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Abstract:  

Background: Varicocele is characterized by the abnormal enlargement, elongation, and tortuosity of the 
pampiniform plexus veins, which are responsible for testicular venous drainage. While varicocele affects 
approximately 15% of the male population, its prevalence rises significantly among infertile men (19–41%) 
and reaches 70–80% in cases of secondary infertility. Although the etiology of varicocele remains 
uncertain, it is generally accepted as multifactorial, with proposed contributors including the nutcracker 
phenomenon, weak mesenchyme syndrome and defective venous valves. Aim: To explore the impact of 
varicocele on hormonal profiles, particularly estradiol and testosterone levels, and to assess the 
associated hemodynamic changes detectable by Doppler ultrasound. Materials and Methods: Previous 
studies assessing hormonal changes in men with varicocele, specifically those with 
oligoasthenoteratozoo-spermia, were reviewed. Doppler ultrasound findings evaluating peak systolic 
velocity (PSV), end-diastolic velocity (EDV), and resistive index (RI) were also analyzed in relation to 
varicocele presence. Results: Men with varicocele, especially those with abnormal semen parameters, 
have been found to exhibit elevated estradiol concentrations and reduced total testosterone levels, 
resulting in a decreased testosterone-to-estradiol (T: E) ratio. Additionally, varicocele has been 
associated with increased sperm DNA damage, adversely affecting fertility. Doppler ultrasound studies 
have consistently demonstrated significant alterations in testicular blood flow parameters (PSV, EDV, RI) 
in affected individuals. Conclusions: Varicocele contributes to hormonal imbalances and impaired sperm 
parameters, leading to reduced fertility. Evaluation using Doppler ultrasound aid in detecting 
hemodynamic abnormalities, and surgical intervention such as subinguinal varicocelectomy help restore 
hormonal balance and improve fertility. 
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Introduction 
The Varicocele definition is the abnormal 
enlargement of the pampiniform plexus of 
veins located in the spermatic cord. Its 
severity is typically classified into four grades: 
grade 0 (subclinical), which can only be 
detected through imaging; grade 1, which 
becomes noticeable or palpable solely while 
performing the Valsalva maneuver; grade 2,  

which can be felt by examination but not seen 
while standing in a room-temperature 
environment; and grade 3, which is visibly 
apparent under the same conditions. 
Approximately 85% of varicocele cases are on 
the left side and are unilateral. The majority of 
the remaining instances are bilateral, while 
isolated right-sided varicoceles are infrequent. 
While many affected men remain 
asymptomatic, some may experience 
testicular discomfort or pain, as well as 
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concerns related to the cosmetic aspect of 
the condition (1). 
Varicoceles are characteristic with the 
abnormal expansion and coiling of veins 
within the pampiniform plexus, a venous 
network essential for draining blood from the 
testes. These veins primarily flow into the 
internal spermatic (gonadal) vein. On the 
right, this vein typically enters the 
anterolateral side of the inferior vena cava 
(IVC) below the right renal vein. In contrast, 
the left internal spermatic vein drains at a 
right angle into the left renal vein, a 
configuration that makes it more prone to 
venous congestion, especially under increased 
pressure within the left renal vein. This 
condition is worsened by compression of the 
left renal vein between the aorta and the 
superior mesenteric artery—a situation 
known as "nutcracker syndrome." 
Furthermore, the left spermatic vein is much 
longer compared to the right increases the 
incidence of varicoceles on the left sides, Due 
to this anatomical variance, isolated right-
sided varicoceles are uncommon, prompting 
some experts to recommend further 
investigation for possible retroperitoneal 
tumors. Another contributing factor to the 
development of varicoceles on the left is the 
potential compression of the left spermatic 
vein by the descending colon (2). 
Absence or dysfunction of venous valves has 
a potential role in the occurrence of reflux of 
venous blood, which is much frequently 
observed in the left internal spermatic vein. 
Research has shown that valves are absent in 
40% of left spermatic veins compared to the 
veins of the right-side which is 23% (3). 
Besides the internal spermatic vein, the testes 
utilize several auxiliary venous drainage 
routes, listed according to importance. These 
include the external pudendal vein, which 
drainage is into the great saphenous vein; the 
vasal vein, which connects to the internal iliac 

vein; and the cremasteric (or external 
spermatic) vein, which empties to the inferior 
epigastric and external iliac veins. Another 
collateral pathway may involve venous 
connections with the retroperitoneal, 
peritoneal, ureteral, colonic, splenic, and 
adrenal systems. Notably, relation between 
the right and left internal spermatic veins 
have also been observed near the level of the 
third lumbar vertebra (L3) (4). 

