced fluctuations
in systemic exposure compared with the immediate-
release formulation (30). This pharmacokinetic behavior
may attenuate the intensity of a,A-adrenergic blockade
at critical time points for seminal emission, potentially
explaining the lower frequency or milder expression of
ejaculatory dysfunction reported in some clinical series
using OCAS formulations. Therefore, future studies aim-
ing to precisely characterize the timing, reversibility, and
magnitude of ejaculatory suppression should preferen-
tially employ the immediate-release formulation of tam-
sulosin, allowing a clearer assessment of peak-related
effects on seminal emission and facilitating comparison
across pharmacodynamic endpoints.
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The strengths of this study are represented by
the standardized semen analysis, controlled timing of
collections, objective urine analysis to rule out retro-
grade ejaculation, and paired intra-individual compari-
sons, guaranteeing the reversibility of the effect. The
limitations include the small number of individuals in
the sample despite the sample calculation and lack of
hormonal assessment.

CONCLUSION

In conclusion, a 0.8 mg dose of tamsulosin
significantly reduced seminal volume and sperm
concentration within the first 12h, often leading to
azoospermia in numerous individuals. All individu-
als recovered from ejaculatory dysfunction with
normal sperm concentration more than 24h post-
medication, confirming the reversibility of the ef-
fect in a safe manner, with minimal adverse effects.
Given its marked and reversible impact on seminal
emission, tamsulosin should not be prescribed to
men actively attempting conception, as many pa-
tients may not perceive the reduction in ejaculate
volume during penetrative intercourse, potentially
leading to unrecognized iatrogenic infertility. These
findings also warrant further investigation of tamsu-
losin and related agents as potential pharmacologic
models for on-demand male contraception.
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INTRODUCTION

Male hypogonadism is a common endocrine
disorder with significant clinical, metabolic, and psy-
chosocial consequences. Its recognition and manage-
ment have become increasingly complex due to the ris-
ing prevalence of obesity, metabolic syndrome, and the
recreational or therapeutic use of anabolic-androgenic
steroids (AAS). These factors not only affect circulating
testosterone levels but also exert far-reaching effects on
fertility, bone health, and overall quality of life.

Advances in understanding the pathophysiol-
ogy of hypogonadism have emphasized the need for
individualized, evidence-based therapeutic strategies.
Testosterone replacement therapy remains the primary
treatment for most patients with male hypogonadism.
Selective estrogen receptor modulators are effective al-
ternatives, particularly for men with functional hypogo-
nadism who wish to preserve fertility. Current consen-
sus guidelines advocate a multidisciplinary approach
integrating endocrinology, urology, sexual medicine,
and primary care to achieve optimal patient-centered
outcomes.

This position statement introduces the first mul-
tidisciplinary Brazilian consensus developed jointly by
the Brazilian Society of Endocrinology and Metabolism
(SBEM), the Brazilian Society of Urology (SBU), and the
Brazilian Association for Sexual Medicine and Health
(ABEMSS) to guide the diagnosis and management of
male hypogonadism; assist in the standardization of
diagnostic thresholds and therapeutic targets for testos-
terone replacement in the Brazilian context and offers
the adaptation of international evidence to local clinical
practice and regulatory availability.

This position statement applies evidence-grad-
ed recommendations based on the strength and quality
of available data, adapted from internationally recog-
nized endocrine and urological guideline frameworks.
Levels of evidence reflect methodological rigor and
consistency of supporting studies, and recommenda-
tions are categorized according to clinical benefit and
risk. When high-quality evidence is limited, expert con-
sensus from specialists in endocrinology, urology, and
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sexual medicine was applied to guide best practice in
the Brazilian setting. This approach ensures scientific
rigor while maintaining practical applicability in routine
clinical care.

DIAGNOSIS OF HYPOGONADISM IN MEN

Definition and Classification

Male hypogonadism is defined as a clinical syn-
drome characterized by a combination of specific signs
and symptoms and confirmed biochemical evidence of
testosterone deficiency. It reflects impaired testicular
function resulting in decreased production of andro-
gens and/or impaired spermatogenesis, with potential
adverse effects on multiple organ systems and quality
of life (1-5).

Hypogonadism is broadly classified into prima-
ry (hypergonadotropic) and secondary (hypogonado-
tropic) forms. Primary hypogonadism arises from intrin-
sic testicular failure, typically accompanied by elevated
gonadotropin levels (2, 3). Secondary hypogonadism
results from impaired hypothalamic or pituitary stimula-
tion of the testes, characterized by low or inappropri-
ately normal levels of gonadotropins (2-4). A compen-
sated form is also recognized, characterized by normal
testosterone levels with elevated luteinizing hormone
(LH) (3). A third category, androgen resistance, refers
to rare conditions where tissue insensitivity to testos-
terone is present, despite normal or elevated circulat-
ing testosterone levels. This includes partial or complete
androgen insensitivity syndrome and enzymatic defects
affecting androgen metabolism (3).

An important emerging concept is functional
hypogonadism, which affects both young, middle-
aged and older men. Functional hypogonadism is
diagnosed when no identifiable organic pathology
of the hypothalamic-pituitary-gonadal (HPG) axis
is present. It is frequently associated with chronic
systemic diseases, obesity, diabetes mellitus, and in-
flammatory conditions, all of which can impair the
HPG axis and testosterone production (2, 3). Func-
tional hypogonadism is often reversible with resolu-
tion or optimization of the underlying condition.
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Physiology of the Hypothalamic-Pituitary-Gonadal
(HPG) Axis

Clinicians must recognize that the HPG axis
is fundamental for the regulation of male reproductive
function and testosterone homeostasis. The hypothala-
mus secretes gonadotropin-releasing hormone (GnRH)
in a pulsatile fashion, which stimulates the anterior pi-
tuitary to release LH and follicle-stimulating hormone
(FSH) (4, 6). LH primarily stimulates Leydig cells in the

testes to produce testosterone, whereas FSH acts on
Sertoli cells to promote spermatogenesis and inhibin B
production. It is essential to maintain the physiological
pulsatility of GnRH, as continuous stimulation can lead
to receptor desensitization and impaired gonadotropin
secretion (7). Figure-1schematically describes the phys-
iology of the HPG (Figure-1).

Healthcare providers should be aware that
testosterone exerts widespread effects across multiple

Figure 1 - Schematic representation of the hypothalamic-pituitary-gonadal (HPG) axis and its regulatory

feedback mechanisms.
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The figure illustrates the hypothalamic-pituitary-gonadal (HPG) axis and the endocrine feedback loops that regulate male reproductive function.
Gonadotropin-releasing hormone (GnRH) is secreted by the hypothalamus and stimulates the anterior pituitary to release luteinizing hormone
(LH) and follicle-stimulating hormone (FSH). LH acts on Leydig cells to promote testosterone synthesis, whereas FSH acts on Sertoli cells to
support spermatogenesis and stimulate the production of inhibin B. Testosterone and estradiol (via aromatization) exert negative feedback at both
the hypothalamic and pituitary levels, while inhibin B selectively suppresses pituitary FSH secretion. The coordinated action of these hormones
maintains testicular function and regulates male reproductive homeostasis.

GnRH = gonadotropin-releasing hormone; LH = luteinizing hormone; FSH = follicle-stimulating hormone; HPG = hypothalamic-pituitary-gonadal.
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organ systems, mediated through androgen recep-
tors. Approximately 60% of circulating testosterone is
bound to sex hormone-binding globulin (SHBG), 38%
to albumin, and about 2% remains free and biologically
active (1, 4). Peripheral conversion of testosterone to
dihydrotestosterone (DHT) via 5a-reductase and to es-
tradiol via aromatase must be considered, given their
critical roles in androgenic activity and bone health, re-
spectively. Both testosterone and estradiol exert nega-
tive feedback at the hypothalamic and pituitary levels,
regulating GnRH, LH, and FSH secretion to maintain
hormonal equilibrium (8).

When evaluating patients, clinicians must as-
sess for potential disruptions at all levels of the HPG axis
(9). A clear understanding of HPG axis physiology is in-
dispensable for the precise diagnosis and individualized
treatment of male hypogonadism.

Recommendation 01: Clinicians should perform a
structured evaluation of the HPG axis, considering pri-
mary, secondary, and functional causes of hypogonad-
ism (Class: |, Level of Evidence: B).

Epidemiology and Prevalence in Brazil

Hypogonadism often remains underdiagnosed,
underreported, and paradoxically, sometimes overtreat-
ed. Prevalence estimates vary from 2% to over 30%, de-
pending on the population studied (10).

Understanding the epidemiology of male hypo-
gonadism allows for the determination of the merits of
androgen deficiency screening, the predictive value of
diagnostic tests, and the socio-economic impact asso-
ciated with the disorder (10). In the United States, ap-
proximately 481,000 new cases of hypogonadism occur
annually among men aged 40 to 69 years (11).

In Brazil, the epidemiological characterization
of male hypogonadism remains limited, mainly due to
the lack of large-scale population studies. Neverthe-
less, factors such as population aging, and the high
prevalence of obesity and diabetes indicate that hypo-
gonadism represents a significant public health issue
(12). The association between obesity and functional
male hypogonadism (MOSH: Male Obesity Secondary
Hypogonadism) is widely recognized and corroborat-
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ed by international guidelines, such as those from the
medical societies of Endocrinology and Metabolism
and Urology (3, 12, 13).

Demographic projections indicate that the pro-
portion of individuals aged 65 and older will increase
significantly in the coming decades. The literature shows
that with aging, total serum testosterone decreases
by 1.6% per year, and sex hormone-binding globulin
(SHBG) levels increase by 1.3% annually (2-4). These
physiological changes are related to overall health sta-
tus. In Brazil, essential challenges persist, including the
need for representative population studies, laboratory
standardization, and awareness campaigns to reduce
underdiagnosis of the condition.

Clinical Signs and Symptoms

The clinical manifestations of testosterone
deficiency are predominantly nonspecific. The pre-
sentation varies according to the age at onset, sever-
ity of deficiency, presence of comorbidities, individual
differences in androgen sensitivity, and prior expo-
sure to testosterone therapy (3-5, 14). There are no
population-based studies comprehensively evaluat-
ing the spectrum of symptoms and signs across the
full severity range of male hypogonadism (4). Table-1
comprises specific and non-specific signs and symp-
toms suggestive of testosterone deficiency.

While screening questionnaires may offer clini-
cal utility, they lack sufficient specificity to support their
use in systematic screening for hypogonadism (3, 20).

In cases of suspected or confirmed hypogonado-
tropic hypogonadism, all individuals should be systemati-
cally queried regarding their sense of smell to evaluate for
hyposmia or anosmia, which may indicate underlying ge-
netic syndromes such as Kallmann syndrome (2-4).

Recommendation 02: All men should be asked during
medical consultations about possible signs and clini-
cal symptoms associated with low testosterone levels
(Class: |, Level of Evidence: A).

Recommendation 03: We recommend against routine

screening of men in the general population for hypogo-
nadism. (Class: lll, Level of Evidence: A).
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Table 1- Symptoms and signs suggestive of testosterone deficiency in Men (1-5, 14-19).

Specific testosterone deficiency

Incomplete or delayed sexual development
Loss of body (facial, axillary and pubic) hair
Very small testes (<6 mL)

Suggest testosterone deficiency

Decreased libido, diminished sexual thoughts

Erectile dysfunction, fewer spontaneous (morning and nocturnal) erections
Delayed ejaculation, reduced ejaculate volume, diminished orgasmic intensity

Gynecomastia

Eunuchoid body proportions

Infertility

Vasomotor symptoms (e.g., hot flushes, sweating),
Fine wrinkling of the skin (especially peri orally)

Height loss, low-trauma fractures, and reduced bone mineral density.

Nonspecific but associated with testosterone deficiency

Decreased energy levels, low or depressed mood, irritability, reduced motivation,

Fatigue

Cognitive changes (including impaired concentration and memory)

Sleep disturbances, excessive daytime sleepiness

Diminished muscle strength, reduced physical performance or activity

Increased adiposity (particularly visceral fat)
Unexplained mild normochromic, normocytic anemia

Recommendation 04: Individuals with hypogonad-
ism, physical examination is an essential component of
clinical assessment. It should include evaluation of sec-
ondary sexual characteristics (such as facial and body
hair, and pubertal development), breast tissue (gyneco-
mastia), body composition (weight and fat distribution),
muscle mass, and skeletal structure/function. Examina-
tion of the testes should assess size, consistency, and
location, while penile evaluation should include length
and the position of the urethral meatus. Attention should
also be given to the identification of syndromic features
suggestive of underlying genetic or developmental dis-
orders (Class: |, Level of Evidence: A).

Laboratory evaluation

The diagnosis of male hypogonadism depends
on both clinical and biochemical findings. However,
since clinical decisions can be made based on labo-
ratory results at both the time of diagnosis and during
follow-up, ensuring the reliability of these data is cru-
cial. Total testosterone (TT) concentration is the recom-
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mended test for the initial evaluation of male hypogo-
nadism. Its levels fluctuate throughout the day, peaking
in the morning, and can be influenced by food and glu-
cose intake. Therefore, blood samples should be collect-
ed in the morning, between 7 and 10 a.m,, following an
overnight fast. Any reduced levels should be confirmed
by a second sample under the same conditions, ideally
with a 4-week interval. Blood collections should not be
performed during acute illness or during an exacerba-
tion of chronic condition (4, 14, 21-24).

Conditions that affect SHBG levels can influence
testosterone results. Obesity, diabetes mellitus, gluco-
corticoid use, androgenic and progestogenic steroids,
nephrotic syndrome, acromegaly, and hypothyroidism
are among the conditions that can reduce SHBG lev-
els, thereby increasing free testosterone (FT) concen-
trations. Elevated SHBG levels may be associated with
aging, liver disease, hyperthyroidism, HIV infection, es-
trogens and anticonvulsants (3, 4, 25).

In Brazil, most laboratories use automated im-
munoassays (chemiluminescence-based) for measur-
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ing total testosterone. Immunoassays are considered
acceptable for clinical evaluation in adult men. The gold
standard method for total testosterone measurement
is liquid chromatography-tandem mass spectrometry
(LC-MS/MS), which is not routinely available in clini-
cal practice in Brazil. This method offers superior ac-
curacy and specificity, particularly at low testosterone
concentrations (such as in children or men with severe
hypogonadism). The Endocrine Society, the Interna-
tional Federation of Clinical Chemistry and Laboratory
Medicine (IFCC), and the CDC Hormone Standardiza-
tion Program (HoSt) recommend the use of LC-MS/MS
or immunoassays calibrated with traceable reference
standards (4, 14).

Laboratory values for the diagnosis of hypogo-
nadism vary across different guidelines, based on stud-
ies conducted with populations of young men without
comorbidities, using LC-MS/MS as a methodology for
measuring total testosterone.

Several international societies provide refer-
ence thresholds for the biochemical diagnosis of male
hypogonadism based on morning total testosterone
(TT) measured with a validated assay. Most guidelines
converge on lower TT limits between 264 and 350 ng/
dL, depending on the methodology and population ref-
erence standards. The Endocrine Society recommends
264 ng/dL as the cutoff for low TT, whereas the Ameri-
can Urological Association adopts 300 ng/dL, and Eu-
ropean and sexual medicine societies (EAU, EAA, ISSM)
generally use values around 350 ng/dL (1-5, 15, 16).

In this consensus, TT values <264 ng/dL sup-
port the diagnosis of hypogonadism, values >350 ng/
dL typically exclude the condition, and men with TT be-
tween 264-350 ng/dL require additional biochemical
assessment — particularly when SHBG abnormalities
are present. In cases of TT between 264 and 350 ng/
dL, or conditions that alter SHBG levels, additional labo-
ratory evaluation is required, including measurement of
SHBG and albumin to estimate FT using the Vermeulen
equation (http://www.issam.ch/freetesto.htm), as the
gold-standard method (equilibrium dialysis) for direct
FT measurement is expensive and not widely available.
In these cases, a cutoff value of 6.5 ng/dL for calculated
free testosterone (cFT) is recommended (4, 14, 23, 26).
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Once the diagnosis of hypogonadism is con-
firmed, the next step is to investigate its etiology by
distinguishing between primary and secondary causes,
which can be done by measuring gonadotropins (LH
and FSH) (2-4). Patients with low or inappropriately nor-
mal gonadotropin levels should undergo further investi-
gation, including the measurement of prolactin, thyroid
function, and transferrin saturation index, to rule out iron
overload syndromes (28, 29).

Semen analysis represents a fundamental tool
in the evaluation of men with hypogonadism, particu-
larly when fertility preservation is a concern. Beyond
its role as the gold standard for assessing male fertility
potential, semen analysis provides indirect but clinically
relevant information on testicular function, since sper-
matogenesis is a sensitive marker of the integrity of the
HPG axis. Basic parameters, including semen volume,
sperm concentration, motility, and morphology, allow
characterization of both quantitative and qualitative as-
pects of spermatogenesis.

In patients with testosterone deficiency, abnor-
malities such as oligozoospermia, asthenozoospermia,
or even azoospermia may reflect impaired Leydig and
Sertoli cell function, with consequent reductions in both
androgen production and germ cell support (1, 3). Cur-
rent guidelines emphasize the importance of performing
a baseline semen analysis prior to initiating testosterone
therapy in men with hypogonadism who desire fertility,
as exogenous testosterone suppresses gonadotropin
secretion and profoundly impairs spermatogenesis (3,
30). Thus, knowledge of the patient's reproductive po-
tential before therapy is critical for counseling, clinical
decision-making, and, when necessary, the institution of
fertility-preserving strategies such as cryopreservation
or gonadotropin-based treatment (2).

According to the World Health Organization
(WHO, 2021), the lower reference limits (5th percentile,
p5) and median values (50th percentile, p50) for se-
men parameters were established based on fertile men
whose partners achieved pregnancy within one year of
unprotected intercourse. The ejaculate volume presents
a lower reference limit of 1.4 mL, with a median of 3.0
mL, when collected after a period of 2-7 days of sexual
abstinence. The sperm concentration should be at least
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16 million spermatozoa per milliliter, with a median of
66 million/mL, while the total sperm count per ejaculate
has a lower reference limit of 39 million and a median
value of 210 million spermatozoa. In terms of motility, the
total motility (progressive + non-progressive) should
reach at least 42%, with a median of 64%, and the pro-
gressive motility (PR) alone should be >30% (median
55%), which is considered a strong predictor of fertiliza-
tion capacity. Regarding vitality, at least 54% of sperma-
tozoa must be alive (median 78%), as assessed prefer-
ably by eosin-nigrosin staining. For morphology, normal
forms should represent >24% of the total spermatozoa,
with a median of 14%, according to the strict Kruger cri-
teria. The Ph of the semen should be >7.2, reflecting ad-
equate function of the accessory glands. Other seminal
characteristics include the presence of leukocytes <1 x
10°/mL, since higher counts may suggest genital tract
inflammation, and liquefaction within 60 minutes, which
is considered normal. The viscosity should also be nor-
mal, as excessive viscosity can impair sperm motility
and hinder fertilization (31).

Recommendation 05: The diagnosis of hypogonadism
should be confirmed by measurement of TT with a vali-
dated assay on fasting morning blood samples obtained
on two different days (Class: |, Level of Evidence: C).

Recommendation 06: Under conditions that alter
SHBG or borderline values of TT, measuring or calculat-
ing FT is recommended if clinical suspicion of hypogo-
nadism is strong (Class: |, Level of Evidence: C).

Recommendation 07: FSH and LH concentrations
should be obtained for distinguishing between primary
and secondary causes, with further evaluation to iden-
tify the etiology of hypothalamic, pituitary, e/or testicular
disfunction (Class: |, Level of Evidence: C).

Differential diagnosis

Organic hypogonadism results from congeni-
tal, structural, or destructive abnormalities that cause
permanent impairment of the gonadotropic axis. (4) On
the other hand, functional causes lead to the reduction
or suppression of gonadotropins and testosterone in
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a potentially reversible manner, since the underlying
condition can be effectively treated (3-5, 32). Table-2
lists some of the common causes of organic and func-
tional hypogonadism.

Increased prolactin levels, which may result
from primary disorders of the hypothalamic-pituitary
axis or as a secondary effect of chronic diseases and
medications, can lead to suppression of GnRH and go-
nadotropin synthesis and release (33). Treating the un-
derlying condition associated with hyperprolactinemia
does not always resolve hypogonadism. In some cases,
hypogonadism linked to pituitary adenomas may not re-
spond to pharmacological treatments and may require
more targeted therapy (34).

MOSH is the most common condition associat-
ed with functional hypogonadism. (32, 35, 36). Increased
estrogen production by adipose tissue, leptin resistance,
and chronic inflammation are some of the proposed
mechanisms that explain the link between adiposity and
male gonadal dysfunction. (35-37) Weight loss, regard-
less of the method used, can help restore testosterone
levels. Failure to recover gonadal function with weight
loss may suggest the presence of an underlying organic
cause (2,9, 35, 38-42). In addition, diabetes mellitus rep-
resents an important determinant of functional hypo-
gonadism (36). High glucose levels, insulin resistance,
and consequent hyperinsulinemia are key contributors
to impaired GnRH secretion, ultimately resulting in de-
creased LH and testosterone levels (9, 36, 43-45).

Anabolic use of androgenic steroids should be
considered in the evaluation of functional hypogonad-
ism, as they block hypothalamic GnRH pulsatility and
the release of pituitary gonadotropins. The dose and
duration of gonadotropic axis blockade affect the like-
lihood of recovery of gonadal function after cessation.
Prolonged use may result in incomplete recovery, even
years after discontinuation (46-49).

