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Varicocele-induced infertility: Newer insights into its 
pathophysiology
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ABSTRACT
The association between varicoceles and male infertility has been known since the 1950s; however, the pathophysiology of 
the process remains uncertain. The primary proposed hypotheses involve hyperthermia, venous pressure, testicular blood 
flow, hormonal imbalance, toxic substances, and reactive oxygen species. It is difficult to identify a single or dominant 
factor, and it is likely that many of these factors contribute to the infertile phenotype seen in clinical practice. Moreover, 
patient lifestyle and genetic factors likely affect patient susceptibilities to the varicocele insult. While the current studies 
have weaknesses, they provide building blocks for futures studies into the pathophysiology of the varicocele. 
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INTRODUCTION

The term varicocele was originally coined by British 
surgeon T.B. Curling in 1843 to describe the pathologic 
dilation of veins of the spermatic cord.[1] The earliest 
descriptions of treatment for varicoceles come from 
the Roman encyclopedist Celsus, who practiced 
from 25-35 AD. While early varicocelectomy was 
performed for pain or cosmetic improvement, it was 
not until 1952 that the association between varicocele 
and infertility was recognized. T.S. Tulloch published 
a case report of a man with testicular biopsy-proven 
maturation arrest in whom sperm count improved 
after varicocelectomy.[2] Other reports of similar 
findings soon followed, thus shifting the focus 
of varicoceles from pain to subfertility.[1] Today 

approximately 37,000 varicocelectomies are performed 
annually in the U.S.[3]

Varicoceles develop from a reversal of blood flow within the 
internal spermatic and cremasteric veins. [4] There are three 
main anatomic explanations for the origins of varicoceles. [5] 
The first theory emphasizes the fact that the drainage of the 
testicular veins differs between the right and left. While 
the right enters directly into the inferior vena cava at an 
oblique angle, the left joins the left renal vein at a right 
angle. This difference is thought to result in increased 
hydrostatic pressure on the left resulting in dilation of the 
pampiniform plexus. The second theory postulates that an 
absence of competent valves leads to varicoceles. In fact, 
in a study of 659 men with varicoceles, 73% were found 
to have absent venous valves when assessed by contrast 
venography.[6] The final theory suggests that compression 
of the renal vein between the aorta and superior mesenteric 
artery increases the hydrostatic pressure in the testicular 
vein via a “nutcracker” effect.[5] 

Epidemiologic studies suggest that approximately 15% of all 
men in the general population have a clinical varicocele. In 
contrast, between 19–41% of men evaluated for infertility 
are found to have varicoceles.[5] Interestingly, the rate of 
varicocele is increased in men with secondary infertility to 
approximately 70%, suggesting that varicoceles may cause a 
progressive decline in fertility potential.[7] Most commonly, 
varicoceles arise sometime after puberty as demonstrated 
by a study which found no varicoceles in boys six to nine 
years of age, with increasing numbers in boys aged 10-14 
years.[8] There is also evidence for a genetic component to 
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the disease as clinical varicoceles are found in higher rates 
in first-degree relatives (i.e. brothers, fathers) of patients 
with varicoceles compared to fertile controls.[9,10]

In clinical practice, most reports show persistent abnormality 
of sperm count, motility, or morphology.[4,5,11] The “stress 
pattern,” which consists of elongated, tapered sperm head 
and amorphous cells, is commonly, though not consistently, 
attributed to varicocele patients.[12] Even using the current 
“strict” morphology criteria, men with varicoceles are found 
to have a lower number of morphologically normal sperm. [13] 
In the rat model, varicoceles were found to increase germ 
cell apoptosis which may contribute to oligospermia.[14]

That some men with a clinical varicocele are infertile despite 
normal semen morphology and concentrations caused some 
investigators to study if sperm function was compromised 
in the varicocele patient. Many studies have focused on 
the acrosome reaction during zona pellucida binding.[15,16] 
Indeed, investigators showed that 45% of infertile men 
with a varicocele had an abnormal acrosome reaction, 
which could be normalized for many of these men after 
varicocelectomy.[15] 