Etiology 
Varicoceles are generally believed to form due 
to impaired venous return in the internal 
spermatic vein, leads to blood pooling and 
vein dilation that is often clinically palpable on 
scrotal examination (5). 
Three primary anatomical mechanisms have 
been proposed: 
Failure of the anti-reflux valve at the junction 
of the internal spermatic vein and left renal 
veins, leading to backward flow of blood; 
The junction between the left internal 
spermatic and left renal veins is angled, that 
can impair flow; 
The "nutcracker effect" is compression of the 
left renal vein between the aorta and the 
superior mesenteric artery—a condition can 
restrict venous outflow. This anatomical 
obstruction of the left spermatic vein has 
been reported in as many as 50% or more of 
cases (6). 
Less common causes of varicocele include 
thrombosis in the deep veins, renal 
arteriovenous malformations, and clot 
formation within the pampiniform plexus 
(Brahmbhatt et al., 2021). 
Additional risk factors for male infertility 
include tobacco use and genetic variations 
such as mutations in the glutathione S-
transferase Mu 1 gene (7). 
   When varicoceles negatively impact semen 
quality, they often produce a distinctive 
"stress pattern" on semen analysis, marked 
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by a reduced sperm count, poor motility, and 
a higher proportion of morphologically 
abnormal sperm (8). 

Epidemiology 

Varicoceles affect approximately 15% to 20% of 
adult males and are found in as many as 40% 
of men being assessed for infertility (9). 
Despite this, delays in assessing the male 
partner during infertility evaluations are not 
uncommon. Notably, 18% of men with 
infertility who were referred after undergoing 
assisted reproductive procedures were 
eventually found to have varicoceles and 
were suitable candidates for varicocelectomy. 
Notably, in about 70% of these couples, no 
fertility-related issues were detected in the 
female partner (10). 

Complications 

If left untreated, clinically significant 
varicoceles can lead to discomfort or pain and 
may impair fertility. In younger individuals, 
particularly adolescents, varicoceles can also 
interfere with testicular growth and 
development (11). 
Although atrophy of the testis is 
uncommon—even when the artery is 
accidentally tied off during surgery (reported 
in around 5% of cases)—this is due to the 
presence of alternative arterial supplies from 
the cremasteric and vasal arteries. Risk of 
damaging the artery during surgical 
intervention can be reduced by employing 
magnification techniques, such as surgical 
loupes, or by using microsurgical approaches. 
Despite treatment, varicoceles can recur in up 
to 10% of patients (12). 
Postoperative scrotal pain may occur, and 
several potential causes have been proposed, 
including hydrocele formation, nerve 
irritation, injury to the ureter, recurrence of 
the varicocele, Nutcracker syndrome, or pain 
referred from other anatomical areas (13). 

Pathophysiologic Mechanisms Associated 
with Varicocele 

Subfertility is typically the main clinical 
concern associated with varicoceles. Although 
many men with varicoceles remain fertile, 
others may experience issues related to 
sperm count, motility, morphology, or overall 
function. One proposed explanation is that 
elevated scrotal temperatures from venous 
pooling led to oxidative stress, which may 
impair sperm health. Additional contributing 
factors may include diminished oxygen 
delivery (hypoxia), mechanical pressure 
damage to testicular tissue, accumulation of 
toxins, autoimmune responses, or exposure 
to elevated levels of adrenal steroids. This last 
mechanism is particularly plausible on the left 
side, where adrenal veins drain into the left 
renal vein, near the entrance of the internal 
spermatic vein (14). 
Varicoceles are also linked to increased DNA 
fragmentation of the sperms and oxidative 
stress, both of which can negatively impact 
various aspects of sperm functionality (15). 
Although most varicoceles are asymptomatic, 
2% to 10% of cases may present with pain. 
Possible causes for this discomfort include 
increase of testicular temperature, elevated 
the pressure of the veins, oxidative stress, 
hormonal disturbances, backflow of harmful 
substances from the kidneys or adrenal 
glands, hypoxia, or nerve fibers stretch in the 
spermatic cord caused by vein enlargement 
(16). 
Varicoceles can also affect the testosterone in 
the Leydig cells of the testes, especially in 
older men. (17). 