Relative energy deficiency in sport (RED-S)
has recently been used to refer to exercise-associat-
ed reproductive health disorders. It results from low-
energy diets (intentional or unintentional) and/or
excessive exercise, reducing the pulsatile hypotha-
lamic release of GnRH and the release of gonadotro-
pins from the anterior pituitary gland. These changes
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Table 2 - Classification of Hypogonadism and Causes of Primary and Secondary Hypogonadism.

ORGANIC

FUNCTIONAL

Primary Hypogonadism

Klinefelter syndrome

Cryptorchidism, anorchia, myotonic  dystrophy
Some types of cancer, chemotherapy, testicular
irradiation/damage, orchidectomy

Orchitis

Testicular trauma, torsion

Advanced age

Medications (androgen synthesis inhibitors)
End-stage renal disease*

Secondary Hypogonadism

Hypothalamic/pituitary tumor

Iron overload syndromes
Infiltrative/destructive disease

of hypothalamus/pituitary

Idiopathic hypogonadotropic hypogonadism

Hyperprolactinemia
Anabolic steroid use, glucocorticoids, opioids
Alcohol and marijuana abuse*
Systemic illness*
Nutritional deficiency/excessive
Exercise
Severe obesity, some sleep
Disorders
Organ failure (liver, heart,
and lung) *
Comorbid illness associated
with aging*

*Combined primary and secondary hypogonadism but classified to usual predominant hormonal pattern.

can promote acute or chronic relative hypogonadism
with negative impacts on testosterone levels, fertility,
and male bone health (50).

Several other conditions and substances can
interfere with the functioning of the gonadotropic axis,
leading to male hypogonadism (9). Depression is often
associated with sexual dysfunction, and although treat-
ment can alleviate sexual complaints, the use of antide-
pressants may induce sexual dysfunction. Selective sero-
tonin reuptake inhibitors and serotonin-norepinephrine
reuptake inhibitors are drugs associated with a high risk
of adverse effects on sex drive and sexual function (51).
Opioids, such as morphine, codeine, tramadol, heroin,
and oxycodone, can reduce the pulsatility of hypotha-
lamic GnRH and increase prolactin levels by inhibiting
dopamine (52, 53). In the absence of other underlying
causes of hypogonadism, opioid withdrawal is typically
followed by a recovery in serum testosterone levels in a
few weeks (52). Long-term use of glucocorticoids can
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result in androgen deficiency and sperm alterations by
suppression of GnRH secretion. Prednisone-equivalent
doses as low as 5mg daily can cause hypogonadism in
older men (54, 55). It had been demonstrated that men
receiving statin therapy present a higher prevalence of
biochemical testosterone deficiency compared to non-
users (56). However, despite the mild reduction in cir-
culating testosterone levels observed in this population,
the use of statins has not been associated with clinically
significant hypogonadal symptoms or relevant impair-
ment in sexual function. Therefore, while statins may
slightly decrease serum testosterone concentrations,
this effect is not considered to have meaningful clinical
repercussions on androgen-related manifestations (56).

Recommendation 08: Men with overweight or obesity
and Male Obesity Secondary Hypogonadism, lifestyle
modifications and weight reduction should be recom-
mended (Class: |, Level of Evidence: A).
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Recommendation 09: Medications with the potential
to suppress testosterone levels—including glucocorti-
coids, opioids, and anabolic steroids—should be care-
fully reviewed, and withdrawal or modification should
be considered based on the clinical context (Class: II,
Level of Evidence: B).

Role of imaging and complementary exams

Following a thorough clinical and biochemical
assessment confirming hypogonadism, identifying the
underlying cause is essential.

Klinefelter syndrome is the most common chro-
mosomal cause of primary hypogonadism and is fre-
quently underdiagnosed. Therefore, karyotype analysis
in peripheral blood is recommended in men with prima-
ry hypogonadism, particularly when testicular volume is
reduced (3-5).

Scrotal ultrasound should not be performed
routinely, but it can be useful in cases where testicular
complaints are present, such as palpable masses, pain,
or tenderness (57). It is also valuable for accurately mea-
suring testicular volume in cases of very small testes or
when anatomical factors hinder the use of Prader orchi-
dometry, such as in the presence of a large hydrocele or
an inguinal testis. Moreover, scrotal ultrasound may play
a role in the evaluation of male infertility, particularly for
distinguish between obstructive and non-obstructive
causes (3, 58) and it is also accepted in situations where
physical examination is limited by patient discomfort.

Magnetic resonance imaging (MRI) of the sella
turcica, may be indicated in the evaluation of second-
ary hypogonadism (4, 36, 59). MRl is specifically recom-
mended in cases of suspected organic secondary hypo-
gonadism, as in younger men, when serum testosterone
is <150 ng/dL (4), in the presence of other pituitary hor-
mone deficiencies, hyperprolactinemia, or symptoms
suggestive of a pituitary mass (e.g, new-onset head-
aches or visual field defects) (3, 4).

Hypogonadism is a recognized risk factor for re-
duced bone mass and osteoporosis in men. Accordingly,
several medical societies recommend dual-energy X-ray
absorptiometry (DXA) scanning in men with risk factors
such as hypogonadism. Repeat DXA may be considered
1-2 years after initiating testosterone replacement ther-
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apy and prior to the use of antiresorptive drug. (3, 4)

Additional evaluations, such as polysomnogra-
phy, may be warranted based on clinical suspicion of
OSA, a condition associated with hypogonadism (3, 4,
60).

Recommendation 10: Karyotype should be considered
in primary hypogonadism, especially in men with low
testicular volume (Class: |, Level of Evidence: B).

Recommendation 11: MRI of the sella turcica should be
considered in men with suspected organic secondary
hypogonadism, particularly in younger individuals with
testosterone levels <150 ng/dL, coexisting pituitary hor-
mone deficiencies, hyperprolactinemia, or symptoms of
pituitary mass effect (Class: |, Level of Evidence: B).

Recommendation 12: DXA scanning is recommended
for men at increased fracture risk, especially those over
50 years of age with hypogonadism (Class: |, Level of
Evidence: B).

TREATMENT OF MALE HYPOGONADISM

Formal Indications for Initiating Therapy

It recommends testosterone therapy in men
with hypogonadism to induce and maintain secondary
sex characteristics and correct symptoms of testoster-
one deficiency.

Before initiating TRT, contraindications must
be systematically assessed, including the presence of
prostate or breast cancer, severe untreated obstructive
sleep apnea, erythrocytosis (hematocrit >54%), severe
heart failure (New York Heart Association class IIl or IV),
and desire for future fertility, as exogenous testoster-
one suppresses spermatogenesis (3-5). Individualized
risk-benefit evaluation and shared decision-making are
mandatory. Therapy must aim to restore testosterone
levels to the mid-normal physiological range and should
be accompanied by regular monitoring of clinical and
laboratory parameters.

Recommendation 13: Testosterone replacement thera-
py should be initiated only in men with persistent clini-
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cal symptoms of testosterone deficiency and unequivo-
cally low serum testosterone levels, after exclusion of
contraindications (Class: |, Level of Evidence: A).

Therapeutic options available in Brazil

Several testosterone formulations are ap-
proved for the treatment of male hypogonadism in
Brazil, offering clinicians flexibility to tailor therapy to
individual patient preferences, comorbidities, and risk
profiles. Available options include injectable testoster-
one (such as testosterone cypionate, testosterone es-
ters and testosterone undecanoate), and transdermal
testosterone (gel). (3-5, 36, 61) Each formulation has
distinct pharmacokinetic properties, influencing serum
testosterone fluctuations, ease of administration, cost,
and side effect profiles.

Treatment of Male Hypogonadism: Focus on

IM Formulations
Intramuscular (IM) testosterone preparations
constitute a cornerstone of TRT in Brazil and
globally, owing to their efficacy, relatively low
cost, and wide availability. (3, 4)
The long-acting testosterone undecanoate
(TU) 1000 mg formulation is currently the
preferred IM preparation for sustained TRT. It
is administered as a deep intramuscular glu-
teal injection with an initial loading phase (at
weeks 0 and 6), followed by maintenance in-
jections every 10-14 weeks (3, 36). TU provides
relatively stable serum testosterone concen-
trations within the physiological range, with
minimal fluctuations between doses, thereby
reducing mood and sexual function variability
(3-5).
Shorter-acting esters, such as a propionate
plus a pool of testosterone esters (250 mg)
and cypionate (200 mg), are also widely used
in Brazil, particularly in public health settings
and in clinical scenarios requiring flexible or
temporary TRT (36). These formulations are
typically administered every 2 to 3 weeks.
However, they produce significant peaks and
troughs in serum testosterone levels, which
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can lead to oscillations in energy, mood, and
libido (3). These fluctuations must be dis-
cussed with patients prior to initiating therapy.
The route of administration requires deep glu-
teal injection, which may necessitate trained
healthcare personnel or adequate patient
education for home administration. Pain or lo-
cal site reactions may occur but are generally
mild and transient (36).

Recommendation 14: Intramuscular testosterone for-
mulations should be considered an option for TRT in
men with hypogonadism. (Class: |, Level of Evidence: A)

Recommendation 15: Long-acting preparations are
preferred rather than shorter-acting due to more stable
serum levels, reduced fluctuations and lower injection
frequency (Class: |, Level of Evidence: A).

Treatment of Male Hypogonadism: Focus on

Transdermal Testosterone (Gel)
Testosterone gel is a widely used transdermal
option in Brazil for treating male hypogonad-
ism, providing a physiological mode of testos-
terone delivery through skin absorption. It of-
fers advantages of stable serum testosterone
concentrations, mimicking normal circadian
rhythms without large peaks and troughs
typical of injectable formulations (4, 5). Gels
(1% or 1,62%) are usually applied once daily
on clean, dry, intact skin areas (such as shoul-
ders and upper arms), with absorption occur-
ring over several hours. Steady-state testos-
terone levels are typically achieved within 2-3
days of consistent use (62).
Transdermal therapy is particularly beneficial
for patients desiring a non-invasive, easily
adjustable regimen or those at risk of eryth-
rocytosis associated with injectable formula-
tions (2). Nonetheless, clinicians must coun-
sel patients regarding the risk of secondary
exposure to others through skin contact,
emphasizing the importance of covering the
application site and washing hands after ap-
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plication. Dose titration is often necessary,
guided by serum testosterone levels obtained
2-4 hours after application and clinical symp-
tom improvement (3). Skin irritation at the
application site is a possible side effect but
occurs in a minority of patients. The patient
should be advised not to shower for up to 2
hours after applying or performing physical
activities with excessive sweating, swimming
pools or saunas.

Overall, testosterone gel represents an ef-
fective and safe alternative for long-term
therapy in appropriately selected men with
hypogonadism, if patients adhere to applica-
tion instructions and appropriate monitoring
is conducted. That short-acting formulation,
particularly transdermal gels, may be pre-
ferred at treatment initiation, especially in
cases where reversibility or rapid discontinu-
ation may be needed due to adverse effects
or diagnostic uncertainty.

Recommendation 16: Transdermal testosterone gel is
recommended as an effective and safe option for the
treatment of male hypogonadism, particularly in patients
preferring non-invasive therapy and requiring steady
testosterone levels (Class: |, Level of Evidence: A).

Other Formulations Available in Brazil

No oral or subcutaneous implants (pellets)
testosterone formulations with validated and
consistent pharmacokinetics are approved in
Brazil for the treatment of male hypogonad-
ism, and they are only available in the com-
pounded market. Subcutaneous testosterone
pellets are not recommended by medical
specialty societies for the treatment of male
hypogonadism in Brazil because compound-
ed formulations do not have robust safety and
efficacy studies (1, 63, 64) with high incidence
of secondary polycythemia (65).

Recommendation 17: Oral testosterone formulations,
subcutaneous testosterone pellets (compounded im-
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plants and manipulated gel formulations are not rec-
ommended for the treatment of male hypogonadism in
Brazil, given the absence of approved formulations with
validated and consistent pharmacokinetics. (Class: I,
Level of Evidence: B)

Absolute and relative contraindications of testos-
terone

TRT requires close monitoring due to possible
adverse effects, contraindications, and limited long-
term safety data. For men who wish to avoid exogenous
hormones, are not candidates for TRT, or do not tolerate
its effects, non-hormonal pharmacological alternatives
are available. (2, 3, 5).

TRT is contraindicated in men with hormone-
sensitive tumors such as prostate or breast cancer. Men
with prostate abnormalities on physical examination or
elevated prostate-specific antigen (PSA) levels should
be adequately evaluated before initiating TRT (3). The
contraindications and the degrees of recommendation
are outlined below.

Identifying and properly managing contraindi-
cations is a key step in ensuring the safety of testoster-
one therapy. While absolute contraindications preclude
treatment, relative contraindications require an individu-
alized approach, carefully balancing the potential ben-
efits of TRT against the risks associated with the coex-
isting condition. Optimal comorbidity management and
a rigorous, ongoing monitoring plan are essential when
considering TRT in patients with relative contraindica-
tions.

Absolute Contraindications:

Male Breast Cancer: Although rare, these tu-
mors may express hormone receptors, mak-
ing TRT potentially harmful. Therefore, TRT is
contraindicated in patients with a current or
past diagnosis of breast cancer (1, 3-5) (Class:
l; Level of Evidence: C).

Active Prostate Cancer: TRT is contraindi-

cated in the presence of known or suspected
prostate cancer without appropriate urologi-
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cal evaluation and treatment. The risk stems
from the potential stimulation of androgen-
dependent tumors. Guidelines recommend
a digital rectal exam and PSA testing before
initiating TRT in men aged 55-69 or 40-69
with increased risk (1, 3-5) (Class: I; Level of
Evidence: B).

Desire for Fertility: Exogenous testosterone
suppresses the HPG axis, reducing spermato-
genesis and potentially causing infertility. TRT
is contraindicated in men who desire short-
term fertility. Alternatives such as clomiphene
citrate, aromatase inhibitors, or gonadotro-
pins should be considered (1, 3-5) (Class: |;
Level of Evidence: B).

Relative Contraindications and Precautions:

Elevated Hematocrit: Baseline hematocrit
> 48% is a relative contraindication to TRT
therapy because these men are more likely
to develop a hematocrit > 54% when treated
with testosterone. The risk of erythrocytosis is
somewhat higher with IM formulations, par-
ticularly short-acting esters. Men with elevat-
ed hematocrit should undergo further evalua-
tion before considering TRT (3, 66) (Class: Ila;
Level of Evidence: B).

Obstructive Sleep Apnea: The impact of tes-
tosterone on OSA remains controversial (3,
60, 67, 68) and routine screening with poly-
somnography in asymptomatic men under
TRT is not recommended. The therapy may
worsen sleep apnea, particularly in severe
and untreated cases. In patients with mild
to moderate, or treated, OSA, TRT may be
considered with close monitoring (3, 4, 60)
(Class: lla; Level of Evidence: B).

Lower Urinary Tract Symptoms (LUTS): TRT
should be used cautiously in patients with se-
vere LUTS (International Prostate Symptom

Score (IPSS > 19). Evidence suggests mini-
mal impact on mild to moderate symptoms.
Urological evaluation is recommended before
initiation, along with ongoing symptom moni-
toring (1, 3-5) (Class: llb; Level of Evidence: C).

Heart Failure: Testosterone may worsen fluid
retention and volume overload, especially in
patients with decompensated heart failure.
TRT should be avoided or used with extreme
caution in patients with decompensation or
severe heart failure (NYHA Class Ill or V). Al-
though some studies suggest that TRT benefits
men with stable heart failure, its safety in de-
compensated cases has not been established
(3, 4,17) (Class: lla; Level of Evidence: C).

Recent Cardiovascular Events: In men who
have experienced acute myocardial infarc-
tion (MI) or stroke, TRT should be delayed for
at least 6 months to allow clinical stabiliza-
tion. Although the TRAVERSE trial showed no
significant increase in major cardiovascular
events with TRT in high-risk men, safety in
the immediate post-acute phase was not spe-
cifically assessed (3-5, 69) (Class: lla; Level of
Evidence: C).

Venous Thromboembolism and Thrombo-
philia: Despite recent studies not showing a
significantly increased risk, caution is advised
in patients with a history of venous throm-
boembolism or known thrombophilic disor-
ders, with individualized assessment (1, 3, 69)
(Class: llb; Level of Evidence: C).

Previously Treated Prostate Cancer: TRT
may be considered with extreme caution in
men previously treated with curative intent
and no evidence of recurrence. The decision
should be multidisciplinary, with informed
consent and rigorous PSA monitoring. (1, 3, 5)
(Class: lIb; Level of Evidence: C).
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In men with a history of prostate cancer, the
decision to initiate testosterone therapy requires in-
dividualized, multidisciplinary evaluation. Current
evidence suggests that testosterone therapy may be
considered in selected men previously treated with
curative intent for low-risk disease and with no evi-
dence of recurrence, provided that close urological
monitoring is maintained. Clinicians should follow
national recommendations from the Brazilian Society
of Urology (SBU) and international urological guide-
lines when evaluating such patients.

Recommendation 18: TRT should NOT be initiated in
men with:
Male breast cancer (Class: |, Level of Evidence: C);
Known or suspected prostate cancer (untreated
nodule/induration, PSA > 4 ng/mL or > 3 ng/mL in
high-risk individuals without urological evaluation)
(Class: |, Level of Evidence: B);
Active short-term fertility planning (Class: |, Level
of Evidence: B).

Recommendation 19: Careful evaluation and individu-
alized management are recommended before initiating
TRT in men with the following conditions (relative con-
traindications):
Baseline hematocrit > 48% or hematocrit at follow-
up > 54% (Class: lla, Level of Evidence: B);
Untreated severe obstructive sleep apnea (Class:
lla, Level of Evidence: B);
Decompensated heart failure (NYHA Class Ill or
IV) (Class: lla, Level of Evidence: C);
Myocardial infarction or stroke within the past 6
months (Class: lla, Level of Evidence: C).

Recommendation 20: TRT may be considered with
caution and close monitoring in men with:
Severe lower urinary tract symptoms (IPSS > 19),
following urological evaluation and treatment opti-
mization (Class: IIb, Level of Evidence: C);
History of venous thromboembolism or known
thrombophilia (Class: llb, Level of Evidence: C);
Low-risk prostate cancer treated with curative in-
tent and no evidence of active disease after mul-
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tidisciplinary discussion and informed consent
(Class: IlIb, Level of Evidence: C).

Treatment in men who want to preserve fertility
Testosterone replacement therapy is a well-es-
tablished treatment for hypogonadism; however, it has
been associated with several adverse effects and con-
traindications reported in the literature, including testic-
ular atrophy and infertility. In this context, gonadotrofins,
SERMS and aromatase inhibitors may be used (3, 5, 70).

Selective Estrogen Receptor Modulators

(SERMs):
Clomiphene citrate (CC), a selective estrogen
receptor modulator (SERM), acts by inhibit-
ing estradiol's negative feedback on the HPG
axis. This results in increased LH and FSH se-
cretion and subsequent stimulation of Leydig
cells, thereby enhancing endogenous testos-
terone production (71, 72). Even though it is an
off-label indication, SERMs has been used to
increase sperm count by restoring the physi-
ological function of the HPG axis (3). Studies
demonstrate that clomiphene citrate increases
testosterone levels in 70-90% of men with sec-
ondary hypogonadism with an important role
in the treatment of cases of functional hypogo-
nadism and those associated with MOSH and
secondary to the use of anabolic steroids. It
significantly improves hypogonadal symptoms
including sexual function, mood, and energy. It
increases sperm count and improves semen
parameters in men with infertility related to
hormonal abnormalities, and maintains sper-
matogenesis during treatment, unlike con-
ventional TRT.(3, 5) However, CC is less as
effective in the treatment of primary testicu-
lar failure (73). Adverse effects include visual
disturbances, headache, mood changes, hot
flashes, nausea, thrombotic events (rare), and
gynecomastia (rare). Contraindications include
hypersensitivity to components, severe liver
disease, history of thromboembolic events,
and primary hypogonadism (73, 74).
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Therapeutic Regimens: the starting dose
is 25 to 50 mg daily, adjusted according to
clinical response and testosterone levels.
However, in Brazil, only the 50 mg presenta-
tion is commercially available. Therefore, the
recommendation from this group is to use
50 on alternate days. Titration: Gradually in-
crease the dose up to 50 mg daily based on
response. Duration: continuous treatment as
long as necessary and well tolerated. There
are follow-up studies on CC use for up to 7
years (1,71, 74).

Gonadotropins:
The most used agents are Human Chorionic
Gonadotropin (hCG) and LH analog that
stimulates Leydig cells to produce testoster-
one, recombinant FSH that stimulates Sertoli
cells and spermatogenesis, and GnRH which
is used in pulsatile regimens and stimulates
the release of LH and FSH by the pituitary.(5)
The main indications for gonadotropin treat-
ment in patients with hypogonadism include
promoting normal physical development and
maintaining the physical well-being of pa-
tients who have experienced tumors, trauma,
or malformations (75). Induction of mini pu-
berty in individuals born with congenital
hypogonadism is also an indication (76). In
addition, since TRT significantly reduces sper-
matogenesis, gonadotropin treatment is indi-
cated for hypogonadotropic individuals who
wish to preserve their fertility (3). Both urinary
and recombinant hCG preparations are effec-
tive, though recombinant forms offer more
consistent dosing and lower immunogenic
potential (77, 78). However, it is also important
to highlight that HCG or LH analog mono-
therapies may suppress HPG axis, leading to
a decrease in FSH levels and a consequent
worsening of semen parameters (3). Adverse
effects include injection site reactions, in-
creased risk of fractures, peripheral arterial
disease, water retention, cardiac complica-

tions, gynecomastia (due to aromatization
of testosterone to estradiol), headache, and
fatigue. Contraindications include hypersen-
sitivity to components, androgen-dependent
tumors, and primary hypogonadism (limited
response), thereby emphasizing the need
for specialized patient monitoring following
treatment (3, 5,17, 77, 78).