Many investigators have reported that treatment of 
varicocele improves semen parameters, pregnancy rates, and 
intrauterine insemination pregnancy and birth rates. [17- 19] 
However, there is controversy regarding the efficacy of 
varicocelectomy in the management of infertility. Much 
of the uncertainty with regards to treatment likely stems 
from the heterogeneity of the entity itself. Varicoceles exist 
in different sizes with grading based on ultrasonographic 
and physical examination characteristics. Within these 
grades, there are ranges of semen abnormalities. Moreover, 
while some men with infertility have varicoceles and 
abnormal semen parameters, men with normal fertility and 
normal semen can also harbor the identical spermatic cord 
pathology. Given the clinical variation, it is perhaps not 
surprising that there is some uncertainty as to the efficacy of 
repair. While some systematic reviews of available literature 
suggested no benefit of  varicocelectomy, other reviews do 
suggest efficacy of surgical repair.[20-23] The main difference 
in results involves inclusion criteria of the studies analyzed 
in the meta-analyses. The reviews suggesting benefit to 
varicocelectomy are limited to studies of men with clinical 
varicoceles with abnormal semen parameters–the men most 
often offered varicocelectomy today.[22,23]

In addition to the debate surrounding the clinical benefit 
of varicocelectomy, another controversial aspect of the 
varicocele regards its pathophysiology. The primary 
proposed hypotheses involve hyperthermia, venous pressure, 
testicular blood flow, hormonal imbalance, toxic substances, 
and reactive oxygen species.[4,5,11,24,25] It is difficult to identify 
a single or dominant factor, and it is likely that many of 
these etiological causes contribute to the infertile phenotype 

seen in clinical practice. Our current understanding of the 
pathophysiology of the varicocele is built upon both human 
data as well as animal models. While the current studies 
may have inherent weaknesses, they do provide building 
blocks for futures studies into the pathophysiology of the 
varicocele.

PROPOSED MECHANISMS

Hyperthermia
Scrotal temperature is maintained a few degrees below body 
core temperature in order to optimize the environment 
for normal testicular function by the countercurrent heat 
exchange system first postulated by Dahl and Herrick in 
1959.[26] The inflowing arterial blood from the testicular 
artery is cooled in the spermatic cord by returning venous 
blood in the pampiniform plexus. A dilation of the venous 
plexus would then disrupt the efficiency of this system. 
The explanation for why a left-sided varicocele affects 
the function of the contralateral testis is unclear, but any 
unilateral pathology may be transmitted via the collateral 
drainage that exists between the testes.[11,27]

From experiments involving induced cryptorchidism or 
testicular hyperthermia as a means of contraception as well 
as data from recreational wet heat exposure, it is apparent 
that testicular heating impairs semen parameters. [28-30] There 
is conflicting data in humans, however, as to the effects on 
scrotal temperature of a varicocele. Several reports found 
no difference in scrotal temperature between infertile men 
with and without varicocele.[31,32] In contrast, Shiraishi and 
colleagues found abnormal scrotal temperature regulation 
of men with varicoceles compared to normal men.[33] 
In addition, Goldstein and Eid found that infertile men 
with varicoceles had higher scrotal surface temperatures 
compared to control subjects.[34] The conflicts in studies 
may be due in part to the fact that the scrotal temperature 
is known to vary widely with changes in body position and 
activity over a 24-h period.[35]

Just as there are conflicting reports of preoperative temperature 
regulation, postoperative findings of scrotal temperatures 
also vary. While some studies show a restoration of normal 
thermoregulation after varicocelectomy, others found no 
difference in scrotal temperatures despite improvements 
in semen parameters.[36,37]

Goldstein and Eid also measured intratesticular temperatures 
using a 29G needle inserted directly into testicular tissue and 
found significant elevations in temperatures in varicocele 
patients compared to controls.[34] Animal studies have also 
investigated intratesticular temperature changes caused 
by varicocele. Saypol et al., used both a dog and rat model 
to show that surgical impairment of testicular venous 
blood flow either by partial occlusion of the renal vein or 
ligation of the testicular vein led to increases in bilateral 

Eisenberg and Lipshultz: Varicocele pathophysiology



60 Indian Journal of Urology, Jan-Mar 2011, Vol 27, Issue 1

intratesticular temperatures.[38] Other investigators also 
showed that such testicular thermal derangements caused by 
induced varicoceles could be reversed following varicocele 
repair in both the rat and rabbit model.[39,40] Animal models 
must be viewed with some skepticism, as the acute surgical 
induction of a varicocele does not mirror the chronic process 
that exists in man. 