Hypoperfusion and hypoxia 

The testicular microvasculature is 
characterized by notably low blood pressure 
within both the pre-capillary and post-
capillary arterioles and venules, making the 
environment within the testicular tissue 
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particularly susceptible to even slight 
fluctuations in vascular pressure (18).   In 
varicocele patients, the abnormal dilation of 
the pampiniform veins leads to blood pooling 
and a reversal of flow within the venous 
system. This venous congestion disrupts the 
countercurrent heat exchange mechanism, 
resulting in elevated scrotal temperatures. 
Additionally, increased venous pressure can 
trigger compensatory vasoconstriction in the 
pre-capillary arterioles, a physiological 
attempt to regulate arterial inflow and 
stabilize intratesticular pressure (19). 
The vasoconstriction associated with 
varicocele leads to decreased blood flow 
(hypoperfusion) in the testes, restricting the 
supply of oxygen and nutrients to the 
testicular cells. high levels of hypoxia-
inducible factor 1α (HIF-1α) have been 
detected in the testicular veins of varicocele 
patients, suggesting that these tissues are 
subjected to lower oxygen levels (20).   HIF-1α 
and related hypoxia-inducible factors are 
critical regulators of cellular responses to low 
oxygen environments. Under hypoxic 
conditions, these factors promote survival by 
stimulating new blood vessel formation and 
shifting cellular metabolism toward anaerobic 
pathways. However, whether these factors 
facilitate survival or induce cell death depends 
on the type of tissue and the extent of 
oxygen deprivation (21). 

Heat stress 

The testicular artery, located within the 
spermatic cord, is encircled by several veins 
forming the pampiniform plexus. In 1959, Dahl 
and Herrick introduced the countercurrent 
heat exchange theory, which posits that 
venous blood returning through the 
pampiniform veins cools the arterial blood 
that enter the testicular artery. This 
mechanism helps maintain a scrotal 
temperature that is a few degrees lower than 

the core temperature of the body, which is 
essential for optimal testicular function (22). 
In varicocele patients, the dilation of the veins 
of the pampiniform plexus can lead to pooling 
of the blood and backward venous flow, 
disrupting this finely tuned thermal 
regulation. As a result, the cooling of 
incoming arterial blood is compromised, 
which leads to elevated temperatures in the 
scrotum. Studies in both humans and animal 
models have confirmed that varicoceles cause 
increased scrotal and intratesticular 
temperatures (23). This rise in local 
temperature may be one of the key factors 
contributing to the effect of varicocele on 
sperm development and overall function of 
sperm (24). 

 Central role of oxidative stress 

Varicoceles are thought to impair male 
fertility through several mechanisms, with 
oxidative stress (OS) playing a central role. OS 
occurs when the generation of reactive 
oxygen species (ROS) exceeds the ability of 
the body to counteract them with 
antioxidants. Extensive research has 
demonstrated that this imbalance can make 
oxidative damage to sperm membranes and 
DNA, interfere with spermatogenesis, and 
diminish sperm motility (25). 
 

Testicular hypoxia 

In varicoceles, impaired venous drainage can 
lead to localized hypoxia in the testes, as 
evidenced by elevated expression of hypoxia-
inducible factor-1α in the tissue within the 
testis of rats with varicocele (26). 
 

Complications of varicocele 

Hormonal disturbance 
   Oxidative stress (OS) can adversely affect 
steroidogenesis in Leydig cells, disrupting 
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spermatogenesis and reducing the production 
of mature spermatozoa. In a retrospective 
study, varicocele repair led to an average 
increase of 109.1 ± 12.8 ng/dl in serum 
testosterone levels among 78 patients (27). 
 Likewise, a prospective study found a 
significant correlation between baseline 
testosterone and the changes in testosterone 
following varicocelectomy (28). Hu et al. 
demonstrated that adrenomedullin, a 
polypeptide hormone linked to increased 
oxidative stress (OS), reduces both 
antioxidant defense and steroidogenesis (28). 
In the male reproductive system, reactive 
oxygen species (ROS) can also affect other 
hormonal pathways. For example, the 
hypothalamus-pituitary-adrenal (HPA) 
activation axis leads to elevated cortisol 
levels, which suppress pituitary hormones (29). 
also, OS in the hypothalamus-pituitary-thyroid 
(HPT) axis can decrease thyroid hormone 
production, lowering the expression of 
steroidogenic acute regulatory (StAR) protein 
in Leydig cells, thus impairing testosterone 
production (30).While OS has long been known 
to contribute to infertility by disrupting local 
hormonal environments, its effects may 
extend more broadly. Additional research is 
important to comprehensively understand the 
systemic effect of OS on spermatogenesis and 
semen quality, particularly in men diagnosed 
with varicocele (31). 