Therapeutic Regimens: hCG Monotherapy:
Initial dose: 1,500 to 2,000 IU, 2-3 times per
week, subcutaneously; dose adjustment
based on serum testosterone levels (tar-
get: 400-700 ng/dL); duration: at least 3-6
months to assess response (3, 78). Combined
Therapy (hCG + FSH): hCG and FSH: 75-150
IU, 2-3 times per week; recommended when
there is no adequate response to hCG mono-
therapy after 6 months or in severe cases of
hypogonadotropic hypogonadism (3, 5,17, 78).
Due to the lack of widespread availability of
some doses in Brazil, weekly application of
5000 IU hCG is reasonable.

Aromatase Inhibitors:
Act by blocking the peripheral conversion of
testosterone to estradiol, thereby reducing
circulating estradiol levels. Like SERMs, this
reduction in estradiol attenuates the nega-
tive feedback on the HPG axis, leading to in-
creased LH and FSH and potentially stimulat-
ing endogenous testosterone production by
the testes. The use of Als in the treatment of
male hypogonadism is off label (3, 5, 71, 79).
Indications for use include patients with pro-
lactinomas, obesity, and those who wish to
preserve their fertility (3, 80). To assess the
toxicity of an aromatase inhibitor, a clinical
screening study involving patients with hy-
pogonadism who sought to preserve fertil-
ity through treatment with letrozole showed
an actual increase in testosterone levels and
sperm concentration. Adverse effects include
hypertension, increased PSA levels, head-
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aches, reduced bone mineral density, joint
and muscle pain, fatigue, mood changes, el-
evated liver enzymes, increased hematocrit,
and elevated LDL cholesterol. Contraindica-
tions include hypersensitivity to components,
presence of osteoporosis or significant osteo-
penia, and severe liver disease (81, 82). In this
context, follow-up should be conducted to
monitor their long-term effects (3).
Therapeutic Regimens: Anastrozole: Dose:
0.5-1 mg daily or on alternate days; Duration:
continuous treatment as long as necessary
and well tolerated (3, 5, 74). Letrozole: Dose:
0.5-2.5 mg daily or weekly; Duration: like an-
astrozole (74, 81, 82).

Gonadotropin releasing hormone agonist

(GnRHa) therapy:
Abnormal germ cell development in cryptor-
chidism results from an endocrinopathy asso-
ciated with impaired mini puberty, character-
ized by hormonal imbalance and altered gene
expression, rather than a congenital dysgen-
esis. Low-dose GnRHa therapy in high-risk
patients induces a broad transcriptional re-
sponse within the HPG axis, leading to nor-
mal spermatogenesis in 86% of cases and
absence of azoospermia. Therefore, post-
orchidopexy hormonal treatment is strongly
recommended for high-risk cryptorchid boys
and may also serve as primary pre-surgical
therapy to promote testicular descent and re-
duce postoperative testicular atrophy (83).

Recommendation 21: Men with testosterone deficiency
who are interested in fertility should have a reproductive
health evaluation performed prior to treatment (Class: |,
Level of Evidence: B).

Recommendation 22: Use of selective estrogen recep-
tor modulators, human chorionic gonadotropin, aroma-
tase inhibitors, alone or in combination may be offered
to selected men with testosterone deficiency desiring to
maintain fertility (Class: |, Level of Evidence: C).
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Adjunct and Alternative Therapies: Lifestyle Modifi-
cations and Weight Loss

Lifestyle changes, including weight loss and
regular physical activity, represent the first-line thera-
peutic approach for many men with hypogonadism, es-
pecially those with MOSH (3-5, 35).

Regular physical exercise, both aerobic and re-
sistance training, can increase testosterone levels, im-
prove body composition, insulin sensitivity, and overall
well-being. However, exhaustive and prolonged exercise
may lead to a transient decrease in testosterone due to
increased cortisol levels. Therefore, moderation and ap-
propriate exercise programming are crucial (84, 85).

Given the lack of evidence, the TRT solely for
glycemic control, weight loss, and cardiovascular risk
reduction is not recommended (36, 86).

Despite positive preliminary studies, the evi-
dence supporting the use of nutraceuticals and anti-
oxidants in the treatment of male hypogonadism is still
considered low, highlighting the need for further clini-
cal trials (1, 3). Therefore, their routine use is not recom-
mended (3, 84).

Recommendation 23: Lifestyle changes (weight loss,
exercise) should be strongly recommended as first-line
therapy for men with overweight and obesity and func-
tional hypogonadism (Class: |, Level of Evidence: A)

Recommendation 24: TRT for the sole purposes of
glycemic control, weight loss and cardiovascular risk
reduction is not recommended (Class: Ill, Level of Evi-
dence: C).

Recommendation 25: Routine supplementation with
nutraceuticals or antioxidants is not recommended for
the treatment of male hypogonadism (Class: IlI, Level of
Evidence: C)

Recommendation 26: Patients considering or using
adjuvant and alternative therapies should be informed
about the limited evidence base, product variability, and
potential risks, and should be appropriately monitored
(Class: I, Level of Evidence: C)

15/ 26



Ethical Conditions for Testosterone Replacement
Therapy

In terms of ethical conditions for TRT, it is im-
portant to ensure that therapy is administered appropri-
ately, based on clear medical indications, and with full
informed consent. Patients must be fully informed about
potential benefits, risks (e.g. cardiovascular effects, fer-
tility issues), and the long-term nature of therapy. It is
essential to discuss the possibility of side effects like
sleep apnea, erythrocytosis (increased red blood cells),
and impacts on fertility (3-5, 26). Ethical management
involves constant evaluation to decide whether therapy
should continue, be adjusted, or stopped based on pa-
tient progress.

TRT should not be prescribed for off label uses
like general age-related decline in testosterone or for
performance enhancement without clear medical justi-
fication as it is linked to increased cardiovascular risk
and serious complications (87, 88). The use of testos-
terone in sports for performance enhancement, without
medical necessity, is considered doping (89).

MONITORING OF MALE
HYPOGONADISM TREATMENT

Clinical Monitoring

Clinical monitoring is a fundamental aspect of
TRT to ensure therapeutic efficacy, assess symptom res-
olution, detect adverse effects early, and guide dose ad-
justments (68, 90). Improvements in symptoms should
be evaluated systematically, focusing on domains most
affected by testosterone deficiency, such as sexual
function (libido, erectile function), mood, vitality, muscle
mass, body composition, and quality of life (1-5).

The most consistent and earliest improvements
typically occur in sexual desire and libido, often within
3 to 6 weeks of initiating therapy, followed by gradual
improvements in erectile function, energy levels, and
mood over several months (90). Increases in lean body
mass and reductions in fat mass generally become ap-
parent after 12 to 16 weeks of continuous therapy (90).
Monitoring should include structured clinical interviews,
validated questionnaires when available (such as the In-
ternational Index of Erectile Function - IIEF), and physi-
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cal examination focused on body composition and po-
tential adverse effects.

A lack of symptomatic improvement despite
normalization of serum testosterone levels after an ad-
equate treatment period (typically 6 months) should
prompt a reassessment of diagnosis, adherence, co-
morbidities, and realistic patient expectations (3-5).
It is important to counsel patients that improvements
vary individually, and that testosterone therapy is not
a panacea for all symptoms of aging. A holistic man-
agement approach addressing lifestyle, psychological
factors, and comorbid illnesses enhances the likeli-
hood of successful outcomes. We emphasize the need
to continue treatment even if there is no improvement
in symptoms in the initial phase, as there are different
timeframes for symptom improvement. Figure-2 sum-
marizes the expected times for symptom improvement
after starting TRT.

While the goal of therapy is clinical improve-
ment and normalization of testosterone within the mid-
normal range, a target value between 450-600 ng/dL
is considered appropriate, aligning with the European
Association of Urology (EAU) and Endocrine Society
recommendation (3, 4).

Recommendation 27: During testosterone replace-
ment therapy, clinicians should perform regular clinical
evaluations to assess symptomatic improvement in li-
bido, sexual function, vitality, mood, and body compo-
sition, using structured interviews and validated tools
where appropriate (Class: |, Level of Evidence: A)

Dose Adjustments and Changes in Therapy Strategies

The need to change the therapeutic strategy
may arise due to various factors, including inadequate
symptomatic or laboratory response at the maximum
tolerated dose of the current formulation, intolerable
or persistent adverse effects, patient preference for a
different route or dosing frequency, or cost and avail-
ability issues (5, 17). Management includes dose reduc-
tion, increased interval between injections, switching
to a transdermal formulation, or performing therapeutic
phlebotomy (68). If it persists, discontinuation should be
considered (Table-3).
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Figure 2 - Onset of effects of testosterone replacement therapy as a function of time. Adapted from (16).
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musculoskeletal domains.

Table 3 - Dose adjustments and changes in therapeutic strategies.

Adapted from (1, 3).

Clinical Situation

Recommended Action

Reevaluation Time

Start with the standard dose of the chosen

Start of TRT
Testosterone levels within target range (400-
700 ng/dL)

Testosterone levels below target range and
symptoms persist

T levels above target

Dose-related adverse effects (e.g, mild
erythrocytosis)

Symptoms persist despite testosterone levels
within target range

Maintain current dose

Gradually increase dose
Gradually reduce dose
Gradually reduce dose

Reassess diagnosis, consider other causes,
discuss discontinuation

formulation

Monitor annually

Reevaluate in 6-12 weeks
Reevaluate in 6-12 weeks

Reevaluate in 6-12 weeks

Individualized decision

Monitoring testosterone levels may vary de-
pending on the pharmacokinetics of each formulation.
When using short-acting options, it should be consid-
ered that the maximum plasma peak occurs rapidly
around the first 2-5 days, with a median nadir around
15-20 days. This allows doses to be administered at in-
tervals ranging from 2 to 4 weeks, depending on the
patient’s clinical response. The long-acting formulation
tends not to peak, maintaining testosterone levels close
to physiological levels for a period of 10 to 14 weeks. Tes-
tosterone measurement is recommended at the end of
the ampoule administration interval. In the transdermal
gel option, serum testosterone should be evaluated 2 to

Int Braz J Urol. 2026; 52(3): €20250610

8 hours after gel application, after the patient has been
in treatment for at least 1 week. It is recommended to
evaluate serum testosterone levels 2 to 3 months after
the start of treatment (3, 4).

Transitioning to other formulations should be
done in a way that minimizes fluctuations in testosterone
levels and symptoms. Temporary or permanent discon-
tinuation is indicated in the absence of clinical benefit
after 3-6 months of adequate testosterone levels, devel-
opment of contraindications (e.g., prostate cancer), se-
vere unmanageable adverse effects, or patient desire (3).

Reassessment of symptoms, hormonal levels,
and comorbidities should be performed after discon-
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tinuation, as the HPG axis may take weeks to months to
recover. In selected cases, alternative therapies may be
implemented. (4, 91). The algorithm for dose adjustments
and changes in therapeutic strategies is shown in Table-1.

Recommendation 28: Serum testosterone levels
should be monitored at 3, 6, and 12 months after starting
TRT, and every 6-12 months thereafter, with dose adjust-
ments to achieve levels within the mid-tertile reference
range (Class: |, Level of Evidence: A)

Recommendation 29: Transitioning between different
testosterone formulations is a valid strategy in cases of
inadequate response, adverse effects, or patient prefer-
ence (Class: |, Level of Evidence: C)

Monitoring and management of side effects

Testosterone dosage should be adjusted to
achieve serum levels within the mid-tertile reference
range. If no clinical benefit is observed or significant
changes in hematocrit or PSA levels occur after 6-12
months of therapy, TRT should be adjusted or discontin-
ued. In such cases, the hormonal axis and comorbidities
must be reassessed, and alternative therapeutic options
considered (90).

TRT is associated with several potential ad-
verse effects, including gynecomastia, acne, increased
skin oiliness, baldness, erythrocytosis, reduced sperm
production (potentially leading to infertility), decreased
testicular volume, fluid retention and/or edema, symp-
toms related to obstructive sleep apnea and hypoven-
tilation syndrome and growth of androgen-dependent
neoplasms (68). Local irritation is common, and rotating
application sites and moisturizing the skin may help. If
persistent, consider changing the formulation (1, 3-5).

Gynecomastia has been observed in men
receiving TRT when elevated estrogen levels occur.
Routine monitoring of estradiol is not recommended.
Tamoxifen may also be used to reduce breast tissue en-
largement. In symptomatic cases that persist for at least
12 months despite medical management, elective plas-
tic surgery may be considered (92-94).

Acne is a common side effect of TRT due to
increased sebaceous gland activity. Topical therapies
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such as retinoids, benzoyl peroxide, azelaic acid, and/or
combinations of topical agents are first-line treatments
in managing mild to moderate acne. In more severe
cases, oral antibiotics or isotretinoin may be indicated.
Educating patients on proper skin care is also essential
to help minimize acne outbreaks. Referral to a dermatol-
ogist should be considered for patients with persistent
or severe acne (68, 95).

Patients should be assessed for testosterone
and hematocrit levels at 3, 6 and 12 months after start-
ing TRT, with subsequent annual evaluations (3-5, 15,
26). Elevation of hematocrit above the limit of normal is
the most common adverse effect of TRT and has been
associated with cardiovascular events and/or venous
thromboembolism (VTE) due to blood hyperviscosity (3,
66, 68, 96). If the hematocrit level exceeds 54% during
treatment, it is advisable to temporarily suspend therapy
until the levels return to a safe range(68). Once normal-
ized, TRT can be resumed at lower doses, potentially
with a different formulation. The testosterone gel, for
example, tends to have a lesser impact on hematocrit
levels. The decision to perform phlebotomy should be
made on a case-by-case basis. Additionally, addressing
factors such as obesity, sleep apnea, and smoking may
help reduce the risk of erythrocytosis (3, 4, 26). If a VTE
episode occurs while in TRT and hematocrit values are
within normal range, an underlying undiagnosed throm-
bophilia can be the cause (3, 5, 97). Lipid and glycemic
profile should be evaluated at baseline and annually
during testosterone therapy (3).

TRT is not recommended for men seeking fer-
tility, as exogenous testosterone suppresses the HPT
axis and subsequently impairs spermatogenesis (1-5,
26). The extent of the negative impact of TRT on fertil-
ity is variable. Evidence from studies in healthy men
suggests that baseline fertility is typically restored in
most patients within 24 months following cessation of
TRT. However, data regarding this recovery in infertile
males remain limited (1). Depending on the underly-
ing cause of hypogonadism, and after evaluating the
individual's fertility, it may be advisable to consider
alternative medications to TRT (1-5). Every patient
should be inquired about their future fertility plans
regardless of age and should be counseled about fer-
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tility preservation options. For those with fertility con-
cerns, an assessment should be conducted through
semen analysis and partner's fertility status (3). Refer-
ral to fertility specialists should be considered.

There is an increased risk of fluid retention and
edema, which may exacerbate pre-existing edematous
conditions, such as heart failure (4, 98). TRT does not
appear to worsen LUTS in men who do not have severe
LUTS prior to treatment. The effects of testosterone on
men with severe LUTS remain unclear, as this group was
excluded from clinical studies (3, 99-101). TRT in men
with obstructive sleep apnea may exacerbate symp-
toms, so caution is advised when initiating TRT in these
patients (60, 102).

The risk of prostate cancer should be evaluated
before starting TRT using PSA measurements and digi-
tal rectal examination in men after 45 years and espe-
cially those at higher risk for prostate cancer (men of
African descent and those with a first-degree relative
with diagnosed prostate cancer or previously positive
prostate biopsy, and in those with baseline PSA concen-
trations >Ing/mL at age 40 years or > 2ng/mL at age
60 years) (103). Recommendation to reassess PSA mea-
surements again 3, 6 and 12 months after initiation (3,
5). After the first 12 months, local guidelines for prostate
cancer screening for the general population should be
followed which emphasize shared decision-making and
risk stratification rather than universal testing (5). A uro-
logical evaluation should be requested prior or during
TRT if any abnormalities are detected during the digital
rectal examination, if there is a new onset or worsen-
ing of LUTS (5, 30). It is important to emphasize that a
modest initial rise in PSA may occur within the first 3 to
6 months of TRT (up to 1.0 ng/dL), reflecting increased
prostatic androgenic stimulation; however, PSA levels
generally stabilize thereafter (104, 105). Persistent in-
creases beyond the first year, a velocity of rise exceed-
ing 0.75 ng/mL/year, or a rise >1.4 ng/mL within the first
12 months should prompt referral to a urologist (1, 3-5).
PSA thresholds should be interpreted in an age-specific
manner: values >2.5 ng/mL in men aged 40-49 years,
>3.5 ng/mL in men aged 50-59 years, and >4.0 ng/mL
in men aged >60 years are considered abnormal and
warrant further evaluation (103).

Int Braz J Urol. 2026; 52(3): €20250610

Although not a common side effect of TRT, men
with hypogonadism should be screened for osteopo-
rosis (3, 4). Recently, the TRAVERSE study reported a
higher incidence of fractures in men receiving TRT (106).
However, this increase was observed mainly during the
initial months of treatment and included all types of frac-
tures. When considering only low-impact fractures, the
risk was similar between the TRT and placebo groups
(106). Although previous studies have shown improve-
ments in BMD with TRT, it should not be used as a
standalone treatment for patients at high risk of fracture,
as evidence supporting its anti-fracture efficacy remains
limited (4, 5, 26, 106).

Recommendation 30: Testosterone and hematocrit
levels should be measured at 3, 6, and 12 months after
the initiation of TRT, and then annually. If hematocrit ex-
ceeds 54%, TRT should be discontinued until levels de-
crease to a safe range. Treatment can then be resumed
with a lower dose and a transdermal formulation (Class:
|, Level of Evidence: B).

Recommendation 31: A digital rectal examination and
PSA test should be performed at 3 and 12 months after
starting TRT, and subsequently according to local guide-
lines for prostate cancer screening in the general popu-
lation (Class: Il, Level of Evidence: C).

Recommendation 32: Further evaluation should be
considered if there is an increase in serum PSA levels >
1.4 ng/mL within 12 months of TRT, a confirmed PSA > 4
ng/mL at any time, a detection of a prostatic abnormal-
ity on digital rectal examination, or a significant worsen-
ing of LUTS (Class: Il, Level of Evidence: C)

Discontinuation and Reassessment of Therapeutic
Need

Organic male hypogonadism is generally con-
sidered a lifelong condition. However, spontaneous re-
versal may occur in select cases. Studies on congenital
secondary hypogonadism have reported reversal in ap-
proximately 10-15% of patients undergoing TRT (107, 108).
Clinicians should remain alert to this possibility, particu-
larly in the presence of unexpected testicular enlarge-
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ment during treatment (109, 110). A recent study involving
men with congenital hypogonadotropic hypogonadism
identified several predictors of reversibility, including
larger testicular volume, absence of micropenis, and
higher serum FSH levels. These features are consistent
with Pasqualini syndrome (fertile eunuch phenotype). In
contrast, the presence of pathogenic ANOS1 mutations
was associated with irreversible hypogonadism (111).
While reversal is rare in cases of organic hypogo-
nadism, functional hypogonadism may be resolved with
the treatment of underlying conditions (2). Potentially re-
versible causes include hyperprolactinemia, end-stage
renal disease, opioid use, previous anabolic steroid use,
glucocorticoid therapy, excessive alcohol or cannabis
use, systemic illness, nutritional deficiencies or excessive
exercise, obesity, metabolic syndrome, certain sleep dis-
orders, and other chronic diseases (4, 5, 36). When a re-
versible cause is identified, a trial discontinuation of TRT
should be considered to reassess HPG axis function. The
timing of this reassessment should account for the phar-
macokinetics of the testosterone preparation used and
the clinical scenario, including symptom resolution and
biochemical normalization of testosterone levels. If en-
dogenous testosterone levels remain normal and symp-
toms resolve, tapering or discontinuation of TRT may be
appropriate, with close monitoring for recurrence of hy-
pogonadal symptoms or hormonal decline (2-5).

CONCLUSIONS

Male hypogonadism is a multifaceted condi-
tion that requires timely recognition, careful diagnostic
evaluation, and individualized management strategies.
Incorporating evidence-based therapies, such as tes-
tosterone replacement therapy and selective estrogen
receptor modulators, in the context of multidisciplinary
care, is essential to optimize clinical outcomes and ad-
dress patient-specific goals, including potential fertility
preservation.

This position paper underscores the impor-
tance of continuous education, adherence to updated
guidelines, and collaborative care across specialties. By
providing practical recommendations and highlighting
emerging therapeutic options, it seeks to enhance cli-
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nician awareness, reduce underdiagnosis, and improve
the quality of care for men affected by hypogonadism.
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ABSTRACT ARTICLE INFO

Purpose: The combination of systematic biopsy (SB) and MRI-targeted biopsy (TB) is the Jodo Magalhées Pina

current approach for prostate cancer (PCa) diagnosis; however, the clinical benefit of includ-  httpsi//orcidorg/0000-0002-6253-3211
ing SB remains controversial. This study aimed to determine whether SB adds value beyond Keywords:

TB in detecting clinically significant prostate cancer (csPCa) in men with suspicious lesions. Prostatic Neoplasms; Biopsy;
Materials and Methods: Retrospective, single-center study conducted between January  Magnetic Resonance Imaging
2019 and September 2023. It enrolled men with suspicious lesions identified on multipara-
metric MRI (PI-RADS>3) who had undergone combined biopsy (TB+SB). Sociodemographic
and clinical data were secondarily collected. csPCa was defined when ISUP>2.

