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Abstract: Recurrent varicocele is a common urological disorder that negatively affects male
reproductive function and fertility. It develops after previous surgical or minimally invasive
interventions, resulting in persistent venous reflux, testicular hypoxia, and oxidative stress,
which collectively impair spermatogenesis. Accurate diagnosis through clinical examination,
Doppler ultrasonography, and advanced imaging modalities is essential for identifying
recurrence and guiding treatment. Management strategies should be based on pathogenetic
principles, incorporating microsurgical, endovascular, and conservative approaches tailored to
patient anatomy, prior interventions, and fertility goals. Surgical precision, prevention of venous
stasis, and postoperative monitoring are crucial for reducing recurrence rates. Adjunctive
pharmacological therapies, including antioxidants and lifestyle modifications, support testicular
function and enhance reproductive outcomes. This review highlights the pathophysiological
mechanisms underlying recurrence, evaluates current treatment options, and emphasizes
evidence-based strategies to preserve testicular function and improve quality of life in affected
men.
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Introduction

Varicocele is a pathological dilation of the testicular veins associated with venous reflux,
representing one of the most common disorders of the male reproductive system.
Epidemiological studies indicate that varicocele affects approximately 15-20% of the male
population and can negatively impact spermatogenesis due to impaired venous blood flow.
Recurrent varicocele refers to the reappearance of clinical symptoms following previous surgical
or minimally invasive treatment, presenting both clinical and psychological challenges for
patients. The main factors contributing to varicocele recurrence include deficiencies in the
venous valve system, pathological structures of collateral veins, limitations of previously
performed surgical techniques, and, in some cases, anatomical variations. From a pathogenetic
perspective, recurrent varicocele is characterized by disrupted blood circulation and prolonged
venous stasis, leading to testicular hypoxia, oxidative stress, and impaired function of testicular
cells. Furthermore, preserving reproductive potential and testicular function in patients with
recurrent varicocele requires modern therapeutic approaches based on anatomical and
pathophysiological mechanisms, including surgical, endovascular, and conservative methods.
Prevention and early detection of recurrence are also closely linked to pathogenetically grounded
comprehensive interventions. This article analyzes the mechanisms of recurrent varicocele
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development, its clinical significance, and therapeutic strategies based on pathogenetic principles,
providing evidence-based recommendations for management.

Relevance

Varicocele is a common urological disorder among men that can lead to impaired
reproductive function, reduced sperm quality, and in some cases, infertility. Recurrent varicocele,
which develops after previous surgical or minimally invasive interventions, poses additional
challenges for patients, negatively affecting their quality of life and requiring new therapeutic
approaches. Therefore, studying recurrent varicocele, understanding its pathogenetic
mechanisms, and developing effective treatment strategies is both scientifically and clinically
important. Modern medicine emphasizes the preservation of testicular function and the
restoration of reproductive potential, as well as improving patients’ psychological well-being,
making pathogenetically guided approaches to recurrent varicocele highly relevant.

Objective

The main objective of this article is to analyze the mechanisms and pathogenetic basis of
recurrent varicocele development, assess its clinical consequences, and review contemporary
surgical, endovascular, and conservative treatment methods. Additionally, the study aims to
identify strategies for preventing recurrence and preserving patients’ reproductive health,
providing evidence-based recommendations for clinical practice.