Testicular Dysfunction 
   Around 40% of men undergoing infertility 
evaluation are diagnosed with a varicocele (32). 
The multifactorial nature of infertility in 
varicocele patients certainly adds complexity 
to treatment strategies. The interplay 
between elevated scrotal temperature, 
retrograde blood flow, and increased 
oxidative stress underscores the importance 
of targeting multiple mechanisms when 
managing varicocele-related infertility. The 

effect on sperm quality and testicular 
function—such as the potential for testicular 
atrophy—highlights how varicoceles can have 
long-term consequences even in individuals 
without overt symptoms of infertility. 
Interestingly, the various factors you 
mentioned—like catecholamine effects from 
retrograde blood flow and oxidative damage 
to spermatozoa—suggest a systemic 
imbalance that could be more difficult to 
reverse once established. However, if 
addressed early, the effects of varicocele, 
such as testicular atrophy, might be mitigated 
or even reversed, particularly with surgical 
interventions like varicocelectomy (33). 
   This reduction in testicular size is often 
accompanied by dysfunction of the testicular 
tissue, as demonstrated by biopsy studies of 
testicles affected by varicocele (34). 

Approach to evaluating varicocele. 

Clinical assessment  
Varicoceles are commonly detected during 
routine physical examinations or as part of an 
infertility assessment. While they are typically 
asymptomatic, 2% to 10% of patients may 
report discomfort. The pain is generally 
described as dull, aching, or throbbing, with 
sharp or stabbing pain being rare. Some 
patients may also experience a sensation of 
heaviness in the scrotum (35). 
Large varicoceles are easily visible during 
inspection and often present with the 
characteristic "bag of worms" appearance. 
Medium-sized varicoceles can be felt through 
palpation or physical examination without the 
need for the patient to strain. Small 
varicoceles are detectable only with a 
pronounced Valsalva maneuver.  
Subclinical varicocele, on the other hand, 
cannot be detected during physical 
examination and are diagnosed using 
ultrasound imaging (16). 
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When evaluating Color Doppler 
ultrasonography (CDUS) results, it is 
important to use the formula ‘volume = 0.71 × 
length × width × height’ for a more precised 
calculation of testicular ellipsoid volume, 
replacing the older formula ‘volume = 0.52 × 
length × width × height’ (36). 

Clinical grading  
The Dubin and Amelar clinical grading system 
for varicocele severity remains widely utilized, 
categorizing varicoceles into three grades: 
grade 1 (detectable only during a Valsalva 
maneuver), grade 2 (palpable without 
Valsalva), and grade 3 (visibly evident). The 
World Health Organization (WHO) later 
introduced the concept of grade 0, or 
"subclinical" varicocele, that cannot be 
detected through physical examination, either 
during rest by the Valsalva maneuver. 
Subclinical varicoceles diagnosis is typically 
identified using thermography or color 
Doppler ultrasonography (CDUS) (8). 
In adults, studies have shown that vein 
diameter correlates with the likelihood of 
venous reflux, although the exact threshold 
values differ among reports. One 
investigation proposed that a minimum vein 
diameter (MVD) of 3 mm is significant; men 
with an MVD below this level has venous 
reflux in 62.3% of cases, whereas reflux was 
present in 94.4% of those with an MVD above 
3 mm (37). 
Similarly, Pilatz et al. In a study involving 270 
adult men, it was determined that a varicocele 
diagnosis could be made with a minimum vein 
diameter (MVD) of 2.45 mm at rest (with a 
sensitivity of 84% and specificity of 81%) or 
2.95 mm during the Valsalva maneuver (with a 
sensitivity of 84% and specificity of 84%) (38). 
Hemodynamic assessment 
Doppler color flow mapping ultrasonography 
is widely regarded as a valuable diagnostic 
tool in clinical urology for assessing 

varicoceles. The 2011 guidelines from the 
European Association of Urology (EAU) 
recommend its use for the diagnosis of 
venous reflux, detecting subclinical 
varicoceles, and evaluating the size of the 
testos to identify hypoplasia (39). 
However, the use of hemodynamic 
parameters has yet to be validated through 
prospective randomized studies or included in 
pediatric and adolescent patient’s guidelines. 
Despite this, many clinicians rely on 
hemodynamic classification in practice to 
better characterize varicoceles and determine 
surgical candidates. As these parameters gain 
broader use, they may be incorporated into 
future guidelines. (8). 
For hemodynamic evaluation of varicocele, 
high-frequency linear probes and devices 
capable of assessing the flow of blood are 
recommended for Color Doppler Ultrasound 
(CDUS) (Hamada et al., 2015). The perfusion 
of the testis is evaluated using color Doppler 
(CD), power Doppler, and spectral Doppler 
ultrasound techniques. The waveform of 
testicular arteries generally demonstrates low 
resistance and an average resistive index (RI) 
of 0.62 (range 0.48–0.75) in adults and post 
pubertal boys (40). 
Subsequent studies have shown that CDUS 
has high sensitivity in detecting changes in 
circulation inside in testes affected by 
varicocele. These studies indicate significant 
reductions in testicular arterial blood flow, 
along with increases in resistive index and 
peak systolic velocity in patient with 
varicocele. 
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