Results: This study included 997 men with a median age of 68 years, of whom 497 had a neg-
ative prior biopsy. The TB+SB approach identified 53.0% of PCa and 36.8% of csPCa cases.  Accepted after revision:
TB alone significantly outperformed SB in identifying csPCa, with detection rates of 348%  February 19,2026

vs. 10.3%, respectively, missing only 4.8% of PCa diagnosis—most of which were low-grade
tumors. SB contributed marginally, identifying additional csPCa cases in 1.4% of patients. In
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patients with a prior negative biopsy, the addition of SB to TB only accounted for 12.5% of PCa

diagnosis. Limitations include the study single-center design, restricting generalizability, and
the lack of whole-mount prostatectomy for histological confirmation.

Conclusions: In conclusion, SB adds limited diagnostic value, with TB alone being sufficient Editor in Chief

for detecting csPCa cases in patients with MRI-visible lesions. The results suggest that SB Luciano Alves Favorito
may be safely omitted in selected patients to reduce biopsy burden and lead to better clinical Associate Editor
outcomes. Luciano Alves Favorito
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INTRODUCTION

Prostate cancer (PCa) is a prevalent malig-
nancy, ranking second as the most common cancer in
men (1). One to three million cases of prostate cancer
are diagnosed every year (2). Incidence varies greatly
from 6.3 to 83.4 per 100,000 men worldwide, with Eu-
rope and North America presenting some of the highest
rates (3). In Portugal, there were 62.6 PCa new cases
and 111 related deaths per 100,000 individuals in 2022,
These numbers are expected to rise up to 22% and 54%,
respectively, by 2045 in the Portuguese population (3).

Blood tests for prostate-specific antigen (PSA)
and digital rectal examination continue to be the main
methods for initial screening and evaluation of PCa (4).
Transrectal ultrasound (TRUS)-guided systematic biop-
sy (SB) has been the preferred diagnostic approach for
PCa since a pivotal 1989 study demonstrated its supe-
riority over digitally directed biopsy sampling (5). Cur-
rently, the gold standard diagnostic tool is the 12-core
extended sextant TRUS. However, its essentially ran-
dom needle placement leads to a high false-negative
rate and can underestimate tumor grade in up to 38%
of cases due to undersampling (6). On the other hand,
random TRUS biopsy frequently detects low-grade, in-
dolent cancers, potentially leading to overtreatment.
Consequently, there is a growing need to improve pa-
tient selection and enhance biopsy techniques to better
identify and target potentially aggressive lesions.

Multiparametric magnetic resonance imag-
ing (mpMRI) has revolutionized the diagnosis and lo-
cal staging of PCa. Suspicious lesions identified using
Prostate Imaging-Reporting and Data System (PI-RADS)
v2.1 criteria (7), can be targeted and fused with real-
time ultrasound for biopsy (8). MRI/TRUS fusion, also
known as targeted biopsy (TB), has improved the detec-
tion of clinically significant prostate cancer (csPCa) by
enabling a more effective sampling of prostate lesions
(9). Despite its effectiveness, the 2024 European Asso-
ciation of Urology Guidelines advise that biopsy-naive
men should still undergo both SB of 12 prostate regions
and TB to minimize the risk of missing csPCa. For men
with a prior biopsy, SB may be omitted, although weakly
recommended (10).

Int Braz J Urol. 2026; 52(3): €20250653

Notwithstanding, the added diagnostic value
of combining SB with TB remains a matter of ongo-
ing debate. We hypothesize that SB does not provide
added value in the context of the diagnosis of clini-
cally significant PCa. In this context, this study aimed
to evaluate whether a random systematic approach
still provides additional value beyond fusion-guided
biopsies in detecting csPCa in men with suspicious
lesions identified on mpMRI.

MATERIALS AND METHODS

Study Participants and Design

This is a retrospective study conducted in a
tertiary care center between January 2019 and Sep-
tember 2023, including men with clinical suspicion of
PCa, who were biopsy-naive or had a previous nega-
tive SB, who underwent a mpMRI with at least one
suspicious lesion (PI-RADS>3) identified and had
both TB and SB. Patients were excluded based on
the following criteria: previous treatment for prostate
cancer, absence of MRI-visible prostate lesions, or
an inability to undergo MRI. All the patients provided
written informed consent.

Data collection

Data were secondarily collected from the
hospital medical records. It included sociodemo-
graphic characteristics (age) and clinical information
(PSA levels, prostatic volume, lesions characteristics,
PI-RADS and ISUP scores).

Image Acquisition and Analysis

mpMRI images were obtained using 1.5 and
3-Tesla systems without using an endorectal coil fol-
lowing PIRADS v2.1 guidelines (11). Examination in-
cluded T2-weighted (T2WI) images in three planes
and functional sequences (DWI, ADC map and DCE)
(12). Images were interpreted by experienced uro-
radiologists, who segmented and marked up to two
suspicious lesions using dedicated software (MiM-
Symphony®), prioritizing those with the highest
scores. Scans with inadequate image quality were
repeated before biopsy.
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Combined biopsy procedure and evaluation

All biopsies were done under general anesthe-
sia by the same experienced urologist. Patients initially
underwent TB followed by SB using the transperineal
approach (13). The perineum was sterilized and mpMRI-
TRUS software (MiM-Symphony®) was used to guide
transperineal TB using a template grid, with a median of
five cores taken per lesion. This was followed by system-
atic biopsy of the entire prostate, with denser sampling
of the peripheral zone (Supplementary Figure-1). Core lo-
cations were precisely tracked and documented using a
3D prostate model with automatic motion compensation,
and biopsy sites were visualized on MRI through image
fusion. Samples were labeled by location and analyzed by
experienced uropathologists according to ISUP grading.
Clinically significant prostate cancer was defined as ISUP
grade group >2, as ISUP 1 is not considered to be clini-
cally significant, and patients do not require treatment.
Cancer detection rates were compared between targeted
biopsy, systematic biopsy alone, and their combination.

Statistical Analysis

All variables were summarized using descriptive
statistics. Numerical variables were reported as medians
with first and third quartiles (P25; P75), while categori-
cal variables were described using absolute and relative
frequencies. Demographic and clinical characteristics
were analyzed for the overall sample and by prior biopsy
history. PI-RADS score distributions were summarized,
and prostate cancer detection rates were compared
between systematic and targeted biopsies using McNe-
mar'’s tests. Associations between biopsy methods and
cancer detection were also assessed with McNemar's
tests. Relationships between prior biopsy history and
categorical variables were evaluated using Chi-squared
or Fisher's exact tests, as appropriate. PI-RADS and ISUP
scores were summarized by biopsy type, and ISUP score
agreement between systematic and targeted biopsies
was assessed with Cohen's kappa. All inferential tests
were two-tailed, with a significance threshold of 5%.

The number needed for diagnosis (NND) was
calculated as the inverse of the Youden index. Con-
fidence intervals and comparisons between diag-
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nostic methods were obtained using non-parametric
bootstrap resampling (2,000 iterations), with statisti-
cal significance defined by a 95% confidence inter-
val excluding zero.

A multinomial logistic regression analysis was
performed to assess factors associated with patterns of
prostate cancer detection. SB only was used as the ref-
erence category. Predictors included age, PSA, prostate
volume and PSA density. Odds ratios (OR) and 95% con-
fidence intervals (Cl) were calculated for each predic-
tor. Categories with small sample sizes were interpreted
qualitatively if estimates were unstable. Patients without
prostate cancer were excluded from this analysis.

The statistical analysis was carried out using
the RStudio software v4.4.3. The multinomial model was
implemented in R using the nnet::multinom() function.

Ethics

This work has been approved by the Ethics
Committee of the institution where the study was con-
ducted (12/2022/CEFCM).

RESULTS

Characterization of the study sample

Patients' demographic and clinical characteris-
tics, overall and by previous biopsy status, are presented
in Table-1. This study included 997 men, with a median
age [P25; P75] of 68 [62; 72] years, from which 497 had
undergone a previous biopsy that turned out negative.
The median initial PSA and prostatic volume were 7.20
[5.04; 10.08] ng/mL and 57 [40; 79] mL, respectively.
Both values were significantly higher in patients with
previous biopsy (initial PSA: 8.26 [5.76; 11.24] ng/mL;
prostatic volume: 64 [46; 87] mL) than in those biopsy-
naive (p<0.0001). Overall median PSA density was 0.12
[0.08; 0.19] ng/mL? and more than half of the patients
(62.5%) would be classified as being on low PCa risk
group based on this parameter only.

Global and biopsy-specific PCa detection rate

A total of 282 (28.3%) patients were classified as
PI-RADS 3, 534 (53.6%,) as PI-RADS 4 and 181 (18.1%) as
PI-RADS 5 (Supplementary Figure-2). The description of
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Table 1- Demographic and clinical characterization of the study sample.

Total No previous biopsy Previous biopsy P_value
(n=997) (n=496)* (n=497)*
Age (years)
Mean (SD) 66.90 (0.23) 66.30 (0.34) 67.45 (0.32)
0.0508
Median [P25; P75] 68 [62; 72] 67 [61; 72] 68 [63; 72]
Min/Max 42/85 42/85 44/85
Initial PSA (ng/mL),
Mean (SD) 8.81(0.33) 784 (0.54) 9.79 (0.39)
<0.0001
Median [P25; P75] 7.20 [5.04;10.08] 619 [4.60; 8.41] 8.26 [5.76; 11.24]
Min/Max 0.50/253.00 0.50/253.00 0.53/150.00
Prostatic volume (mL)
Mean (SD) 63.83 (1.06) 5750 (1.39) 7017 (1.57)
<0.0001
Median [P25; P75] 57 [40; 79] 50 [38; 69] 64 [46; 87]
Min/Max 8/300 8/300 13/300
PSA density (ng/mL?)
Mean (SD) 016 (0.00) 015 (0.01) 0.16 (0.01)
0.2279
Median [P25; P75] 0.12[0.08; 0.19] 012 [0.08; 0.18] 012 [0.08; 0.20]
Min/Max 0.01/2.14 0.01/2.14 0.01/1.56
PCa risk group based on PSA
density, n (%)
Low risk (<0.15 ng/mL?) 618 (62.5%) 310 (62.9%) 305 (61.9%) 0.8099
High risk (>0.15 ng/mL?) 371(375%) 183 (371%) 188 (38.1%)
Missing 8 3 4

*4 patients had no information on previous biopsy status.

the lesions' location, size and histopathological features
is presented in Supplementary Table-1 and Supplemen-
tary Table-2.

The overall rate of PCa positive cases detected
by the combination approach (TB+SB) was 53.0% -
16.1% ciPCa and 36.8% csPCa (Table-2).

TB alone detected significantly more PCa cases
than SB alone (48.1% vs. 19.5%, p<0.001).

The total csPCa cases diagnosed was three-fold
higher with TB than with SB (34.8% vs. 10.3%; Table-2).
Within each PI-RADS category, a similar result was ob-
served, with TB detecting significantly higher csPCa

rates (PI-RADS 3: p=0.021; PI-RADS 4: p<0.001; PI-RADS
5: p<0.001; Supplementary Table-3).

The comparison of PI-RADS and ISUP gradings
by biopsy type are presented in Supplementary Tables 4
and 5, respectively. Analyzing PCa detection among pa-
tients with and without previous biopsy, the overall num-
ber of positive cases was higher for the biopsy-naive
group (59.3% vs. 46.9%, p<0.001; data not shown). This
difference was observed particularly in the TB results
(Supplementary Table-6), with this technique detecting
significantly more positive cases in patients without pre-
vious biopsy than in those with a previous one (55.4%
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Table 2 - PCa diagnosis by biopsy type.

Total (n=997)

TB+SB B SB P-value
PCa diagnosis
Positive 528 (53.0%) 480 (481%) 194 (19.5%) <0.0010
Negative 469 (47.0%) 517 (51.9%) 803 (80.5%)
ISUP grade
ciPCa (ISUP=1) 161 (16.1%) 133 (13.3%) 91(9.1%)
csPCa (ISUP >2) 367 (36.8%) 347 (34.8%) 103 (10.3%)
No PCa 469 (47.0%) 517 (51.9%) 803 (80.5%)
Previous negative biopsy (n=497)
ISUP score
ISUP 1 82 (16.5%) 65 (13.1%) 43 (8.7%)
ISUP 2 64 (12.9%) 57 (11.5%) 27 (5.4%)
ISUP 3 46 (9.3%) 43 (8.7%) 14 (2.8%) <0.0001
ISUP 4 31(6.2%) 29 (5.8%) 5 (1.0%)
ISUP 5 9 (1.8%) 9 (1.8%) 1(0.2%)
No PCa 265 (53.3%) 294 (59.1%) 407 (81.9%)
PCa
ciPCa 82 (16.5%) 65 (13.1%) 43 (8.7%) <0.0001
csPCa 150 (30.2%) 138 (27.8%) 47 (9.5%)
No PCa 265 (53.3%) 294 (59.1%) 407 (81.9%)

vs. 40.9%, p<0.001), namely csPCa, which was identified
in nearly twice of the biopsy-naive patients (41.7% vs.
27.8%, p<0.0001). On the contrary, in SB, a considerable
smaller proportion of patients were diagnosed with PCa
- 20.8% of biopsy-naive patients and 18.2% of those who
had already underwent a prostate biopsy (p=0.677).

Concerning patients with a previous negative
biopsy (n=497), SB detected fewer PCa cases than TB
(18.2% vs. 40.9%, p<0.0001), including csPCa (9.5% vs.
27.8%, p<0.0001), from 46.7% of total diagnosis (Table-2
and Supplementary Table-7). Still, adding SB to TB de-
tected more 17 ciPCa and 12 csPCa cases, mainly ISUP 2
(Table-2, underlined) representing 12.5% of all PCa diag-
nosis in patients with a prior negative biopsy.

Comparison between diagnosis and ISUP scoring
following TB and SB

Overall, TB alone diagnosed more PCa cases
and detected higher ISUP grades than SB. In fact, SB

Int Braz J Urol. 2026; 52(3): €20250653

missed or underscored 369 (37.0%) cases of PCa,
whereas TB missed or underscored only 53 (5.3%) PCa
(Supplementary Table-8).

When considering ISUP grading (Table-3), TB
underestimated 12 (1.2%) PCa cases and missed 48
(4.8%)- 34 (70.8%; 3.4% in the overall sample) ciPCa
and 14 (29.2%; 1.4% in the overall sample) csPCA by SB.
On the opposite, SB underscored 53 (5.3%) PCa cases
and missed 334 (33.5%)—106 (31.7%; 10.6% in the over-
all sample) ciPCa and 228 (68.3%; 22.9% in the over-
all sample) csPCA by SB. Still, 576 (57.9%) cases were
equally classified by both techniques (kappa coeffi-
cient=0.19; gray highlight).

A detailed summary of differences in PCa diag-
nosis between TB and SB in positive patients is present-
ed in Supplementary Table-9.

Overall, the SB method yielded a sensitivity of
36.7% and a specificity of 100.0%, corresponding to a
number needed for diagnosis (NND) of 2.72 (95% ClI,
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Table 3 - Comparison of ISUP grading between targeted and systematic biopsies. Relative frequencies relate
to the total number of patients. Values in bold represent csPCa cases. Values below the gray shading indicate
upgrading by TB, and values above gray shading indicate upgrading by SB.

SB

No PCa ISUP 1 ISUP 2 ISUP 3 ISUP 4 ISUP 5

(n=803) (n=91) (n=60) (n=26) (n=14) (n=3)
No PCa (n=517) 469 (46.9%) 34 (3.4%) 10 (1.0%) 3(0.3%) 1(0.1%) 0 (0.0%)
ISUP 1(n=33) 106 (10.6%) 22 (2.2%) 5(0.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
o ISUP 2 (n=168) 112 (11.2%) 20 (2.0%) 32 (3.2%) 2(0.2%) 1(0.1%) 1(0.1%)
= ISUP 3 (n=93) 58 (5.8%) 7 (0.7%) 9 (0.9%) 16 (1.6%) 2 (0.2%) 1(0.1%)
ISUP 4 (n=66) 41 (4.1%) 7(0.7%) 3(0.3%) 5 (0.5%) 10 (1.0%) 0 (0.0%)
ISUP 5 (n=20) 17 (1.7%) 1(0.1%) 1(0.1%) 0 (0.0%) 0 (0.0%) 1(0.1%)

kappa=0.19 (Slight agreement)

2.46-3.06). In contrast, the TB method demonstrated
a sensitivity of 90.9% with the same specificity of
100.0%, resulting in a significantly lower NND of 1.10
(95% Cl, 1.07-1.13).

In a multinomial logistic regression using
PCa cases detected by SB only (48 patients) as the
reference, higher PSA (p=0.037) and larger prostate
volume (p=0.036) were modestly associated with ex-
clusive detection by TB (OR 1.05 per ng/mL PSA, 95%
C11.00-1.09; OR 1.05 per mL prostate volume, 95% Cl
1.00-1.10). Age and PSA density were not significantly
associated with detection patterns.

DISCUSSION

This retrospective single-center study pro-
vides new data on the diagnostic value of combining
SB with TB.

The overall detection rate of PCa cases for
combined biopsy (TB+SB) was 53.0%, of these 48.1%
were diagnosed in TB and 19.6% in SB. These find-
ings align with other studies (14, 15), where the de-
tection of PCa following TB was 66% while for SB
was 22% (15), as anticipated, as mpMRI enhances
the detection of clinically significant disease (16).
However, the diagnostic value of both techniques in
scoring patients is still controversial. While one study
showed lower ISUP grading with TB compared to SB
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- with 14% of the cases being upgraded in TB vs. 23%
in SB, although non-significant (17), - other reported
higher detection rates for ISUP scores ranging from 3
to 5. For instance, ISUP 4 was detected in 6.5% of SB
cases vs. 10.2% for TB, and TB identified an additional
8.3% of cases above ISUP 3, compared to only 1.9%
with SB (14). Accordingly, our results demonstrated
the superiority of TB over SB in detecting ciPCa
(13.3% vs. 9.1%) and csPCa cases (34.8% vs. 10.3%).
CsPCa was defined as ISUP22. If ISUP 3 or higher
were used, patients with intermediate-risk disease
(considered clinically significant and therefore re-
quiring treatment) would be excluded. Moreover, TB
rarely underestimated the ISUP grading (12 cases,
1.2%) and missed only 4.8% of total PCa cases. This
false negative rate can be explained by some small
and less aggressive lesions being underestimated
during imaging or by technical errors during imaging
and biopsy (18). In fact, most cases (3.4%) were ciPCa
and only 1.4% were csPCA by SB. A marginal addition
of csPCa by SB may not justify the added cost of ad-
ditional biopsies, patient discomfort and complica-
tions. Along with a global negative rate of 80.5% by
SB - a higher value than that of other studies, which
report from 14 to 37.6% of negative PCa (14, 19)- and
the 33.5% false negative rate of the technique, these
results support the limited value of the systematic
approach in aiding to diagnosing PCa. Missed diag-
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noses in SB are often due to small tumors, anterior or
apical lesions, and under sampling of heterogeneous
cancers - limitations that are better addressed with
TB (20, 21). Moreover, a general advantage of reduc-
ing the number of cores is a reduced number of com-
plications like minor bleeding and urinary symptoms
(22). Kalahati et al. have also found that undergoing
SB is associated with a higher number of urinary in-
fections (2.7% after SB and 1.7% after TB) (23). The
difference in NND between the two approaches also
indicated that fewer examinations are required with
the TB method to achieve a correct diagnosis.

SB can miss csPCa, particularly in patients
with ongoing suspicion after a negative result (20, 24).
In fact, approximately half of this study sample had pre-
viously undergone a negative biopsy, with significantly
increased PSA and prostatic volume. This suggests a
population that likely already presented risk factors
prompting this first biopsy. More importantly, the rate of
PCa detection was higher with TB, compared to SB in
these patients (40.9% vs. 18.1%, from 46.7% total cases),
especially csPCa, which supports the notion that there
is no added value in performing a SB combined with TB
after a negative SB result. PCa detection by TB also dif-
fered significantly between patients with and without a
previous biopsy (40.9% vs. 55.2%). The high predictive
value of TB for accurately determining a patient's true
pathological grade group reduces the risk of misdiag-
nosis and may decrease diagnostic uncertainty, sup-
porting a TB-only strategy in men with previous nega-
tive biopsies, alike reported before (21, 25). Additionally,
our results support the clinical utility of TB particularly
in patients with higher PSA levels or larger prostate vol-
umes, likely reflecting sampling dilution effects inher-
ent to biopsy procedures in larger glands. On the other
hand, omitting SB could result in missed ciPCa, which
are typically slow-growing and less aggressive tumors
but may still pose long-term risks. However, high-risk
patients can benefit from active surveillance, enabling
timely detection of disease progression and early in-
tervention. Collectively, our findings contribute by
showing that undergoing TB alone is sufficient for
many patients.
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This study has several strengths, namely, in-
cluding a high number of participants and biopsy
samples, enrolled both biopsy-naive patients and
those with previous biopsy, and used a mapping grid
with predetermined holes, to minimize of oversam-
pling risk and targeting bias. All biopsies were per-
formed by the same experienced urologist, thus mini-
mizing operator-dependent variability and ensuring
consistent, standardized assessments. Limitations
of this study include the single-center design, which
may restrict the generalizability of the findings, and
the absence of whole mount prostatectomy for histo-
pathological verification. Future studies are needed
to develop risk-adapted models incorporating mpM-
Rl findings, PSA and clinical parameters to determine
when SB can be safely omitted. Long-term follow-
up is also needed to evaluate the clinical impact of
missed csPCa cases in patients undergoing TB alone.