Main part

Recurrent varicocele is a widespread urological condition affecting a significant proportion
of men, especially those in reproductive age. Epidemiological studies suggest that varicocele
occurs in approximately 15-20% of the male population, while recurrence rates after surgery
range between 5% and 15% depending on the technique employed. Clinically, recurrent
varicocele can present with testicular pain, heaviness, or atrophy, as well as impaired semen
parameters, including oligospermia and asthenospermia. The recurrence often imposes a
psychological burden on patients due to concerns about fertility and overall reproductive
potential. Early detection of recurrence is challenging, as mild cases may be asymptomatic but
still negatively impact spermatogenesis. Ultrasonography with Doppler evaluation is considered
the gold standard for diagnosis, allowing for the assessment of venous reflux and testicular
volume. Physical examination alone may underestimate the prevalence of recurrence,
particularly in cases with subclinical varicoceles. Identifying high-risk groups, such as patients
with complex venous anatomy or those with prior inadequate surgical correction, is crucial for
prevention and timely management. Understanding the epidemiological and clinical aspects
forms the basis for designing effective pathogenetically driven treatment strategies.
Comprehensive knowledge of recurrence patterns enables clinicians to tailor therapeutic
interventions to individual patient profiles. Moreover, understanding epidemiology aids in
resource allocation for urological services and reproductive health programs. Studies indicate
that bilateral recurrence may occur, though unilateral left-sided varicocele remains most
common. Long-term follow-up is essential to detect late recurrences, which may appear years
after initial surgery. Overall, epidemiological insight combined with clinical evaluation provides
the foundation for evidence-based management of recurrent varicocele. Effective patient
counseling relies on an understanding of the natural history and potential complications of
untreated recurrence. Proper documentation of clinical outcomes helps refine surgical techniques
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and improve success rates. Hence, studying the epidemiology and clinical significance of
recurrent varicocele is fundamental to advancing both research and clinical practice.

Recurrent varicocele develops as a result of complex pathophysiological processes
involving venous valve insufficiency, collateral venous pathways, and abnormal venous anatomy.
Venous stasis leads to increased hydrostatic pressure in the pampiniform plexus, contributing to
testicular hypoxia and oxidative stress. Hypoxia triggers the generation of reactive oxygen
species, which can damage sperm DNA and impair spermatogenesis. In addition, impaired
venous drainage results in elevated scrotal temperature, further compromising testicular function.
Pathogenetically, chronic venous congestion may lead to interstitial fibrosis and Leydig cell
dysfunction, affecting testosterone synthesis. Anatomical variations, such as multiple spermatic
veins or retroperitoneal collaterals, increase the risk of recurrence if inadequately addressed
during initial surgery. Hormonal alterations, including elevated gonadotropins and reduced
intratesticular testosterone, have been reported in recurrent cases. Microcirculatory changes in
the testicular parenchyma exacerbate oxidative damage and impair nutrient delivery. Endothelial
dysfunction within the testicular veins may contribute to persistent reflux and recurrence.
Understanding these mechanisms is critical for designing targeted interventions aimed at
restoring normal venous flow. Experimental studies have demonstrated that oxidative stress
markers correlate with the severity of venous reflux and testicular damage. Preoperative
identification of high-risk anatomical features through imaging can reduce recurrence rates.
Pathophysiological insights also inform postoperative monitoring and early intervention
strategies. Novel pharmacological approaches aimed at reducing oxidative stress are being
investigated as adjuncts to surgical management. Overall, a comprehensive understanding of
venous stasis and its systemic consequences underpins the pathogenetic rationale for treatment.
By addressing both mechanical and biochemical factors, clinicians can improve long-term
outcomes for patients with recurrent varicocele. The interplay between venous anatomy, reflux
dynamics, and testicular physiology forms the core of modern pathogenetic management
strategies. Recognizing these processes emphasizes the importance of precision in both surgical
technique and postoperative care.

