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Annotation

Varicocele is a prevalent vascular abnormality of the male reproductive system,
characterized by the dilatation of the pampiniform venous plexus within the spermatic cord.
It represents one of the leading causes of male infertility and testicular dysfunction, primarily
due to impaired spermatogenesis and hormonal imbalance. The pathophysiology of varicocele
involves retrograde blood flow, increased scrotal temperature, oxidative stress, and hypoxia,
which contribute to testicular damage. Diagnosis is based on physical examination and
imaging techniques, particularly Doppler ultrasonography. Clinical management ranges from
conservative observation in asymptomatic cases to surgical interventions such as open
varicocelectomy, laparoscopic ligation, and microsurgical repair, with the latter
demonstrating superior outcomes in fertility restoration. This article provides an overview of
the pathophysiology, diagnostic approaches, and clinical management strategies of varicocele
in men.
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Introduction

Varicocele is one of the most common vascular disorders of the male reproductive
system, with a reported prevalence of approximately 15% in the general male population and
up to 40% among infertile men. It is defined as an abnormal dilatation and tortuosity of the
pampiniform venous plexus within the spermatic cord, most frequently occurring on the left
side due to anatomical and hemodynamic factors. Although many cases remain asymptomatic,
varicocele has been strongly associated with impaired spermatogenesis, reduced testicular
volume, and disturbances in Leydig cell function, thereby contributing to both subfertility and
infertility.

The pathophysiological mechanisms underlying varicocele include retrograde venous
reflux, scrotal hyperthermia, hypoxia, oxidative stress, and hormonal dysregulation, which
collectively impair testicular microenvironment and sperm quality. Advances in diagnostic
modalities, particularly high-resolution ultrasonography and Doppler imaging, have improved
the accuracy of detection, especially in subclinical cases. From a therapeutic perspective,
several surgical and minimally invasive procedures, such as open varicocelectomy,
laparoscopic ligation, and microsurgical repair, are currently employed, with microsurgery
yielding the most favorable reproductive outcomes. Given its high prevalence and significant
impact on male fertility, varicocele remains a major topic of clinical and scientific interest. A
comprehensive understanding of its pathophysiology, diagnostic approaches, and
management options is essential for improviﬁtient outcomes an
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Main Part

Pathophysiology of Varicocele

Varicocele is primarily caused by the incompetence of venous valves within the internal
spermatic vein, leading to retrograde blood flow and venous stasis. This abnormal venous
reflux increases hydrostatic pressure in the pampiniform plexus, resulting in venous
dilatation. The left testicular vein is more frequently affected because of its direct drainage
into the left renal vein at a right angle and the possible compression between the superior
mesenteric artery and the aorta.

The elevated scrotal temperature induced by impaired venous drainage is considered
one of the most detrimental factors for testicular function. Even a mild increase in testicular
temperature by 2-3°C can negatively influence spermatogenesis. Furthermore, hypoxia
caused by impaired circulation leads to cellular stress and testicular tissue damage. Oxidative
stress plays a central role, as increased levels of reactive oxygen species damage sperm DNA,
reduce sperm motility, and impair fertilization potential. Endocrine disturbances, such as
reduced testosterone secretion due to Leydig cell dysfunction, also contribute to testicular
impairment in patients with varicocele.

Clinical Presentation and Classification

Varicocele is often asymptomatic and may be detected incidentally during routine
physical examination or infertility evaluation. When symptomatic, patients may report scrotal
pain, heaviness, or discomfort that worsens with standing or physical activity and improves in
the supine position. Long-standing untreated varicocele can cause progressive testicular
atrophy, which is more pronounced in adolescents and young adults.

Clinically, varicocele is classified into three grades:

e Grade I: palpable only during the Valsalva maneuver,

e Grade II: palpable without Valsalva but not visible,

e Grade III: both visible and palpable at rest.

Additionally, subclinical varicocele can be diagnosed only through imaging modalities
such as scrotal ultrasonography with Doppler assessment. This classification helps determine
disease severity and guides treatment decisions.