CONCLUSIONS

Overall, these results suggest that SB of-
fers limited diagnostic value when combined with
a mpMRI-targeted approach and support the lat-
ter as a stand-alone procedure in men with suspi-
cious lesions (Figure-1). Omitting SB would miss few
PCa cases and result in marginal underdiagnosis of
csPCa, particularly in previously biopsied patients.
This less invasive approach could enhance patient
comfort, streamline clinical decision-making, and
enhance clinical outcomes.
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Figure 1- Clinical algorithm flowchart for PCa biopsy.
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APPENDIX

Supplementary Figure 1- Examples of four sample grid mappings.
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Supplementary Figure 2 - PI-RADS scoring of patients. Data are shown as absolute and relative frequencies.
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Supplementary Table 1 - Lesions characterization following mpMRI.

n=997
Lesion location
By zonal anatomy, n (%)
Central 267 (26.8)
Central/Peripheric 4(0.4)
Peripheric 726 (72.8)
By prostate region, n (%)
Apex 248 (25.0)
Base 204 (20.5)
Base/Middle 45 (4.5)
Base/Middle/Apex 6 (0.6)
Middle 436 (43.9)
Middle/Apex 55 (5.5)
Missing 3
Lesion size (mm)
Median [P25; P75] 10.0 [8.0; 14.0]
Min / Max 1.0/49.0

Supplementary Table 2 - Histopathological features of PCa lesions.

(nT=022|8) No prz\,/fzu: 4l)aiopsy Previous biopsy (n=232)

Cribriform pattern, n (%)

Yes 37(7) 24 (8.3) 13 (5.6)

No 487 (92.9) 266 (91.7) 219 (94.4)

Missing 4 4 0
Lymphovascular invasion, n (%)

Yes 1(0.2) 0(0.0) 1(0.4)

No 524 (99.8) 291(100.0) 231(99.6)

Missing 3 3 0
Perineural invasion, n (%)

Yes 117 (22.3) 78 (26.8) 39(16.8)

No 408 (777) 213 (73.2) 193 (83.2)

Missing 3 3 0
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Supplementary Table 3 - PI-RADS grading by biopsy approach.

B SB
(n=997) (n=997)
PCa csPCa (ISUP >2) PCa csPCa (ISUP >2)
» 3 (n=282) 68 (24.1%) 35 (12.4%) 43 (15.2%) 18 (6.4%)
n‘ot:; % 4 (n=534) 272 (50.9%) 195 (36.5%) 113 (21.2%) 61 (11.4%)
B " 5 (n=181) 140 (77.3%) 117 (64.6%) 38 (21.0%) 24 (13.3%)

csPCa = PI-RADS 3; X2= 5.33; p=0.021; PI-RADS 4: X?=90.88; p<0.001; PI-RADS 5: X?=104.65, p<0.001

Supplementary Table 4 - Comparison between PI-RADS and ISUP grading after targeted biopsy. Relative
frequencies relate to the number of PI-RADS patients in each category.

ISUP

TB

(n=997) No PCa ISUP 1 ISUP 2 ISUP 3 ISUP 4 ISUP 5

(n=518) (n=132) (n=169) (n=93) (n=66) (n=20)

» 3 (n=282) 214 (75.9%) 33 (11.7%) 24 (8.5%) 9 (3.2%) 2(0.7%) 0(0.0%)
a

é 4 (n=534) 262 (49.1%) 77 (14.4%) 94 (17.6%) 53 (9.9%) 40 (75%) 8 (1.5%)
& 5 (n=181) 41 (22.7%) 23 (17.7%) 50 (27.6%) 31(171%) 24 (13.3%) 12 (6.6%)

Supplementary Table 5 - Comparison between PI-RADS and ISUP grading after systematic biopsy. Relative
frequencies relate to the number of PI-RADS patients in each category.

ISUP

SB

(n=997) No PCa ISUP 1 ISUP 2 ISUP 3 ISUP 4 ISUP 5

(n=803) (n=91) (n=61) (n=26) (n=14) (n=3)

» 3 (n=282) 239 (84.8%) 25 (8.9%) 12 (4.3%) 4 (14%) 1(0.3%) 1(0.3%)
a

é 4 (n=534) 421 (78.8%) 52 (9.7%) 35 (6.6%) 15 (2.8%) 9 (1.7%) 2 (0.4%)
& 5 (n=181) 143 (79.0%) 14 (7.7%) 13 (7.2%) 7 (3.9%) 4 (2.2%) 0 (0.0%)
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Supplementary Table 6 - ISUP grading after targeted and systematic biopsy, by prior biopsy status.

SB
No previous Previous No previous Previous
biopsy biopsy P-value biopsy biopsy P-value
(n=496) (n=497) (n=496) (n=497)
ISUP score, n (%)
ISUP 1 68 (13.7%) 65 (131%) 48 (9.7%) 43 (8.7%)
ISUP 2 110 (22.1%) 57 (11.5%) 33 (6.7%) 27 (5.4%)
ISUP 3 50 (101%) 43 (8.7%) 12 (2.4%) 14 (2.8%)
<0.0001 0.813
ISUP 4 36 (7.3%) 29 (5.8%) 8 (1.6%) 5 (1.0%)
ISUP 5 1(2.2%) 9 (1.8%) 2 (0.4%) 1(0.2%)
No PCa 221 (446%) 294 (591%) 393 (79.2%) 407 (81.9%)
Significant PCa?, n (%)
ciPCa (ISUP=1) 68 (13.7%) 65 (13.1%) 48 (9.7%) 43 (8.7%)
csPCa (ISUP >2) 207 (41.7%) 138 (27.8%) <0.0001 55 (111%) 47 (9.5%) 0.677
No PCa 221 (44.6%) 294 (59.1%) 393 (79.2%) 407 (81.9%)
Supplementary Table 7 - PCa diagnosis and ISUP grading in patients with previous biopsy.
Previous negative biopsy (n=497)
TB+SB B SB p-value
ISUP score
ISUP 1 82 (16.5%) 65 (13.1%) 43 (8.7%)
ISUP 2 64 (12.9%) 57 (11.5%) 27 (5.4%)
ISUP 3 46 (9.3%) 43 (8.7%) 14 (2.8%) <0.0001
ISUP 4 31(6.2%) 29 (5.8%) 5 (1.0%)
ISUP 5 9 (1.8%) 9 (1.8%) 1(0.2%)
No PCa 265 (53.3%) 294 (59.1%) 407 (81.9%)
PCa
ciPCa 82 (16.5%) 65 (131%) 43 (8.7%) <0.0001
csPCa 150 (30.2%) 138 (27.8%) 47 (9.5%)
No PCa 265 (53.3%) 294 (59.1%) 407 (81.9%)
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Supplementary Table 8 - Comparison of the PCa clinical significance between targeted fusion and systematic
biopsy. Relative frequencies relate to the total number of patients. Values in bold represent csPCa cases.
Values above gray shading indicates upgrading by TB, values below gray shading indicate upgrading by SB.

SB
No PCa (n=803) ciPCa (n=91) csPCa (n=103)
No PCa (n=517) 469 (46.9%) 34 (3.4%) 14 (1.4%)
@ ciPCa (n=133) 106 (10.6%) 22 (2.2%) 5 (0.5%)
csPCa (n=347) 228 (22.9%) 35 (3.5%) 84 (8.4%)

Supplementary Table 9 - Comparison of PCa diagnosis between targeted and systematic biopsies in patients
with PCa positive fragments in at least one biopsy method.

PCa positive patients (n=528)

PCa diagnosis between biopsy types

Negative TB and positive SB 48 (9.1%)
ISUP 1(SB) 34 (6.4%)
ISUP 2 (SB) 10 (1.9%)
ISUP 3 (SB) 3(0.6%)
ISUP 4 (SB) 1(0.2%)
ISUP 5 (SB) 0 (0.0%)

Positive TB and negative SB 334 (63.3%)

Positive TB, but less aggressive than positive SB 12 (2.3%)
ISUP 1(TB) vs ISUP 2 (SB) 5 (0.9%)
ISUP 2 (TB) vs ISUP 3/4/5 (SB) 4 (0.8%)
ISUP 3 (TB) vs ISUP 4/5 (SB) 3(0.6%)
ISUP 4 (TB) vs ISUP 5 (SB) 0(0.0%)

Positive TB, with the same or greater aggressiveness than positive SB 134 (25.4%)
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ABSTRACT

ARTICLE INFO

Purpose: To analyze the renal length in patients submitted to computed tomography (CT
scans) and compare it according to age, gender, laterality and body parameters like height,
weight and Body Mass Index (BMI).

Methods and Methods: We analyzed 74 patients (148 kidneys) submitted to CT scans and
evaluated renal length in centimeters, gender, height, weight and BMI. The abdominal CT
scans acquisition and image analysis was done using 16 and 64 slice multidetector com-
puted tomography (MDCT) scanners to perform multiplanar reconstructions (MPR) and
measure the kidney length (KL) in coronal plane. The statistical analysis was performed
with the GraphPad Prism software (Version 9.2.0).

Results: The 74 patients analyzed (28 Males/37.83% and 46 females/62.17%) presented
mean age of 54. years-old, right kidney length between 8.4 to 13.1cm (mean=10.79) and
left kidney length between 8.3 to 13.1cm (mean=10.97). The kidney length on both sides was
significantly greater in male sex (p<0.001). The length of the left kidney was significantly
greater than that of the right kidney (p=0.017). The linear regression analysis showed non-
significant correlation between both right kidney length and positive correlations between
kidney length and BMI, weight and height.

Conclusions: CT scan accurately assessed renal length. We observed that renal length was
greater in males and in the left side. Weight, age, height and body mass index showed a
positive correlation with kidney length.

Int Braz J Urol. 2026; 52(3): €20269901 117

Luciano A. Favorito
https://orcid.org/0000-0003-1562-6068

Keywords:
Anatomy; Tomography, X-Ray
Computed; Body Mass Index

Submitted for publication:
December 10, 2025

Accepted after revision:
January 15, 2026

Published as Ahead of Print:
January 29, 2026

Editor in Chief
Luciano Alves Favorito

Associate Editor
Luciano Alves Favorito

Data Availability

All data generated or analysed
during this study are included
in this published article



INTRODUCTION

Knowledge of the normal sizes of the kidneys is
important to radiologists and urologists when assess-
ing the diagnosis and follow-up of renal diseases, using
ultrasound scan (US) (1, 2). Renal length (kidney length)
is an important parameter used in the clinical evaluation
of renal growth and abnormalities and to estimate the
renal cortex volume in chronic kidney disease (3-5). The
kidney size can be affected by several diseases (6).

Renal size estimation most commonly incorpo-
rates renal length, renal volume and cortical thickness
(3, 6, 7). The kidney length estimation is more solid be-
cause of its simple reproducibility, but the renal volume
estimation is more precise (3, 6, 7).

During partial nephrectomies to treat kidney tu-
mors the study of renal measurements and volume is
very important and has great impact to surgical plan-
ning (8). The renal length is influenced by the overall
body parameters, including age, height, weight and
body mass index (BMI) (8-10). A few studies have been
carried out on the normal dimensions of kidney size
around the world (1, 2, 5, 11).

To our knowledge there are no studies that ana-
lyzed the length of the kidney with the measurements
taken during CT scans and comparing the measure-
ments with body parameters. Our hypothesis is that kid-
ney length does not have important variations with age,
genders, height, weight and BMI. The objective of the
study was to analyze the kidney length in patients sub-
mitted to CT scans and compare it according to gender,
age, laterality and body parameters.

MATERIAL AND METHODS

This study was approved by the Ethical Com-
mittee on Human Research, of our institution with the
number (IRB: 76133 223.1.0000.5259) and we confirm
that all methods used in this paper were carried out
in accordance with relevant guidelines and regula-
tion. The study has also been registered in the Brazil
Plataform, Ministry of Health, National Health Coun-
cil, National Research Ethics Commission for stud-
ies with human beings. We confirm that all methods

used in this paper were carried out in accordance
with relevant guidelines and regulation in compli-
ance to the declaration of Helsinki.

We analyzed 74 patients (148 kidneys) submit-
ted to abdominal computed tomography (CT) for vari-
ous clinical indications in our institution between April
2024 and May 2025. We included patients up to 150 kg
and evaluated the renal length in centimeters, age, gen-
der, height, weight and Body Mass Index (BMI). We ex-
cluded patients with kidney anomalies, previous kidney
surgeries, tumors and cysts; patients with urinary ob-
structive factors and patients with kidney Infection and
renal failure.

The abdominal CT scans and image analysis
was done using 16 and 64 slice multidetector computed
tomography (MDCT) scanners. The reconstruction slice
thickness was 1.25mm and the contrast used was the
Henetix® 350 /Contrast dose 1.3 mL/ Kg. An experienced
radiologist evaluated the images acquired in the excre-
tory phase using the commercially available Picture Ar-
chiving and Communication System software (PACS)
Carestream® to perform multiplanar reconstructions
(MPR) and measured the kidney length (KL) in coronal
plane. The KL measurement was taken three times by
the single observer (12, 13), and the average was calcu-
lated (Figure-1).

Statistical Analysis

All parameters were statistically processed and
graphically described. The Shapiro-Wilk test was used
to verify the normality of the data. Student-t test was
used for comparison of quantitative data (p < 0.05), and
the level of significance was adjusted by the correction
of Bonferroni. Simple linear correlations were calcu-
lated for renal length according to patients age, height,
weight and BMI.

Simple linear correlations (r* values less than
0.4 reflect very weak correlation, while r? between 0.4
and 0.7 reflect moderate correlation and r® greater than
0.7 indicates strong correlation) were calculated for kid-
ney measurements, according to biometric parameters.
The statistical analysis was performed with the Graph-
Pad Prism software (Version 9.2.0).
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Figure 1 - Kidney Length measurement.

A

A) Schematic drawing of kidney length measurement and B) Kidney length measurement in coronal plane (red line) in a CT scan image acquired

during the excretory phase.

RESULTS

The 74 patients analyzed (28 Males - 37.83%
and 46 females - 62.17%) presented ages between
19 and 79 years-old (mean=541), weight between
50 and 121kg (mean=74.35), height between 150 to
186cm (mean=166.6), body mass index between 15.2
to 38.19 (mean=26.72), right kidney length between
8.4 to 13.1cm (mean=10.79) and left kidney length be-
tween 8.3 to 13.1cm (mean=10.97). The summary of
findings of the patients analyzed is reported in Ta-
ble-1. The renal length on both sides was significantly
greater in male sex (p<0.001). The length of the left
kidney was significantly greater than that of the right
kidney (p=0.017).

The linear correlation comparing renal length
and the biometric parameters analyzed were as-
sessed (Figure-2). The linear correlation comparing
renal length and age were positive, but the r? val-
ues less than 0.4 in the right and left side indicates a
very weak correlation. The linear regression analysis
shows non-significant correlation between both right
kidney length (r2=0.03041, p=0.1373, y=-0.01084x +

11.39) and left kidney length (r2=0.02422, p=0.1855,
y=-0.01029x + 11.53) with age.

The linear correlation comparing renal length and
BMI were positive, but the r* values less than 0.4 in right
and left side indicates a very weak correlation. The linear
regression analysis shows non-significant correlation be-
tween right kidney length and BMI (r2=0.05129, p=0.05123,
y=0.05055x + 9.488) and a significant correlation between
the left kidney length and BMI (r2=01004, p=0.0060,
y=0.07521x + 8.961).

The linear correlation comparing renal length and
height also indicates a weak correlation. The linear regres-
sion analysis shows a significant correlation between right
kidney length and height (r2=0.1703, p=0.0003, y=0.04192x
+ 3.814) and a significant correlation between the left kidney
length and height (r2=0.1926, p<0.001, y=0.04743x + 3.070).

The linear correlation comparing renal length
and weight also indicates positive correlation. The lin-
ear regression analysis shows a significant correlation
between right kidney length and weight (r2=0.1831,
p=0.0001, y=0.02799x + 8.717) and a significant cor-
relation between the left kidney length and weight
(r2=0.2632, p<0.001, y=0.03570x + 8.318).
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Table 1 - The table shows the parameters of our sample (74 patients) analyzed in the present study.

Parameters SEX Sample Mean SD IQR
Age(years-old) F 46 56.7 15168 2450
M 28 499 14.496 22.50
Weight (kg) F 46 68.5 1.833 13.50
M 28 839 13.337 13.50
Height_(cm) F 46 161.6 6.234 9.75
M 28 174.8 7493 725
BMI F 46 26.2 3.857 5.02
M 28 276 4725 613
RKL (cm) F 46 10.5 0.861 107
M 28 1.3 0.905 133
LKL (cm F 46 10.6 0.939 117
M 28 1.6 0.710 1.20

BMI = body mass index; RKL = right kidney length; LKL = left kidney length; SD = Standard deviation; IQR = Interquartile range

Figure 2 - The figure shows the linear regression analysis comparing the biometric data with renal length in
CT scans.

Linear Regression

A B Body mass index x kidney length
ALmear‘Regressmn MALE and FEMALE
ge x kidney length
MALE and FEMALE 14
34 - —— Right kidney length (cm)
—— Right kidney length (cm)  _ r2=0.05129
B 2 = 0.03041 5 121 p =0.0523
5 124 p=0.1373 = K Not Significant
= Not Significant = H y=0.05055x + 9.488
@ =-0.01084x + 11.39 < 10 PR L )
3 104 Y 2 5 e . —— Left kidney length (cm)
= . ] . . "t
> —— Left kidney length (cm) q:a , 2 =0.1004
3 8- 12 =0.02422 2 8 p = 0.0060
- p=0.1855 Significant
Not Significant y=0.07521x + 8.961
6 g . . . . y=-0.01029x + 11.53 6 Y . . .
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Age (years) Body mass index (BMI)
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c i g 12 = 0.02681
T gd r2 =0.2632 .
g8 p < 0.0001 2 81 p=0.2769
Slgniﬁcant Not Significant
= 0.02466x + 6.577
6 , ; . y=0.03570x + 8.318 6 . . : . : Y
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A) Renal Length X Patients Age: The linear regression analysis shows non-significant correlation between both right kidney length (r2=0.03041, p=0.1373, y=-0.01084x
+11.39) and left kidney length (r2=0.02422, p=0.1855, y=-0.01029x + 11.53) with age; B) Renal Length X Body Mass Index (BMI): the linear regression analysis shows
non-significant correlation between right kidney length and BMI (r2=0.05129, p=0.05123, y=0.05055x + 9.488) and a significant correlation between the left kidney
length and BMI (r2=0.1004, p=0.0060, y=0.07521x + 8.961); C) Renal Length X Patients Weight: The linear regression analysis shows a significant correlation between
right kidney length and weight (r2=0.1831, p=0.0001, y=0.02799x + 8.717) and a significant correlation between the left kidney length and weight (r2=0.2632, p<0.001,
y=0.03570x + 8.318). D) Renal Length X Patients Height: the linear regression analysis shows a significant correlation between right kidney length and height
(r2=0.1703, p=0.0003, y=0.04192x + 3.814) and a significant correlation between the left kidney length and height (r2=0.1926, p<0.001, y=0.04743x + 3.070).
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DISCUSSION

The kidneys are located at the retroperito-
neum, in contact with the major psoas muscle in each
side, and therefore their longitudinal axis parallels the
oblique direction of the psoas. The adult kidney has a
length around 12 centimeters (cm) that vary among eth-
nic groups and are influenced by other factors such as
body size, age and sex (14). The most accurate measure-
ment of kidney size is estimated by the kidney volume,
which could be correlated with biometric parameters
like height, weight, and total body area (15, 16). The pre-
cise calculation of renal volume with US would be inap-
propriate, since it can underestimate the renal volume
(17). Kidney volume is a better approximation of kidney
size than renal length because of the shape of the kid-
ney, but it is technically more demanding and needs
four measurements in two different planes (15, 17, 18).

Renal length may not be an absolute predictor of
overall kidney size, perhaps due in part to the fact that it
measures only a single renal dimension, which may be as-
sociated with several inconsistencies and individual varia-
tions (17, 18). The renal volume has been emphasized by
several authors as a true predictor of kidney size, however
the renal length is easier to measure and is considered a
good parameter for evaluating renal pathologies (19, 20).

Estimation of renal size could be a crucial step
in the evaluation and treatment of several diseases, in-
cluding cystic kidney diseases, chronic renal failure and
renal masses (21, 22). US is the standard imaging modal-
ity in the investigation of renal diseases due to its nonin-
vasive nature and easy availability; however it depends
on the operator. CT scans are more commonly used for
staging and characterization of renal cancer and could
be an option for renal volume estimation because it has
better accuracy in measurements (23).