Accurate diagnosis of recurrent varicocele is essential for effective management and relies
on a combination of clinical examination and advanced imaging modalities. Physical
examination remains the first-line assessment, including palpation in standing and supine
positions to detect dilated veins. However, subclinical recurrences often require color Doppler
ultrasonography for confirmation. Doppler studies evaluate the presence of venous reflux, peak
retrograde flow, and vein diameter, providing quantitative data for clinical decision-making.
Grading systems, such as the Dubin and Amelar classification, are commonly employed to
standardize clinical and imaging findings. Recurrent varicocele can be classified as subclinical,
clinical grade I-III, or bilateral based on anatomical and hemodynamic parameters. Scrotal
thermography and venography may serve as adjunctive tools in complex or ambiguous cases.
Non-invasive methods allow monitoring of postoperative patients to detect early recurrence
before clinical symptoms manifest. MRI and CT venography are reserved for atypical anatomy
or multiple recurrences where standard imaging is insufficient. Understanding the type and
severity of recurrence guides the selection of therapeutic approach, whether surgical,
endovascular, or combined. Accurate diagnostic assessment also helps predict the potential
improvement in semen parameters and testicular function post-treatment. Standardized protocols
reduce interobserver variability and improve outcome comparisons across studies. Timely
diagnosis minimizes progression of testicular damage and preserves fertility potential. Ultimately,
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a systematic diagnostic approach combining clinical, imaging, and functional assessment forms
the foundation for evidence-based management of recurrent varicocele. Continuous refinement
of imaging techniques enhances early detection, guides individualized therapy, and contributes to
improved long-term outcomes.

Surgical intervention remains the primary treatment for recurrent varicocele, aiming to
ligate or embolize incompetent veins while preserving testicular arterial supply and lymphatic
drainage. Open inguinal, subinguinal, and retroperitoneal approaches are commonly employed,
each with specific advantages and limitations. Microsurgical subinguinal varicocelectomy has
demonstrated lower recurrence rates due to superior visualization of veins and preservation of
arteries. Laparoscopic and robotic-assisted techniques offer minimally invasive alternatives with
reduced postoperative pain and faster recovery. Embolization and sclerotherapy serve as
effective endovascular options, particularly for patients with prior multiple surgeries. The choice
of technique depends on anatomical considerations, prior interventions, and surgeon expertise.
Clinical studies indicate that recurrence rates vary according to technique, with microsurgical
methods achieving the lowest rates. Complications, such as hydrocele formation, testicular
atrophy, or nerve injury, are minimized by meticulous surgical technique and intraoperative
identification of structures. Postoperative monitoring with Doppler ultrasonography ensures
early detection of residual or recurrent reflux. The timing of surgery is crucial, particularly in
adolescents, to prevent long-term testicular damage. Patient selection and preoperative
counseling enhance adherence and satisfaction with treatment outcomes. Comparative studies
highlight that combination approaches, integrating microsurgery with endovascular embolization,
may be beneficial in complex recurrences. Adequate hemostasis and careful ligation of collateral
veins reduce recurrence risk. Surgical success is measured not only by anatomical correction but
also by improvement in semen parameters and fertility potential. Training and experience of the
surgical team are critical for minimizing technical failures. Evidence-based guidelines
recommend individualized treatment planning based on the patient’s age, fertility goals, and
prior surgical history. Long-term follow-up is essential to assess functional outcomes and
prevent late recurrence. Ultimately, surgical management remains the cornerstone of recurrent
varicocele treatment, guided by pathophysiological understanding and tailored to patient-specific
factors.

Endovascular techniques, including percutaneous embolization and sclerotherapy, offer
minimally invasive alternatives for recurrent varicocele, especially in patients with complex
anatomy or prior surgery. These procedures involve catheterization of the internal spermatic vein
and injection of embolic agents to occlude incompetent veins, thereby preventing reflux.
Embolization can be performed using coils, sclerosants, or a combination, with procedural
success rates ranging from 85% to 95%. Minimal invasiveness reduces postoperative pain,
shortens recovery time, and minimizes scarring compared to open surgery. Imaging guidance,
such as fluoroscopy or digital subtraction angiography, is essential for precise navigation and
effective vein occlusion. Endovascular approaches are particularly advantageous in cases of
multiple collaterals or inaccessible veins due to previous interventions. Recurrence rates after
embolization are comparable to microsurgical techniques in selected patients. Complications are
generally minor, including local hematoma, coil migration, or transient pain. Patient selection is
critical, as anatomical variations or occluded veins may limit access. Follow-up Doppler
ultrasonography evaluates procedural success and ensures the absence of persistent reflux.
Endovascular procedures can be repeated if necessary without significant additional risk. They
also allow bilateral treatment in a single session, which is beneficial in patients with bilateral
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recurrence. Combining endovascular techniques with microsurgical ligation may optimize
outcomes in challenging cases. Pre-procedural counseling includes discussion of fertility
outcomes and potential complications. Training and experience of interventional radiologists
impact technical success. Advances in embolic materials and imaging modalities continue to
improve safety and efficacy. Overall, endovascular therapy represents an essential component of
modern, pathogenetically guided management of recurrent varicocele. Integration with
conventional surgical strategies enhances treatment flexibility and patient-specific customization.
Evidence supports its inclusion in comprehensive care plans for men with recurrent varicocele,
particularly when conventional surgery is challenging or contraindicated.