Diagnostic Approaches

Accurate diagnosis of varicocele requires a combination of clinical evaluation and
imaging studies. Physical examination remains the cornerstone, especially when performed in
a warm room with the patient in a standing position. The Valsalva maneuver is useful for
detecting reflux and subtle venous dilatation.

Scrotal ultrasonography with Doppler is considered the gold standard for confirming
diagnosis and assessing the degree of venous reflux. Diagnostic criteria include dilation of
pampiniform plexus veins greater than 2-3 mm and the presence of retrograde blood flow
during the Valsalva maneuver. Advanced diagnostic methods such as thermography,
venography, and MRI are rarely required but may be considered in complex cases or prior to
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surgical planning.

Semen analysis is an essential part of diagnostic workup, as it provides insight into the
functional impact of varicocele on spermatogenesis. Typical findings include decreased sperm
concentration, reduced motility, and abnormal morphology. Hormonal evaluation of serum
testosterone and gonadotropins may also be indicated in cases with suspected endocrine

dysfunction. ’
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Clinical Management Strategies

The management of varicocele depends on the patient’s age, symptoms, fertility status,
and semen parameters. Asymptomatic individuals with normal semen analysis may be
managed conservatively with regular follow-up. However, intervention is recommended in
cases of infertility, abnormal semen quality, testicular atrophy, or significant pain.

Surgical correction, termed varicocelectomy, is the most widely accepted treatment.
Multiple techniques are available:

e Open surgical ligation - involve ligation of dilated veins through an inguinal or
retroperitoneal approach.

e Microsurgical varicocelectomy - performed under an operating microscope, allowing
precise ligation of dilated veins while preserving arteries and lymphatics. This technique has
the lowest recurrence and complication rates.

¢ Laparoscopic varicocelectomy - provides a minimally invasive approach with shorter
recovery time but requires general anesthesia.

¢ Percutaneous embolization - an interventional radiology technique that occludes the
affected veins using coils or sclerosing agents, representing an alternative for selected cases.

Clinical outcomes following surgical correction are encouraging. Numerous studies have
demonstrated significant improvement in semen quality, sperm DNA integrity, and natural
conception rates post-treatment. Microsurgical repair is considered the gold standard due to
its superior reproductive outcomes and low risk of hydrocele formation or recurrence.

Prognosis and Future Perspectives

Varicocele correction has shown to restore normal testicular function in many patients,
particularly when performed at an early stage. In adolescents, early intervention prevents
progressive testicular damage and preserves fertility potential. However, not all men benefit
equally, suggesting that genetic predisposition and other coexisting factors influence
treatment outcomes.

Recent research has focused on the role of oxidative stress biomarkers, genetic
susceptibility, and advanced imaging techniques in improving diagnosis and personalized
management. Additionally, assisted reproductive technologies (ART), such as in vitro
fertilization (IVF) and intracytoplasmic sperm injection (ICSI), remain options for patients
who do not achieve fertility improvement despite varicocele treatment.

Conclusion

Varicocele remains one of the most significant and reversible causes of male infertility,
with a clear association between venous reflux in the pampiniform plexus and impaired
testicular function. Its pathophysiology involves a complex interplay of increased scrotal
temperature, hypoxia, oxidative stress, and endocrine imbalance, all of which negatively
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influence spermatogenesis and hormonal regulation.

Accurate diagnosis through a combination of clinical examination and Doppler
ultrasonography is essential for assessing disease severity and guiding treatment decisions.
While asymptomatic cases may not require intervention, men with infertility, abnormal
semen parameters, or progressive testicular atrophy benefit significantly from timely
management.

Among treatment modalities, microsurgical varicocelectomy has emerged as the gold
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standard due to its low recurrence rate, minimal complications, and superior fertility
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outcomes. Alternative methods, including laparoscopic repair and percutaneous
embolization, also play important roles in individualized patient care.

In conclusion, early recognition and appropriate management of varicocele are crucial
for preserving male reproductive health and improving fertility outcomes. Continued research
on molecular mechanisms, novel diagnostic tools, and personalized treatment approaches will
further enhance clinical practice and optimize patient prognosis.
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