Different studies have shown a correlation be-
tween renal measurements obtained via ultrasound and
somatic parameters. In this paper for the 1st time in lit-
erature we studied the correlations between the anthro-
pometric estimations with renal length using CT scans.
Capaccioli and collegues (24) found a good correlation
between age and kidney length. In a study with a larg-
er sample size, Safak and collegues (25) examined 712

healthy school-age children and reported that weight
best correlated with kidney length. The US reports are
inconsistent on the relationship between body indices
and renal morphology; some studies have found nega-
tive correlations between age and renal size (15,17,26). In
our paper the linear correlation comparing renal length
and age were positive, with a very weak correlation.

Several studies show that the renal length
measurements were significantly associated with body
mass index (BMI), weight, and body surface area (5, 8,
9). Emamian and collegues (27) reported evidence link-
ing kidney length to weight, height, and body surface
area, and BMI, while Han and Babcock (28) reported a
correlation between kidney length and BMI. In our study,
correlations show that weight, height, and BMI are sig-
nificantly associated with renal length, especially for the
left kidney. BMI and height were significant predictors
for the right kidney, while sex and BMI were significant
for the left kidney. The results indicate significant differ-
ences in kidney length between sexes, with men having
larger kidneys, which may be related to anthropometric
differences, such as greater weight and height.

Some studies have demonstrated no signifi-
cant differences between the left and right kidney sizes.
However, in our study the left kidney was significantly
larger than the right kidney, which is similar to what was
reported in other studies (5, 8, 9, 17, 26). The significant
difference between the length of the right and left kid-
ney suggests anatomical asymmetries, consistent with
previous studies. The reasons to explain the difference
between the length of the right and left kidney would
be that the spleen smaller size compared to the liver,
so the left kidney has more space to grow and the fact
that the left renal artery is shorter than the right one, so
increased blood flow in the left renal artery may result in
a relatively increased size of the left kidney (14).

We should mention some limitations of this
study: small sample size, study carried in a single insti-
tution, and we did not measure the renal volume.

In conclusion the CT scan accurately as-
sessed renal length. We observed that kidney length
was greater in males and in the left side. Weight, age,
height and body mass index showed a positive cor-
relation with kidney length.
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ABBREVIATIONS

CT = computed tomography

BMI = body mass index

MDCT = multidetector computed tomography

PACS = Picture Archiving and Communication System
software

MPR = multiplanar reconstructions

KL = kidney length

US = Ultrasound Scan
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ABSTRACT ARTICLE INFO
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INTRODUCTION

Partial nephrectomy (PN) is the standard
treatment modality for patients with cT1 renal tumors
when technically feasible, as well as for cT2 tumors
in patients with a solitary kidney or chronic kidney
disease (CKD) (1).

Contemporary management of small renal
masses increasingly emphasizes nephron-sparing strat-
egies with a strong focus on long-term preservation
of renal function rather than oncological control alone
(2). Regarding functional outcomes, important determi-
nants include warm ischemia time (WIT) and the vol-
ume of preserved functional renal parenchyma postop-
eratively. Previous studies have reported limited data on
long-term functional outcomes assessed through kid-
ney volumetry (3, 4).

Three-dimensional (3D) modeling techniques
have become integral for obtaining precise and accurate
measurements of renal parenchymal volume (RPV) with
the help of current technological advancements. More-
over, 3D models facilitate more objective calculations of
tumor volume, tumor-parenchyma contact surface area,
and bilateral RPV in patients with renal tumors (5).

We hypothesized that preserved renal paren-
chymal volume is a primary determinant of long-term
renal functional preservation after laparoscopic partial
nephrectomy, independent of conventional clinical and
nephrometry-based factors.

The novel contribution of this study lies in its
long-term, three-dimensional volumetric-functional
analysis performed in a homogeneous cohort of patients
undergoing laparoscopic partial nephrectomy. By mini-
mizing surgical heterogeneity through a single-surgeon,
standardized approach, this study provides new insight
into the relative impact of preserved renal parenchymal
volume and tumor-parenchyma interaction parameters
on postoperative renal functional preservation, beyond
conventional clinical variables and nephrometry scores.

The primary aim of this study is to evaluate pre-
served RPV using three-dimensional modeling quan-
titatively and to examine its association with temporal
changes in estimated glomerular filtration rate (eGFR).
As a secondary objective, we aimed to identify preop-

Int Braz J Urol. 2026; 52(3): €20250665

erative and surgical factors influencing preserved RPV
and postoperative renal function.

MATERIALS AND METHODS

This study was conducted with the approval of
the Ondokuz Mayis University Faculty of Medicine Clini-
cal Research and Ethics Committee, dated February 14,
2024 (Decision No: B.30.2.0DM.0.20.08/84-134).

Data from patients who underwent laparoscopic
partial nephrectomy (LPN) between October 2012 and
January 2023 were prospectively collected and subse-
quently analyzed retrospectively. A total of 187 patients
who had undergone evaluation using the same cross-
sectional imaging modality both preoperatively and
postoperatively (computed tomography [CT]/magnetic
resonance imaging [MRI]) with a minimum follow-up pe-
riod of one year were included in the study. Patients with
a solitary kidney and those with bilateral renal masses
were excluded from the study, as it focused on postop-
erative compensatory functional changes in the contra-
lateral kidney. In the absence of a paired renal unit or in
the setting of bilateral surgery, compensatory adaptation
cannot be reliably distinguished from the direct effects
of surgical intervention, thereby limiting the interpretabil-
ity of volumetric-functional analyses. Demographic and
clinical data such as age, sex, body mass index (BMI),
presence of diabetes mellitus (DM), hypertension (HT),
coronary artery disease (CAD), CKD (defined as an eGFR
below 60 mL/min/1.73 m?), history of smoking, history of
prior abdominal surgery, preoperative creatinine levels,
and eGFR were recorded.

Preoperative radiological imaging was used
to determine tumor size and the RENAL and Preopera-
tive Aspects and Dimensions Used for an Anatomical
(PADUA) nephrometry score (6). Additionally, the lateral
peripheral fat thickness at the level of the renal vein was
measured in alignment with the renal capsule and renal
vein. Posterior peripheral fat thickness was assessed by
measuring the perpendicular distance from the midpoint
of the posterior renal capsule to the posterior abdominal
wall at the level of the renal vein. Previous studies have
assessed the presence and thickness of perinephric lin-
ear soft tissue attenuation (stranding type), and the Mayo
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Adhesive Probability (MAP) score was calculated based
on these data.

A single surgeon performed all surgeries using a
previously described technique.

A transperitoneal approach was preferred in all
cases, with patients positioned in a modified lateral decu-
bitus position. Pneumoperitoneum was established using
a closed technique, and trocar placement was adapted
according to patient anatomy. After mobilization of the
colon and surrounding structures, Gerota's fascia was in-
cised, and perirenal dissection was carried out to expose
the renal hilum. The renal artery and vein were dissected
separately and secured with vessel loops.

Tumor localization and resection margins were
guided by intraoperative ultrasonography (USG), par-
ticularly in endophytic lesions. Tumor excision was per-
formed using cold scissors along the tumor-parenchyma
interface, aiming to preserve maximal healthy renal pa-
renchyma and to avoid tumor capsule violation. Selective
or global hilar clamping was applied when indicated.

Renorrhaphy was performed using a standard-
ized two-layer technique. The inner layer consisted of
absorbable sutures for closure of the collecting system
or deep parenchymal defects, while the outer cortical
layer was completed using absorbable braided sutures
with a sliding-clip technique for parenchymal approxi-
mation and hemostasis. After completion of renorrha-
phy, vascular clamps were released, and hemostasis
was confirmed under reduced pneumoperitoneum
pressure. The specimen was retrieved using an endo-
scopic retrieval bag, and Gerota's fascia was closed with
absorbable sutures.

Perioperative variables were evaluated, includ-
ing operative time, ischemia type and time, intraopera-
tive ultrasonography (USG) use, and the Surface-Inter-
mediate-Base (SIB) score. Complications were classified
according to the Clavien-Dindo complication grading
system. Postoperative eGFR values were recorded to as-
sess renal function (RF).

Preoperative and postoperative radiological im-
ages of the patients were reconstructed into three-di-
mensional models using the 3D Slicer software (https://
www.slicer.org). These models were used to calculate
volume and surface area using the software.
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Patients with missing clinical, functional, or
volumetric imaging data at a given follow-up year were
excluded from analyses corresponding to that specific
time point. No data imputation was performed. Analyses
were conducted on a year-specific basis, including only
patients with complete imaging and renal function as-
sessments available for the respective follow-up interval.

Volume and Surface Area Calculation

CT/MRI images were processed using the 3D
Slicer software to identify the boundaries of the affected
kidney, the tumor, and the contralateral kidney to gener-
ate 3D reconstructions. The 3D models revealed tumor
volume, preoperative healthy RPV (excluding the tumor),
contralateral renal parenchymal volume (CRPV), tumor
surface area, and tumor-to-kidney contact surface area
(as illustrated and described in Figure-1, the tumor-to-
kidney contact surface area was calculated).

Imaging acquisition protocols were standard-
ized to ensure volumetric accuracy and longitudinal
consistency. Contrast-enhanced computed tomography
scans were acquired using multiphasic protocols, and
tumor assessment and volumetric analyses were per-
formed on the nephrographic phase. Images were ob-
tained with slice thicknesses ranging from 1to 3 mm and
reconstructed using isotropic voxels to enable accurate
three-dimensional segmentation. In patients undergo-
ing MRI, contrast-enhanced Ti-weighted sequences
with comparable slice thickness and reconstruction pa-
rameters were used. For each patient, preoperative and
postoperative volumetric analyses were consistently
performed using the same imaging modality to mini-
mize inter-modality variability.

These measurements were performed as follows:
tumor boundaries were delineated in all relevant slices
using Hounsfield unit (HU) differences or intensity differ-
ences between the healthy parenchyma and the tumor in
contrast-enhanced images. Optimal contouring was per-
formed on the most detailed pixel scale in appropriate se-
quences that demonstrated intensity differences, ensuring
precise delineation of tumor borders. Next, the preopera-
tive healthy RPV, excluding the tumor, was measured. The
tumor surface area was automatically calculated in square
centimeters (cm?) from the 3D models.
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Figure 1 - Calculation of the Tumor-to-Kidney Contact Surface Area in Non-Endophytic Tumors

Suppose we define the exophytic surface area of the tumour as "a", the endophytic surface area as "b", and the outer surface area of the healthy

parenchyma as "c". In that case, the 3D Slicer software allows us to calculate the values of "a + ¢","a + b", and "b + c". Using these known values,
the unknown "b" value, which represents the tumour-to-kidney contact surface area, was calculated using the following formula:

b = tumour-to-kidney contact surface area =

(b+c)-(a+c)+a+b

2

Statistical Analysis

Data were analysed using Statistics Package
for Social Sciences version 24 (IBM SPSS°, Armonk,
NY) and Number Cruncher Statistical System (ICSS) 11
software. The normality of the distribution was assessed
using the Shapiro-Wilk and Kolmogorov-Smirnov tests.
The Fisher's Exact Test, Yates Correction, and Pearson
Chi-Square Test were used for categorical variables,
while multiple comparisons were conducted using the
Bonferroni-Corrected Z Test.

For group comparisons, the Independent Sam-
ples t-test was employed for normally distributed vari-
ables, whereas the Mann-Whitney U test was applied for
variables that did not meet the assumption of normality.
Linear Regression Analysis was used to examine fac-
tors affecting normally distributed dependent variables,
while Robust Regression Analysis was applied to those
not following a normal distribution.

Results were presented as frequencies (per-
centages) for categorical variables and as means *
standard deviations or medians (minimum-maximum)
for quantitative variables. A p-value < 0.05 was consid-
ered statistically significant.

RESULTS

The demographic and perioperative data of
the study are shown in Table-1. Of the patients, 52.9%
(n=99) were male, and 471% (n=88) were female, with a
median age of 58 years (IQR: 48-66). Among the study
population, 17.6% (n=33) had DM, 45.5% (n=85) had HT,
and 6.4% (n=12) had CKD. Additionally, 35.8% (n=67)
had a history of previous abdominal surgery, and 26.2%
(n=49) were active smokers.

The tumor was located in the left kidney in
43.9% of patients (n=82) and the right kidney in 56.1%
(n=105). The mean tumor size was 36.76 + 13.37 mm. The
median RENAL score was 7 (IQR: 6-9), the median PAD-
UA score was 8 (IQR: 7-10), and the median MAP score
was 1(IQR: 0-3).

Regarding ischemia types, 86% (n=16) under-
went non-ischemic (off-clamp) surgery, 861% (n=161)
underwent global ischemia, and 5.3% (n=10) underwent
selective ischemia. The median WIT was 14 minutes (IQR:
11-18). The median SIB score was 4 (IQR: 2-5). The me-
dian operative time was 80 minutes (IQR: 65-100), with
intraoperative USG used in 71% of patients (n=132). The
median estimated blood loss was 100 mL (IQR: 50-160).
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Table 1- Demographic and Perioperative Features of the Cohort.

Demographic Data (n=187)

Gender, n (%)

Female 88 (471)
Male 99 (52.9)
Age (years), median (IQR) 58 (48 - 66)

BMI (kg/m?), median (IQR)
Preoperative eGFR (mL/min/1.73m?), median (IQR)

28.52 (26.02 - 32.08)
90.56 (73.99 - 103.16)

Radiological Characteristics (n=187)

Tumor Side, n (%)

Left 82 (43.9)

Right 105 (56.1)
Tumor size (mm), mean = SD 36.76 +13.37
RENAL Score, median (IQR) 7(6-9)
PADUA Score, median (IQR) 8(7-10)
MAP Score, median (IQR) 1(0-3)

Preoperative Volume and Surface Area Measurements (n=187)

Tumor-Bearing Kidney Volume (cm?®), median (IQR)

Tumor Volume (cm?®), median (IQR)

188.5 (91 - 439)
15.8 (0.2 - 258)

Preoperative Tumor-Free RPV (cm®), mean + SD 168,87 + 40,91
Preoperative CRPV(cm?), mean + SD 168.87 + 40.91
Tumor Surface Area (cm?), median (IQR) 35(3-362)
Tumor-to-Parenchyma Contact Surface Area (cm?), median (IQR) 16 (1-150)
Operative Data (n=187)
Ischemia Type, n (%)
Non-Ischemia 16 (8.6)
Global Ischemia 161 (86.1)
Selective Ischemia 10 (5.3)
WIT (min), median (IQR) 14 (11 -18)
SIB Score, median (IQR) 4(2-5)
Operative Time (min), median (IQR) 80 (65 - 100)
Intraoperative USG Use, n (%) 132 (71)

Estimated Blood Loss (mL), median (IQR)

100 (50 - 160)

Values are presented as median (interquartile range), mean + standard deviation, or number (percentage), as appropriate.

BMI = body mass index; eGFR = estimated glomerular filtration rate; IQR = interquartile range; SD = standard deviation; RENAL = Radius-
Exophytic/Endophytic-Nearness-Anterior/Posterior-Location score; PADUA = Preoperative Aspects and Dimensions Used for an Anatomical
score; MAP = Mayo Adhesive Probability score; RPV = renal parenchymal volume; CRPV = contralateral renal parenchymal volume; WIT = warm
ischemia time; SIB = surface-ischemia burden; USG = ultrasonography
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According to the Clavien-Dindo complication
classification, among patients experiencing compli-
cations, 4.3% (n=8) had Grade 1 complications, 4.3%
(n=8) had Grade 2 complications, and 3.2% (n=6) had
Grade 3 complications. Grade 4-5 complications were
not observed. Patients were followed for a mean dura-
tion of 30 months.

The median preoperative tumor-bearing kidney
volume was 188.5 cm?® (IQR: 91-439), the median tumor
volume was 15.8 cm?® (IQR: 0.2-258), and the mean tu-
mor-free RPV was 168.87 + 40.91 cm® The mean CRPV
was 168.87 + 40.91 cm® The median tumor surface area
was 35 cm? (IQR: 3-362), and the median tumor-to-pa-
renchyma contact surface area was 16 cm? (IQR: 1-150).

The duration of follow-up ranged from 1to 5
years. The number of patients with complete imaging
and renal function data decreased over time, reflecting
the retrospective design of the study. Complete follow-
up data were available for 187 patients at 1 year, 147

patients at 2 years, 80 patients at 3 years, 36 patients
at 4 years, and 12 patients at 5 years. All analyses were
performed on a year-specific basis, including only pa-
tients with complete data available for the respective
follow-up interval.

Preoperative eGFR (mL/min/1.73m?) was 90.56
(73.99-103.16), declining to 84.01 (13.22-121.46) at post-
operative year 1, 8119 (13.79-124.75) at year 2, 81.02
(17.55-118.92) at year 3, 77.66 (15.53-134.94) at year 4,
75.88 (16.81-116.96) at year 5. The operated renal paren-
chymal volume (ORPV) was measured to be 146 + 40
cm?® at postoperative year 1, 139.6 + 40 cm® at year 2,
139.2 + 39 cm?® at year 3, 1371 + 36.4 cm® at year 4, and
137.58 + 41.7 cm® at year 5. The CRPV was measured to
be 173.5 + 35.9 cm® at postoperative year 1, 175 + 35.3
cm® at year 2,180.9 + 36 cm® at year 3,178.3 + 32.9 cm®
at year 4, and 174.17 + 23,77 cm® at year 5. The percent-
age changes in these volumetric data and in eGFR are
presented in Figure-2. Robust regression analysis was

Figure 2 Relationship Between A ORPV, A CRPV, and A eGFR

25,00
==@==Percentage Decrease in OPRV =@==Percentage Increase in CPRV
2000 Percentage Decrease in e-GFR
15,00
10,00
5,00 s e ®
C=—= e .
X 0,00
1st year 2nd year 3rd year 4th year 5th year
-5,00 n:187 n:147 n:80 n:36 n:12
-10,00
-15,00 .\'_
-20,00 _
-25,00

Longitudinal percentage changes in operated renal parenchymal volume (OPRV), contralateral parenchymal renal parenchymal volume (CPRV),
and estimated glomerular filtration rate (eGFR) over a 5-year follow-up period after partial nephrectomy. The graph demonstrates a progressive
percentage decrease in OPRV and eGFR, accompanied by a gradual percentage increase in CPRV, indicating compensatory hypertrophy of the
contralateral kidney in response to parenchymal volume loss in the operated kidney

n: Number of patients included in the analysis
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performed to assess the independent variables influ-
encing AeGFR (percentage change in eGFR), which is
presented in Table-2. A one-unit increase in age caused
a 0.164 decrease in the rate of preserved eGFR in the
first postoperative year (p=0.045). Additionally, a one
percent decrease in the first-year preserved ORPV led
to a 0197 unit decrease in the first-year rate of preserved
eGFR (p<0.001). Furthermore, an increase of one unit in
the tumor-to-parenchyma contact surface area resulted
in a 0.876 unit decrease in the first-year rate of preserved
eGFR (p=0.045).

A one-unitincrease in age led to a 0.310 unit de-
crease in second-year rate of preserved eGFR (p=0.020).
Similarly, a one percent decrease in the second-year
preserved ORPV resulted in a 0.259 unit decrease in
the second-year rate of preserved eGFR (p<0.001). Ad-
ditionally, a 5.246 unit greater decrease in the rate of
preserved eGFR was observed in female patients com-
pared to male patients in the second year (p=0.027).

A one percent decrease in the third-year pre-
served ORPV was associated with a 0.229 unit decrease
in the third-year rate of preserved eGFR (p=0.015). Fur-
thermore, patients with DM had a rate of preserved
eGFR decrease that was 12154 units higher than those
without DM (p=0.008) in the third year.

The robust regression analysis evaluating the
independent variables associated with A ORPV (per-
centage change in OPRV) is presented in Table-2. It was
determined that for each year increase in age, the first-
year rate of preserved ORPV decreased by 0.284 units
(p=0.034). Additionally, with an increase of one unit in
operative time, the first-year rate of preserved ORPV de-
creased by 0.162 units (p=0.001). For each unit increase
in the SIB score, the first-year rate of preserved ORPV
decreased by 2.236 units (p=0.004). Patients without co-
morbidities had a first-year rate of preserved ORPV 6.166
units higher than those with comorbidities (p=0.014).

As the RENAL score increased, the second-
year rate of preserved ORPV decreased by 4.409 units
(p=0.002). Additionally, with an increase of one unit in
operative time, the second-year rate of preserved ORPV
decreased by 0.292 units (p=0.004). Each unit increase
in the SIB score resulted in a 3.350 unit decrease in the
second-year rate of preserved ORPV (p=0.022). Patients
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without comorbidities had a second-year rate of pre-
served ORPV 9.794 units higher than those with comor-
bidities (p=0.048).

DISCUSSION

This study identified preserved renal volume
as the key modifiable factor influencing eGFR preser-
vation. Tumor resection technique and operative time
were additional modifiable factors affecting preserved
renal volume. Unmodifiable predictors of eGFR pres-
ervation included age, gender, tumor-to-parenchyma
contact surface area, and the presence of DM, whereas
age, RENAL score, and comorbidities were identified
as unmodifiable determinants of renal volume preser-
vation. While the most critical factor on RF in the early
postoperative period was the preserved renal volume,
DM emerged as the primary determinant of long-term
functional outcomes.

Acute kidney injuries secondary to surgery
and warm ischemia lead to a renal recovery process.
A larger preserved RPV post-surgery correlates with a
higher compensatory capacity. Previous studies have
emphasised that preserving RPV is the most statistically
significant factor in eGFR decline (8, 9). Furthermore,
in addition to factors that affect eGFR change by influ-
encing postoperative RPV, other direct determinants of
eGFR also exist.