Although surgical and endovascular interventions remain the mainstay of treatment,
conservative and pharmacological approaches play an adjunctive role in recurrent varicocele
management. Pharmacological strategies aim to mitigate oxidative stress, improve
microcirculation, and support testicular function. Antioxidants, such as vitamin C, vitamin E, and
coenzyme Q10, have been shown to reduce reactive oxygen species and improve sperm quality.
Anti-inflammatory agents may help alleviate testicular discomfort associated with venous
congestion. Conservative measures, including scrotal support, avoidance of prolonged standing,
and lifestyle modifications, may reduce symptom severity. Pharmacological therapy is typically
considered in patients with mild recurrence or those who are not surgical candidates. Evidence
suggests that combination therapy with antioxidants and surgical or endovascular intervention
may enhance outcomes. Regular monitoring of semen parameters and hormonal profiles guides
therapy efficacy. Patient education regarding the progressive nature of recurrent varicocele is
essential for adherence to conservative measures. Nutritional support and management of
comorbidities, such as obesity or metabolic syndrome, can indirectly improve venous health.
Emerging pharmacological agents targeting endothelial function and venous tone are under
investigation. Conservative management alone rarely resolves anatomical recurrence but can
stabilize testicular function and delay progression. Personalized therapy plans based on severity,
fertility goals, and comorbid conditions optimize patient outcomes. Understanding the
pathogenetic basis of varicocele recurrence allows for targeted adjunctive therapy. Integration of
conservative approaches into multidisciplinary care supports overall reproductive health. Clinical
guidelines recommend adjunctive pharmacotherapy as part of comprehensive, evidence-based
management. Long-term follow-up ensures timely escalation to surgical or endovascular options
if required. Ultimately, conservative and pharmacological measures complement invasive
interventions, aiming to preserve testicular function and enhance quality of life for patients with
recurrent varicocele.

Preventing recurrent varicocele is critical to maintaining long-term testicular function and
reproductive potential. Surgical precision, including meticulous identification and ligation of all
incompetent veins, is paramount in reducing recurrence. Preoperative imaging allows mapping
of collateral veins and assessment of anatomical variations to guide operative planning.
Microsurgical techniques, with magnification and careful preservation of arteries and lymphatics,
significantly reduce recurrence rates and postoperative complications. Endovascular strategies
can be employed prophylactically in high-risk patients or complex anatomies. Standardized
postoperative protocols, including early Doppler ultrasonography, enable detection of residual
reflux and timely intervention. Patient education on activity restrictions and scrotal support
enhances recovery and reduces recurrence risk. Long-term follow-up is essential, as late
recurrences may occur years after initial intervention. Documentation of outcomes informs
refinements in surgical technique and helps establish best practice guidelines. Multidisciplinary
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collaboration among urologists, interventional radiologists, and reproductive specialists ensures
comprehensive care. Identification of high-risk groups, such as adolescents or patients with
bilateral varicocele, guides preventive strategies. Lifestyle modifications, including weight
management and avoidance of prolonged standing, may contribute to venous health. Regular
assessment of semen parameters and hormonal function postoperatively evaluates treatment
efficacy. Early identification and management of complications, such as hydrocele or testicular
atrophy, prevent long-term morbidity. Evidence-based prophylactic strategies reduce the
likelihood of reoperation and improve patient satisfaction. Incorporation of emerging imaging
technologies enhances anatomical visualization and procedural planning. Overall, prevention and
vigilant monitoring form integral components of pathogenetically guided recurrent varicocele
management. Optimizing operative technique, follow-up, and patient education ensures durable
outcomes. Preventive approaches not only preserve fertility but also minimize psychological and
financial burden on patients. Integrating these strategies into standard care protocols enhances
long-term reproductive and testicular health outcomes.