It has been determined that eGFR declines an-
nually as part of the natural ageing process, but the
rate of decline slows with advancing age (10). However,
postoperative renal functional changes represent a dis-
tinct process influenced by surgical and perioperative
factors. Similar to our study, studies investigating eGFR
decline following PN indicate that the rate of postopera-
tive eGFR decline increases with age (11, 12). Potentially
due to more effective compensatory mechanisms in
younger patients and increased comorbidities in older
individuals.

Furthermore, previous studies have suggested
that women indicated a more rapid age-related decline
in eGFR than men (13). Studies examining patient and
disease characteristics that affect RF after PN have found
a greater postoperative eGFR reduction in men than in
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Table 2 - Robust Regression Analysis of Factors Associated with eGFR Decline and ORPV Loss Following LPN.

A eGFR A ORPV
Year 1 (n:187) Year 2 (n:147) Year 3 (n:80) Year 1(n:187) Year 2 (n:147)
[0 (95% CI) B0 (95% CI) [0 (95% CI) Bo (95% Cl) [0 (95% CI)
p p p p p

Patient Factors

Age (years)

Male Gender

Body Mass Index

Hypertension

Diabetes Mellitus

Absence of
Comorbidities

Smoking Status

0.16 (0.00 -0.33)
p: 0.045

252 (-5.72 -0.69)
p: 0123

072 (-2.52 - 3.97)
p:0.660

-0.34 (-4.76 - 4.08)
p: 0.879

117 (-4.74 - 2.41)

0.31(0.05 - 0.57)
p:0.020

-5.25 (-9.87 - -0.62)
p:0.027

2.38 (-2.2 - 6.95)
p:0.306

422 (-2.02 - 10.46)
p:0183

2,66 (-2,64 - 796)

0.25 (-0.11 - 0.61)
p:0167

1.05 (-5.74 - 7.85)
p:0.757

3.21(-2.85 - 9.28)
p:0.293

1215 (3.24 - 21.07)
p:0.008

-1.79 (-9.55 - 5.96)

0.284 (0.02 - 0.55)
p:0.034

-1.88 (-8.73 - 4.96)
p:0.59

-0.35 (-0.98 - 0.27)
p:0.27

-617 (-111 - -1.25)
p:0.014

0.46 (-016 - 11)
p:0138

722 (-22.8 - 8.4)
p:0.350

-0.57 (-1.71- 0.58)
p:0.320

-9.79 (-19.52 - -0.07)
p:0.048

p:0.521 p:0.322 p:0.645
Tumor Factors
- - - 0.33 (212 - 2.78) 441172 -71)
RENAL Score p:0.790 p:0.002
- -082 (-2.48 - 0.84) 137 (-514 - 2.4)

MAP Score - - p:0.331 p:0.462
:;f:::;‘:;':%w -0.04 (-0.08 - 0.01) 0 (-0.07 - 0.06) 0.04 (-0.03 - 0J3) - -
cm®) p: 0,085 p:0.993 p:0.276
Tumor Volume -0.02 (-0.09 - 0.05) -0.04 (-016 - 01) -0.06 (-019 - 0.07) 0.01(-010 - 012) -012 (-0.38 - 015)
(cm?®) p:0.570 p:0.451 p:0.346 p:0.898 p:0.372
Contact Surface 0.88 (-0.44 - 2.20) 137 (-0.89 - 3.63) 172 (-1.08 - 452) 164 (-0.65 - 3.94) -0.38 (-367 - 2.91)
Area (cm?) p:0.045 p:0.233 p:0.225 p:0.159 p:0.817

Surgical Factors

Ischemia Type

-3.85 (-13.26 - 5.55)

0563 (-2167 - 22.79)

(Non/Sel) p:0.418 p:0.959
Warm Ischemia _ _ _ 0.01(-0.59 - 0.62) -0.44 (-1.75 - 0.86)
Time p:0.960 p:0.492
2.24(0.75-3.72) 3.35(0.53 - 6.17)
SIB Score p:0.004 p:0.022
Operative Time _ _ _ 0162 (0.072 - 0.25) 0.29 (010 - 0.48)
(min) p:0.001 p:0.004
. 1.08 (-3.86 - 6.03) -211(-10.82- 6.59)
Intraoperative USG D:0.665 0:0622
Outcomes
0.20 (0.09 - 0.30) 0.26 (012 - 04) 0.23 (0.05 - 0.41)
0 —_ —_
A ORPV (%) p:<0.001 p:<0.001 p:0.015
0.03 (-0.14 - 0.20) 0.05 (-0.19 - 0.28) -0.17 (-0.49 - 0.15)
0 — —_
A CRPV (%) p:0.739 p:0.685 p:0.293

Positive Margin

-10.61(-33.84 -12.62)
p:0.367

-7.68 (-41.86 - 26.49)
p:0.648
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women (14). However, our study’s regression analysis re-
vealed that the postoperative 2-year eGFR decline was
5.24% greater in women than in men. The absence of
a gender difference in factors affecting postoperative
1-year eGFR decline, with a difference emerging in the
second year, aligns to some extent with studies inves-
tigating gender-related eGFR decline in the absence of
surgical intervention. This discrepancy highlights the
absence of a clear consensus in the literature and sug-
gests that observed sex-related differences may reflect
temporal variability rather than a stable, sex-specific
pattern of renal functional decline.

DM and HT are well-established risk factors
of chronic and end-stage renal disease. Studies exam-
ining postoperative eGFR decline in patients with DM
and HT have reported debatable outcomes (15, 16). In
the literature, studies examining factors affecting RF
after PN have demonstrated that baseline RF and DM
are significant determinants. Specifically, DM has been
highlighted as an independent factor influencing func-
tional outcomes following surgery. These findings high-
light the importance of personalised patient manage-
ment strategies considering the long-term effects of DM
on RF (17, 18). In our study, patients with DM exhibited a
12.1% greater eGFR decline than those without DM. At
the same time, HT was not statistically significantly as-
sociated with RF decline or RPV loss.

Several volumetric analyses in the literature,
predominantly conducted in robot-assisted partial ne-
phrectomy cohorts, have emphasized the importance
of preserved renal parenchymal volume in determining
postoperative renal functional outcomes. These studies
have demonstrated that volumetric parameters provide
additional insight beyond traditional perioperative met-
rics. Although the majority of such data originate from
robotic series, the volumetric-functional associations
observed in our laparoscopic cohort appear to be direc-
tionally consistent with these reports. This suggests that
the relationship between parenchymal preservation and
renal function may be applicable across different mini-
mally invasive approaches, while remaining influenced
by technique-specific factors.

Complexity scores such as RENAL and PADUA
can predict postoperative RPV changes independently

Int Braz J Urol. 2026; 52(3): €202650665

of the surgical technique. Higher scores indicate great-
er surgical difficulty, making postoperative RF preser-
vation more challenging (6, 19, 20). In our study, higher
RENAL scores were associated with lower RPV preser-
vation as well.

Lee et al. compared the predictive capabilities
of the RENAL and PADUA scores with tumor contact
surface area in assessing RPV changes following PN.
They concluded that tumor contact surface area bet-
ter predicted postoperative RPV changes than these
scoring systems (21). Studies examining the relationship
between eGFR decline and tumor-to-parenchyma con-
tact surface area have found that patients with a smaller
contact surface area experienced less RF decline (22,
23). Our study's regression analysis of independent vari-
ables affecting eGFR decline revealed that each 1-unit
increase in tumor-to-parenchyma contact surface area
resulted in a 0.876% decrease in eGFR (p = 0.045).

Our findings suggest that regression analysis
showed that tumor-to-parenchyma contact surface area
did not have a statistically significant effect on ORPV
changes; however, its significant effect on eGFR decline
suggests that even if the RPV is preserved, increased
tumor contact surface area may lead to greater nephron
loss and perfusion impairment.

MAP score has been linked to functional and
oncological outcomes and is useful for predicting dif-
ficulties in tumor access and excision (24). However,
no studies have examined the relationship between
MAP score and postoperative ipsilateral RPV or eGFR
change. In our study, no significant association was
found between MAP score and eGFR or bilateral RPV
changes, possibly due to the high experience of the pri-
mary surgeon and the use of laparoscopic USG in com-
plex cases. In support of our findings, a study conducted
in our clinic found that using intraoperative laparoscopic
USG, specifically in patients with high MAP scores, sig-
nificantly improved trifecta success rates (25).

Systematic reviews analyzing the effects of WIT
on RF following PN have concluded that a limited WIT
(<25 minutes) does not negatively impact long-term RF
(26). Similar studies investigating different WIT suggest
that WIT alone is not the primary determinant of RF loss;
other factors play a role (4). Consequently, studies have
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proposed various cutoff values for WIT, such as 10, 17, or 30
minutes, highlighting the greater impact of non-modifiable
factors (e.g, age, DM, HT, BMI, tumor size, preoperative
eGFR) on long-term RF (27). Our study's median WIT was 14
minutes, which was not identified as a statistically sig-
nificant factor affecting RPV change or eGFR decline.
This likely reflects that the WIT values in our cohort re-
mained within the literature-defined safe range.

Studies comparing tumor enucleation and
standard PN (tumor resection along with a margin of
healthy parenchymal tissue) have reported that RF is
better preserved in the tumor enucleation group (28,
29). Additionally, in terms of preserved RPV, tumor enu-
cleation resulted in less parenchymal loss compared to
standard PN (30). In our study, the SIB score was identi-
fied as a significant predictor of RPV change. This may
be explained by the greater preservation of parenchy-
mal tissue in enucleation-based PN.

When the SIB score is low, renorrhaphy is
more likely to be performed in a relatively avascular
area, reducing the amount of healthy parenchyma af-
fected by suturing. This may be one of the factors
contributing to better RF preservation. One possible
explanation is that a larger tumor-parenchyma con-
tact surface area may predispose to localized or seg-
mental ischemic effects, which could impair renal
function even in the absence of substantial measur-
able parenchymal volume loss. In this context, func-
tional deterioration may occur despite preserved
renal volume, reflecting microvascular or regional
perfusion changes not captured by volumetric as-
sessment alone.

Beyond surgical technique-specific consider-
ations, preservation of renal function remains a central
objective in the management of small renal masses.
Minimally invasive alternatives such as thermal ablation
have been increasingly adopted in selected patients with
small renal masses, largely driven by their favorable re-
nal functional profile and the absence of ischemic insult.
Recent reports focusing on risk-adjusted outcomes after
radiofrequency ablation have demonstrated acceptable
oncological control with limited impact on renal func-
tion, underscoring the clinical relevance of parenchymal
preservation across different treatment modalities (31).

Int Braz J Urol. 2026; 52(3): €20250665

Operative duration is influenced by patient
factors, tumor complexity, surgical method, and the
surgeon's expertise. In LPN, these factors influence
operative time, leading to prolonged pneumoperito-
neum, which can have physiological consequences.
Factors contributing to longer operative time, such as
tumor complexity, may not only directly impact eGFR
and preserved RPV but also have indirect effects by
prolonging pneumoperitoneum duration (32). In the
present study, operative time emerged as a signifi-
cant factor associated with postoperative renal out-
comes. The reference to pneumoperitoneum should
therefore be interpreted as a potential explanatory
mechanism underlying prolonged operative duration,
rather than as an independently analyzed variable,
since the time spent with pneumoperitoneum was
not evaluated separately and no direct statistical as-
sociation was assessed.

Although the operative time in our study was
within a reasonable range according to the literature,
its effect on ORPV change was considered a conse-
qguence of these factors.

The limitations of this study include its ret-
rospective design and the single-centre, single-sur-
geon experience, which may restrict the generaliz-
ability and reproducibility of the findings. However,
the single-surgeon experience is also a strength, as
it contributes to standardising surgical techniques
and postoperative outcomes. Furthermore, volumet-
ric analysis was conducted by a single reader, but
minimised interobserver variability and enhanced
measurement consistency.

Moreover historically, three-dimensional renal
volumetry has been predominantly performed using
CT, due to its earlier availability and more widespread
clinical integration. Consequently, the majority of volu-
metric studies in the literature are based on CT data-
sets. Supplementary analysis demonstrated no statis-
tically significant differences in renal parenchymal or
tumor volume measurements between patients imaged
with CT versus MRI. This suggests that MRI-based seg-
mentation may serve as a reliable alternative to CT for
volumetric evaluation when standardized protocols are
applied. While these findings support the use of MRl in
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this context, larger comparative studies are warranted
to further validate its equivalence, particularly for ap-
plications involving perfusion or vascular modeling.

Despite these limitations, our study has nota-
ble strengths. Advanced three-dimensional volumetric
analyses were conducted using a standardised method-
ology, ensuring the precise assessment of RPV changes.
Furthermore, including long-term follow-up data reduc-
es the risk of selection bias, enabling a more compre-
hensive analysis of RF preservation.

CONCLUSIONS

Based on the findings of this retrospective, sin-
gle-center analysis, several clinical and surgical factors
appear to influence renal functional outcomes following
LPN. Determinants of RF change include patient age,
gender, comorbidity burden, tumor-to-parenchyma con-
tact surface area, and loss of ORPV. Renal volume loss
was associated with age, comorbidities, RENAL score,
operative time, and SIB score.

In selected cases, using the enucleation tech-
nique without compromising oncological and functional
outcomes is the most modifiable factor for preserving
healthy parenchymal volume. Long-term functional out-
comes should be carefully monitored in patients with
DM, given their potential risk for delayed renal function
deterioration.
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INTRODUCTION

Hormonal stimulation prior to surgical sperm retrieval in men with testicular non-obstructive azoospermia
(NOA) remains one of the most debated topics in reproductive urology (1). For some, it is an unproven intervention
bordering on myth; for others, its outcomes appear almost magical when sperm retrieval succeeds after years of fail-
ure. Yet, between these extremes lies medicine—rooted in physiology, supported by emerging evidence, and refined
through clinical experience. This Expert Opinion synthesizes pathophysiologic principles, contemporary clinical data,
and our cumulative institutional experience in managing men with NOA. We argue that hormonal stimulation—when
properly indicated and individualized—represents a biologically coherent and clinically meaningful medical strategy
rather than belief or chance.

PHYSIOLOGIC BASIS: THE TESTICULAR ENDOCRINE MILIEU AND MECHANISTIC
RATIONALE FOR HORMONAL MODULATION IN NOA

Spermatogenesis depends on tightly coordinated interactions between Leydig and Sertoli cells, driven re-
spectively by luteinizing hormone (LH)-mediated testosterone production and direct follicle-stimulating hormone
(FSH) stimulation (2-4). Intratesticular testosterone (ITT) concentrations are 50-100 times higher than serum levels
and are indispensable for meiosis, spermiogenesis, and Sertoli-cell metabolic support (5).

In men with NOA, this endocrine equilibrium is frequently disrupted, as illustrated by the increased incidence
of biochemical hypogonadism in this population (6). Although basal gonadotropin levels may be elevated, coordi-
nated pulsatility of gonadotropin-releasing hormone (GnRH) and downstream gonadotropins may be dysregulated or
insufficient to sustain optimal intratesticular endocrine dynamics (4, 7). The result is often a suboptimal microenviron-
ment within the seminiferous tubules, leading to arrested or incomplete germ-cell maturation.

The mechanistic rationale for hormonal modulation is illustrated in Figure-1. In the untreated NOA state,
elevated FSH often reflects impaired Sertoli-cell reserve, while reduced ITT compromises androgen receptor (AR)-
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Figure 1- Rationale and clinical framework for hormonal stimulation prior to sperm retrieval in non-obstructive
azoospermia.
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mediated transcriptional activity within Sertoli cells. Be-
cause the later stages of spermatogenesis—from sper-
matocytes to spermatids and mature spermatozoa—are
strongly androgen-dependent, insufficient ITT may criti-
cally limit progression through these stages.

Stabilization of ITT is central to preserving the
androgen-dominant intratubular environment required
for germ-cell survival and differentiation. Human chori-
onic gonadotropin (hCG) acts as an LH analogue and
directly stimulates Leydig-cell LH receptors, enhancing
ITT production beyond what may be achievable endog-
enously in men with Leydig-cell dysfunction or impaired
hypothalamic-pituitary signaling, thus restoring andro-
genic signaling within the seminiferous tubules (8, 9).

FSH, in turn, acts directly on Sertoli cells to sup-
port proliferative capacity, promote inhibin B secretion,
regulate tight-junction dynamics, and enhance andro-
gen-binding protein expression (8-10). Chronic exposure
to elevated endogenous FSH—common in NOA patients
with primary testicular failure—may induce Sertoli-cell
desensitization and downregulation of FSH signaling
pathways (11, 12). Experimental and clinical observations
suggest that transient suppression of chronically elevat-
ed endogenous FSH, followed by controlled re-stimula-
tion with exogenous FSH, may restore Sertoli-cell func-
tion, as reflected by increases in inhibin B and potential
improvement in spermatogenic activity (13).

When hCG stimulation is combined with exog-
enous FSH, Sertoli-cell stimulation may be enhanced,
potentially reactivating residual spermatogenic foci.
Improved AR activation promotes expression of para-
crine factors such as glial cell line-derived neurotrophic
factor (GDNF), fibroblast growth factor 9 (FGF9), bone
morphogenetic protein 4 (BMP4), NANOS2, and KIT li-
gand—key regulators of germ-cell maintenance and dif-
ferentiation. Accordingly, tailored gonadotropin stimula-
tion may optimize the seminiferous microenvironment
and facilitate germ-cell progression through mitotic and
meiotic stages. Importantly, FSH alone cannot sustain
spermatogenesis without adequate ITT; however, in
combination with hCG, it may synergistically enhance
Sertoli-cell responsiveness.

This mechanistic insight provides biological
plausibility for combined hCG-FSH stimulation even in

men with elevated baseline FSH levels, provided an FSH
reset is achieved after hCG administration and residu-
al Sertoli-cell function persists (14, 15). Taken together,
these observations establish a coherent physiologic
rationale: hormonal therapy in NOA does not create
spermatogenesis de novo but seeks to reactivate and
stabilize residual spermatogenic foci by reconstructing
an optimized Leydig-Sertoli endocrine milieu.

THERAPEUTIC STRATEGIES AND
DOSING CONSIDERATIONS

Given the heterogeneity of NOA and the ab-
sence of high-quality randomized trials, hormonal
stimulation dosing regimens vary among centers. Most
strategies are extrapolated from established protocols
used in hypogonadotropic hypogonadism. Typically,
hCG is administered at 1,000-3,000 IU subcutaneously
or intramuscularly two to three times weekly, with dose
titration guided by serum testosterone levels and clini-
cal response. When added, exogenous FSH—either re-
combinant or highly purified urinary-derived FSH—is
initiated at 75-150 IU two to three times weekly and
adjusted according to hormonal dynamics, including
inhibin B and FSH levels.

Therapy is generally maintained for three to six
months, spanning at least one complete spermatogenic
cycle before surgical sperm retrieval. Although largely
empirical, this approach remains biologically coherent,
aiming to stabilize ITT, enhance Sertoli-cell function,
and improve the probability that microdissection tes-
ticular sperm extraction (micro-TESE) will identify viable
spermatogenic foci.

HOW WE DO IT: AHORMONE-GUIDED
OPTIMIZATION PROTOCOL

At our center, we employ a structured,
physiology-driven protocol to maximize sperm retrieval
success in carefully selected NOA patients. Treatment
begins with recombinant hCG (80 ug = 2,080 IU)
administered twice weekly. Hormonal profiles—including
FSH, LH, testosterone, and estradiol—are assessed
every four weeks. Achieving and maintaining eugonadal
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Figure 2 - Gonadotropin-based treatment algorithm for men with non-obstructive azoospermia and
biochemical hypogonadism.
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for men with non-obstructive azoospermia and biochemical hypogonadism. t

© 2026 Androfert

Endocrine optimization protocol developed and utilized at the ANDROFERT Clinic prior to surgical sperm retrieval in men with non-obstructive
azoospermia (NOA) and biochemical hypogonadism (total testosterone <350 ng/dL). Treatment begins with recombinant human chorionic
gonadotropin (hCG), with dose titration to maintain serum testosterone within the eugonadal range (=350-900 ng/dL). Hormonal monitoring
is performed every four weeks. Recombinant FSH is added if serum FSH falls below 1.5 IU/L, and an aromatase inhibitor is introduced when
the testosterone-to-estradiol ratio is <10. Semen analysis is initiated after three months of therapy; sperm detected in the ejaculate should be
cryopreserved. Microdissection testicular sperm extraction (micro-TESE) is performed in cases of persistent azoospermia.
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testosterone serum levels (350-900 ng/dL) serves as a
pragmatic surrogate for adequate ITT (Figure-2).

If FSH levels decline below 1.5 IU/L during hCG
monotherapy—reflecting excessive suppression of en-
dogenous gonadotropins and potential under-stimula-
tion of Sertoli cells—recombinant FSH is introduced at
150 1U subcutaneously three times weekly. Anastrozole
(1 mg daily) is added when the testosterone (ng/dL)-to-
estradiol (pg/mL) ratio falls below 10 to prevent aroma-
tase-mediated androgen depletion.

Monthly endocrine monitoring is maintained.
Semen analysis begins after three months of therapy to
detect possible reappearance of sperm in the ejaculate
and is repeated on the day of planned sperm retrieval. In
cases of persistent azoospermia despite hormonal opti-
mization, which occurs in the vast majority of patients,
micro-TESE is performed due to its superior capacity to
identify isolated spermatogenic foci compared to con-
ventional TESE. This individualized approach empha-
sizes endocrine reconstruction as a means of improving
surgical outcomes.