Future perspectives in recurrent varicocele management focus on refining pathogenetically
based interventions and enhancing fertility outcomes. Advances in microsurgical and
endovascular technologies continue to reduce recurrence rates and postoperative complications.
Research into the molecular and cellular mechanisms underlying venous incompetence and
oxidative stress may reveal novel pharmacological targets. Biomarkers for early detection of
testicular hypoxia and DNA damage could guide timely intervention and improve prognosis.
Integration of imaging modalities, such as 3D venography and Doppler thermography, enables
precise anatomical mapping and individualized treatment planning. Artificial intelligence and
machine learning approaches may predict recurrence risk and optimize surgical strategy selection.
Longitudinal studies evaluating reproductive and hormonal outcomes provide evidence for best
practice recommendations. Patient-centered research emphasizes quality of life, psychological
well-being, and fertility preservation. Novel minimally invasive techniques, including robot-
assisted surgery and targeted embolization, are under investigation for complex recurrences.
Combination therapies, integrating surgical, endovascular, and pharmacological approaches,
offer potential for improved outcomes. International collaboration and multicenter trials can
standardize treatment protocols and enhance evidence-based practice. Education and training
programs for urologists and interventional radiologists support skill development and reduce
technical failures. Genomic and proteomic studies may identify individuals at high risk of
recurrence. Personalized medicine approaches hold promise for optimizing treatment efficacy
while minimizing adverse effects. Postoperative rehabilitation and lifestyle guidance remain
essential components of comprehensive care. Ethical considerations in fertility preservation
guide research and clinical decision-making. Public health initiatives may improve awareness,
early detection, and intervention in at-risk populations. Ultimately, continued research and
innovation will advance pathogenetically grounded management of recurrent varicocele.
Emphasis on evidence-based, individualized strategies ensures improved reproductive health
outcomes for affected men.

Conclusion

Recurrent varicocele represents a significant clinical challenge due to its impact on testicular
function, sperm quality, and male fertility. The pathogenesis of recurrence involves venous valve
insufficiency, collateral vein formation, venous stasis, hypoxia, and oxidative stress, which
together compromise spermatogenesis and endocrine function. Accurate diagnosis using a
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combination of physical examination, Doppler ultrasonography, and advanced imaging
modalities is essential for appropriate treatment planning. Management strategies should be
guided by pathogenetic principles, incorporating surgical, endovascular, and conservative
approaches tailored to individual patient anatomy, prior interventions, and fertility goals.
Microsurgical varicocelectomy remains the gold standard for minimizing recurrence, while
endovascular techniques provide minimally invasive alternatives, particularly in complex cases
or after prior surgery. Adjunctive conservative and pharmacological therapies, including
antioxidants and lifestyle modifications, support testicular function and reduce symptom severity.
Prevention and vigilant postoperative monitoring are crucial for early detection of residual reflux
and reducing the likelihood of further recurrence. Future perspectives emphasize the integration
of molecular insights, advanced imaging, and personalized medicine approaches to optimize
outcomes and preserve reproductive potential. Overall, a comprehensive, pathogenetically
grounded approach ensures effective management of recurrent varicocele, enhances fertility
outcomes, and improves the quality of life for affected men.
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