FROM PHYSIOLOGY TO RESEARCH
PRIORITY

The importance of endocrine modulation in
male infertility has been underscored by the Fertility
and Sterility “Top Priorities for Male Infertility Research”
initiative, which explicitly asked whether endocrine
stimulation can improve sperm retrieval outcomes (1).
This question reflects growing recognition that testicu-
lar endocrine optimization may influence not only sper-
matogenic health but also sperm retrieval success and
downstream assisted reproductive outcomes.

The clearest precedent comes from hypogo-
nadotropic hypogonadism (HH), in which combined
hCG and FSH therapy can reliably restore spermato-
genesis and lead to natural conception (16-18). Although
HH represents a distinct pathophysiologic entity, it
demonstrates that appropriately targeted hormonal
replacement can reinitiate sperm production—even
after prolonged azoospermia (19). This precedent sup-
ports a biologically plausible hypothesis: if profound
gonadotropin deficiency is reversible, milder endocrine

dysfunctions frequently observed in NOA may also be
modifiable (18, 20). Moreover, hypogonadal NOA pa-
tients exhibit lower sperm retrieval rates than eugonadal
counterparts (6, 21), suggesting that intratesticular an-
drogen status may influence surgical success.

CLINICAL EVIDENCE

Meta-Analysis

In 2022, Tharakan et al. published a system-
atic review and meta-analysis evaluating preopera-
tive hormonal therapy in NOA (20). Pooled data from
10 controlled studies using various types of hormonal
stimulation (hCG, selective-estrogen receptor modula-
tors, aromatase inhibitors), including 1706 individuals,
demonstrated a significant and clinically meaningful in-
crease in sperm retrieval rates among hormonally treat-
ed men (odds ratio [OR]: 1.96, 95% confidence interval
[CI]: 1.08-3.56, p=0.03), particularly in those with base-
line FSH <12 IU/L (five studies, OR 2.13, 95% CI: 110-4.14,
p=0.02). Despite heterogeneity across regimens and
study designs, the overall signal suggested that endo-
crine optimization may benefit selected patients with
residual testicular function.

Pilot Gonadotropin Study

In collaboration with Danish colleagues, we
conducted a pilot study involving NOA patients with
prior failed testicular sperm aspiration (TESA) (14).
Following combined hCG + FSH therapy, 4 of 8 men
achieved viable sperm suitable for assisted conception,
including two with sperm in the ejaculate and two with
successful repeat TESA procedures, resulting in four
live births via ICSI. Although small, this clinical signal
supports the concept that endocrine modulation can
convert prior failure into success in selected cases.

Contemporary Systematic Review

Our 2023 systematic review encompassing
nearly 4,000 patients demonstrated a 6% absolute in-
crease in sperm retrieval success with hormonal ther-
apy, corresponding to a number needed to treat of 17
(95% CI10.5 to 39.3) (9). Additionally, approximately 6%
of men developed sperm in the ejaculate. These findings
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highlight both promise and heterogeneity, reinforcing
the need for structured phenotyping frameworks such
as APHRODITE (22).

The controlled studies evaluating gonadotro-
pin-based hormonal therapy prior to surgical sperm
retrieval in NOA are summarized in Table-1. These
investigations span more than two decades and in-
clude heterogeneous patient populations (normogo-
nadotropic and hypergonadotropic phenotypes, men
with prior failed TESE, and selected subgroups such
as Klinefelter syndrome), diverse stimulation regimens
(hCG alone, hCG combined with FSH or hMG, highly
purified FSH, and mixed gonadotropin protocols),
and variable treatment durations ranging from 2 to 9
months (7, 15, 23-30).

Despite methodological variability and the pre-
dominance of retrospective designs, several studies re-
port higher sperm retrieval rates in hormonally treated
men compared with untreated controls, particularly in
selected endocrine phenotypes (7, 23-25, 28, 30). Some
cohorts also demonstrate downstream reproductive
benefits, including improved clinical pregnancy rates
(24, 25), while others show neutral findings, especially
in more severely hypergonadotropic populations or
syndromic cases such as Klinefelter syndrome (27, 29).

Importantly, adverse events were generally
mild and infrequent across studies. Collectively, these
data suggest the existence of a biological signal sup-
porting endocrine optimization in selected NOA pa-
tients, while simultaneously underscoring the need for
prospective, phenotype-stratified randomized trials.

APHRODITE-BASED STRATIFICATION AND
CLINICAL INSIGHTS

To address the heterogeneity of endocrine
phenotypes in male infertility, the APHRODITE crite-
ria were recently introduced as a physiology-driven
framework to classify men with altered testicular func-
tion based on clinical characteristics, semen analysis
results, gonadotropin dynamics and testosterone sta-
tus (22). This new framework can be adopted to clas-
sify NOA men into clinically meaningful distinct endo-
crine phenotypes.

When applied to NOA men, the framework distin-
guishes patients with:

Group 2: FSH and testosterone levels within
normal ranges (primary spermatogenic dysfunction
without biochemical hypogonadism, typically seen in
cases exhibiting maturation arrest on histopathology);

Group 3: FSH levels within normal ranges as-
sociated with biochemical hypogonadism (suggest-
ing insufficient Leydig-cell activity despite preserved
Sertoli-cell signaling);

Group 4: Elevated FSH with biochemical hypo-
gonadism or compensated testosterone levels (com-
bined Sertoli and Leydig dysfunction, representing more
advanced testicular failure).

Collectively, men with NOA may span APHRO-
DITE groups 2, 3, and 4, reflecting the biological diver-
sity underlying this diagnosis. This heterogeneity may
partly explain why hormonal stimulation yields variable
clinical results across studies.

In our cohort of more than 600 NOA patients with
biochemical hypogonadism, hormonal stimulation with
exogenous gonadotropins—using the protocol depicted
in Figure-2—significantly improved endocrine param-
eters and sperm retrieval rates (15). Approximately 80% of
treated individuals reached an ‘eugonadal’ state (total tes-
tosterone levels >350 ng/dL) after hormonal stimulation.
Treatment also promoted an FSH reset in most individu-
als. Pre-micro-TESE FSH levels were significantly lower
(4.0 IU/L; 95% CI: 2.9-7.6) in patients with positive micro-
TESE outcomes than those with failed retrievals (8.1; ClI:
5.4-15.0; p<0.0001), supporting the idea that hCG may im-
prove Sertoli cell function by counteracting FSH receptor
desensitization. Importantly, sperm retrieval rates reached
62.5% in treated men versus 51.4% in untreated controls
(p=0.006), with hormonal therapy emerging as an inde-
pendent predictor of micro-TESE success (adjusted OR:
2.54; 95% Cl: 1.64-3.93; p<0.0001) (15). When stratified
according to APHRODITE, treatment benefit was not uni-
form. Patients classified as Group 3 (baseline FSH levels
<12 IU/L with biochemical hypogonadism) demonstrated
superior outcomes (67.9% vs. 50.1%; adjusted OR 3.20,
95% Cl 1.59-6.44, p=0.001) compared to Group 4 (elevated
FSH with biochemical hypogonadism) (581% vs. 51.9%;
adjusted OR 1.46, 95% Cl 0.74-2.88, p=0.27).
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Table 1 - Characteristics and key outcomes of controlled studies primarily evaluating gonadotropin-based
hormonal therapy before sperm retrieval in non-obstructive azoospermic men.

Study / Country / Design [ref.] Population & Intervention & Control & Sperm Key Outcomes Adverse Events
Key Hormonal Duration Retrieval Method  (intervention vs.
Profile control)
Aydos, et al. 2003 n=108 hpFSH 75 IU 3x/ Yes; SR 64% vs 33% NR
(Turkey) NG wk; CTESE
RC 3 mo n=45
(23) n=63
Shiraishi, et al. 2012 (Japan) n=48; NG+HGH; uhCG 5000 IU 3x/ Yes; SR 21.4% vs 0% Acne 10.7%;
RC failed TESE wk + rFSH; mTESE (p<0.05) Gynecomastia 71%
(7) 3-6 mo n=20
n=28
Hussein, et al. 2013 (Turkey) n=612; NG/HG; CC-based Yes; SR ~11% vs 0%; None
RC TT <300 in 140 regimens = hCG/ mTESE CPR ~57% vs
(24) hMG; n=116 33.6%
3-9mo
n=496
Cocci, et al. 2018 n=50; hpFSH 150 1U 3x/ Yes; SR 40% vs 28% NR
(Italy) NG wk; CTESE (p<0.05)
PC 3mo n=25 CPR: 28% vs 15%
(25) n=25 (p<0.05)
Hu, et al. 2018 (China) n=35; HG; HYPO; Goserelin > + hCG Yes; SR 8% vs 0% 40% transient
RC failed TESE + hMG; cTESE sexual AEs
(26) 6 mo n=10
n=25
Amer, et al. 2019 (Egypt) n=1395; HG Mixed regimens; Yes; SR 27.7% vs 34.3% NR
RC 3-9mo mTESE (NS)
(27) n=426 n=969
Amer, et al. 2020 (Egypt) n=40; HG; Testosterone > + Yes; SR 10% vs 0% NR
PC failed mTESE hCG + FSH; mTESE
(28) 4 mo n=20
n=20
Guo, et al. 2020 (China) n=184; HG; KS uhCG 2000 IU Yes; SR 43.3% vs 44%); NR
RC Q2D; mTESE LBR similar
(29) 3 mo n=50
n=134
Peng, et al. 2022 (China) n=569; HG hCG 2000 IU Q2D Yes; SR 31.2% vs 19.5% NR
RC + UFSH; mTESE (p=0.006)
(30) 2-3mo n=174
n=395
Esteves & Achermann 2024 n=616; TT <350; rhCG 2080 IU 2x/ Yes; SR 62.5% vs 51.4% Mild injection
(Brazil) NG & HG wk + FSH + Al; mTESE (p=0.005) reactions (10.3%)
RC 3-8 mo n=325
(15) n=291

Al: aromatase inhibitor; CC: clomiphene citrate; CPR: clinical pregnancy rate; cTESE: conventional testicular sperm extraction; FSH: follicle-
stimulating hormone; hCG: human chorionic gonadotropin; HG: hypergonadotropic; hMG: human menopausal gonadotropin; hpFSH: highly
purified human-derived follicle-stimulating hormone; IU: international units; KS: Klinefelter syndrome; LBR: live birth rate; mo: month[s]; mTESE:
microdissection testicular sperm extraction; NG: normogonadotropic; NR: not reported; NS: non-significant; PC: prospective; RC: retrospective;
rFSH: recombinant follicle-stimulating hormone; rhCG: recombinant human chorionic gonadotropin; SR: sperm retrieval; TT: total testosterone;

uhCG: urinary human chorionic gonadotropin; wk: week[s].
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This distinction is physiologically intuitive. Group
3 patients likely retain relatively preserved Sertoli-cell
reserve, as reflected by normal FSH levels, while exhib-
iting potentially reversible Leydig-cell insufficiency. In
contrast, Group 4 patients exhibit combined Sertoli and
Leydig dysfunction, suggesting more advanced testicular
impairment and reduced capacity for endocrine rescue.
These findings reinforce a central message: hormonal
stimulation should not be applied indiscriminately in
NOA. Instead, endocrine phenotyping—such as that pro-
vided by the APHRODITE framework—may help identify
men with residual functional reserve who are most likely
to benefit from preoperative hormonal optimization.

PHARMACOGENOMICS AND DIFFEREN-
TIAL RESPONSE TO GONADOTROPIN
THERAPY

Inter-individual variability in response to hor-
monal stimulation may partly reflect genetic differ-
ences in gonadotropin signaling pathways. Functional
polymorphisms in the FSH B-subunit gene (FSHB), par-
ticularly the —211 G>T promoter variant, are associated
with reduced transcriptional activity and lower circulat-
ing FSH levels (31). Enrichment of this variant has been
reported among infertile men, including azoospermic
cohorts (32). Carriers may exhibit impaired endogenous
FSH signaling despite apparently normal serum levels,
potentially rendering them more responsive to exog-
enous FSH supplementation than to tablets such as
selective estrogen receptor modulators and aromatase
inhibitors.

Similarly, common FSH receptor (FSHR) poly-
morphisms—such as Asn680Ser and Thr307Ala—have
been linked to differences in receptor sensitivity and
intracellular signaling efficiency (33). Although data in
male infertility remain heterogeneous, these variants
may influence Sertoli-cell responsiveness to both en-
dogenous and exogenous FSH.

These genetic insights offer a biologically plau-
sible explanation for heterogeneous treatment respons-
es. While routine genotyping is not currently standard

practice, pharmacogenetic stratification represents a
logical extension of precision andrology and warrants
evaluation within prospective, APHRODITE-based clini-
cal trials, particularly in NOA males.

FROM MYTH TO MEDICINE

When viewed collectively, physiologic rationale,
meta-analytic data, and contemporary clinical evidence
converge on a consistent conclusion: hormonal stimula-
tion before sperm retrieval in NOA is neither myth nor
magic—it is medicine. Its benefits are not universal, and
patient selection remains essential. However, dismiss-
ing endocrine optimization outright ignores both biol-
ogy and accumulating clinical data. The future lies not
in debating whether hormones should be used, but in
identifying which patients are most likely to benefit.

FUTURE DIRECTIONS

Future investigations should:
Conduct prospective multicenter random-
ized trials with live birth as the primary end-
point
Integrate biomarkers of testicular reserve
and endocrine responsiveness
Incorporate pharmacogenetic stratification
Standardize treatment response definitions
Evaluate cost-effectiveness relative to im-
mediate surgical intervention

CONCLUSIONS

The journey of hormonal stimulation in NOA has
evolved from skepticism to scientific plausibility. With
advancing physiologic insight and growing clinical evi-
dence, endocrine optimization should be regarded as a
targeted medical strategy rather than conjecture. In se-
lected men—particularly those with biochemical hypogo-
nadism or low-normal FSH—reconstructing the testicular
endocrine milieu may meaningfully improve sperm re-
trieval outcomes and expand reproductive opportunities.
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NOTE FROM THE AUTHORS

‘Is hormonal stimulation before sperm retrieval
in NOA a myth? Clearly not — physiology explains it, and
evidence supports it. Is it magic? Perhaps only in the joy
of witnessing a patient once deemed hopeless achieve
fatherhood. Above all, it is medicine — applied with logic,
personalization, and purpose. The future does not lie in
debating whether hormones should be used, but in un-
derstanding who will truly benefit!
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COMMENT

IRobotic surgery has revolutionized the surgical treatment of prostate cancer, resulting in better outcomes
and faster recovery (1-4). One of the most important aspects for the technical refinement of this surgical procedure
is knowledge of pelvic anatomy. In tis paper of Sakthivel and collegues (5) we can observe the importance of the
anatomy specially in large prostates. The authors described the maximal anatomic bladder neck preservation at the
prostatic origin (MANO) technique, designed to enable safe circumferential dissection at the true bladder neck origin
irrespective of gland size and concluded that larger prostates were associated with older age and higher preopera-
tive, mean operative time increased with gland size and hospital stay was longer for > 50 cc prostates. The authros
shows that the MANO technique enables safe bladder neck preservation across all prostate sizes. Despite increased
operative complexity in larger glands, functional and oncological outcomes remain equivalent. This approach may
standardize bladder neck management in RALP and support improved continence recovery irrespective of prostate
volume. We congratulate the authors for the interesting paper.
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The Start of a Robotic Kidney Transplant Program:
Institutional Step-by-Step Technique
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ABSTRACT

Purpose: To report our institutional technique for robot-assisted kidney transplantation (RAKT) (1, 2) in a detailed, step-by-step
manner.

Materials and methods: This is a case of RAKT from a living donor successfully performed at our institution. A 29-year-old male
with end-stage renal disease secondary to focal segmental glomerulosclerosis, undergoing hemodialysis with a baseline serum
creatinine of 1035 umol/L at admission, received a left kidney donated by his 55-year-old mother. Preoperative evaluation con-
firmed one HLA mismatch (0-0-1) and ABO compatibility, making the patient suitable for living donation.

Results: The procedure was performed using the da Vinci Xi robotic system (Intuitive, Sunnyvale, CA, USA). The re-
cipient was placed in a 23° Trendelenburg position. Four robotic ports were aligned above the umbilicus, and two ad-
ditional ports were used for the assistant. Graft introduction was performed via a 7-cm Pfannenstiel incision using
an Alexis O Wound Protector-Retractor with Laparoscopic Cap (Applied Medical, Rancho Santa Margarita, CA, USA).
Followingroboticlivingdonornephrectomy,extracorporealbenchpreparationwasperformed(warmischemiatime=4min;coldisch-
emiatime =239 min).RAKT wasthen completed withintracorporeal vasculares anastomoses using 5-0 Gore-Tex sutures (warmisch-
emiatime=45min),andureteralreimplantationaccordingtotheLich-Gregoiretechnique, performedwith4/0monofilamentsuture(3).
The surgery was uneventful, with excellent graft reperfusion and no perioperative complications. Postoperative renal Doppler
ultrasound and radionuclide renal scan were normal. Serum creatinine and eGFR at discharge were 1.45 mg/dL and 62 mL/min,
respectively (4).

Conclusions: Our experience confirms the feasibility and safety of RAKT with a living donor in a selected setting, supporting
further integration of robotic assistance into renal transplantation programs.
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Robotic-Assisted Laparoscopic Buccal Mucosal Graft
Ureteroplasty and Ureteral Reimplantation for Repair
of Complex Ureteral Strictures Using the Modular
Carina™ System
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Xuesong Li 23

"Department of Urology, Peking University First Hospital, Beijing, China; 2 Institution of Urology, Peking University, Beijing,
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ABSTRACT

Purpose: Multifocal ureteral strictures pose significant challenges for reconstructive surgery due to their segmental distribution
and the need to preserve the ureteral blood supply (1, 2). Robotic-assisted surgery, owing to its precision and minimally invasive
advantages, has increasingly become a preferred approach (3). Although the da Vinci surgical system has long dominated this
field, several novel robotic platforms have recently emerged with comparable safety and efficacy (4, 5). This study reports our
experience with robotic-assisted laparoscopic buccal mucosal graft ureteroplasty combined with ureteral reimplantation for
complex ureteral stricture repair using the modular Carina™ robotic surgical system.

Materials and Methods: A 32-year-old man presented with a one-month history of flank pain and was found to have both proxi-
mal and distal ureteral strictures. Using the modular Carina™ robotic system, the procedure was performed as follows: dissection
of the proximal stricture, longitudinal ureterotomy, posterior augmented anastomosis, harvesting of buccal mucosa for ventral
onlay grafting; followed by dissection of the distal ureteral stricture and bladder wall and completion of a side-to-side uretero-
vesical anastomosis.

Results: The procedure was completed successfully without conversion, with a total operative time of 272 minutes. The pa-
tient was discharged on postoperative day 7. Histopathological examination revealed granulomatous inflammation, and anti-
tuberculosis therapy was initiated. The double-J stent and nephrostomy tube were removed 2 months postoperatively. During
an 8-month follow-up, the patient’s symptoms resolved, imaging demonstrated improvement of hydronephrosis, renal function
remained stable, and no postoperative complications were observed.

Conclusions: Robotic-assisted reconstructive surgery for complex ureteral strictures using the modular Carina™ robotic system
is technically feasible. However, larger studies with longer follow-up are required to validate these preliminary findings.
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Ultrasound (HIFU) Therapy
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ABSTRACT

Introduction: Focal therapy with high-intensity focused ultrasound (HIFU) has emerged as a treatment option for selected
patients with localized prostate cancer; however, disease recurrence requiring salvage intervention remains a recognized chal-
lenge (1-5). Salvage radical prostatectomy is technically demanding due to post-ablative tissue changes, which may compro-
mise oncologic and functional outcomes (6,7). Herein, we describe the surgical technique and clinical outcomes of salvage
robotic-assisted radical prostatectomy (RARP) performed using a single-port (SP) transvesical approach following HIFU.
Materials and Methods: The index case was a 57-year-old man with a history of right hemigland HIFU for ISUP Grade Group 2
prostate cancer. During routine surveillance four years after HIFU, his PSA rose to 3.64 ng/mL, prompting repeat biopsy. Biopsy
confirmed clinically significant recurrent prostate cancer both within and outside the prior treatment field, with bilateral involve-
ment. Preoperatively, the patient reported satisfactory erectile function, with a Sexual Health Inventory for Men (SHIM) score
of 25/25. After informed consent, salvage transvesical SP-RARP was performed. Dissection was carried out with anticipation of
post-ablation tissue changes, and bilateral nerve-sparing was incorporated to optimize functional outcomes.

Results: The procedure was completed in 82 minutes without placement of additional ports and without intraoperative com-
plications. Estimated blood loss was 75 mL. The patient was discharged home the same day (4.3 hours postoperatively). Foley
catheter removal on postoperative day 6 was followed by immediate urinary continence. Erectile function remained satisfactory
at 3 months, indicating preservation of baseline functional outcomes. Final pathology demonstrated pT3b ISUP Grade Group 2
prostate cancer with evidence of prior ablation and negative surgical margins. At the most recent follow-up (12 months), PSA
remained undetectable, with no biochemical recurrence.

Conclusion: Transvesical SP-RARP appears to be a safe and effective salvage option following focal ablative therapy for prostate
cancer. Leveraging the advantages of single-port robotic technology (8,9), this approach may facilitate outpatient surgery while
maintaining favorable functional and oncologic outcomes.
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