Cryptorchidism, both congenital and experimental, provides 
a more chronic model of testicular hyperthermia and may 
provide a more accurate representation of the putative 
varicocele temperature insult. In an experiment meant to 
explore the utility in male contraception, adult volunteers 
had an artificial cryptorchid state created by wearing an 
athletic supporter during the day to hold the testes in the 
inguinal canal.[28,41] After several months, the investigators 
found sperm concentration, motility and morphology 
all diminished. Within 12 months of discontinuation of 
the protocol, the men’s semen parameters returned to 
baseline. It is interesting to note that histological changes 
of both germ cells and seminiferous tubules obtained from 
testis biopsies are similar between men with varicocele or 
cryptorchidism.[42,43]

The mechanism for how heat affects spermatogenesis 
remains speculative. There is evidence that heat may affect 
androgen production which can have deleterious effects 
on the maintenance of sperm production.[33] Rajfer et al., 
showed that experimentally induced varicocele can lead 
to impairment of 17,20-desmolase and 17 α-hydroxylase 
enzymes of the steroid biosynthetic pathway.[44] In addition, 
some data also suggests that scrotal hyperthermia increases 
the rate of germ cell apoptosis.[45] Investigators have explored 
several candidate genes that may regulate this process 
including cold-inducible RNA binding protein (Cirp), 
whose levels are reduced with testicular hyperthermia 
(e.g. as occurs as with cryptorchidism or hot baths) as 
well as heat shock proteins whose levels are induced by 
hyperthermia. [46,47]

Venous pressure
Another likely pathway by which a varicocele impairs 
testicular function regards venous pressure. While 
increased venous pressure could plausibly limit arterial 
inflow in an effort to maintain normal intratesticular 
pressures, the experimental evidence of such mechanisms 
is conflicted. [48,49] Sweeney used a hamster testis model to 
measure intratesticular vascular pressure and found that 
subtunical testicular capillaries were sensitive to increase in 
venous pressure.[49] With such derangement of intracapillary 
pressures, the hydrostatic and oncotic pressures that regulate 
the osmotic regulation of metabolic products could be 
compromised.

Another consequence of increased venous pressure involves 
delayed vascular drainage. Radioisotope and retrograde 

venography studies have demonstrated delayed vascular 
washout in men with varicoceles.[22,50,51] Such venous 
stasis likely contributes to thermal regulatory defects 
and accumulation of toxins thought to play a role in the 
pathophysiology of varicocele. 

As mentioned above, another possible consequence of 
altered venous blood flow due to varicoceles involves 
derangements in testicular blood flow. Using the dog model, 
studies showed that testicular blood flow increased after 
surgically induced varicoceles after only three months 
and returned to normal after repair.[38] Similar studies in 
the rat model showed increased testicular blood after only 
one month.[38,39,52] Investigators have postulated that such 
an increase in testicular blood flow could overwhelm the 
testicular countercurrent thermal exchange system leading 
to testicular hyperthermia.[38]

In contrast, other studies have showed decreased testicular 
blood flow in the rat model of varicocele when measured 
up to four weeks postoperatively.[53] A similar decrease in 
blood flow was found in the primate model at five months 
postoperatively but gradually returned to normal over a 
two-year period.[54] Human studies have not shown such 
differences in blood flow.[5]

Hormonal imbalance
Several studies have suggested that infertile patients with 
varicoceles have lower serum testosterone concentrations, 
leading to the hypothesis that varicoceles may alter 
Leydig cell function. Animal models of varicocele have 
demonstrated reduced serum testosterone levels in dogs 
and decreased intratesticular testosterone levels in rats.[55,56] 
Moreover, Rajfer noted decreased levels of 17,20-desmolase 
and 17α-hydroxylase in a rat model of varicocele, suggesting 
that testosterone synthesis itself may be compromised.[44]

While some reports have suggested that serum testosterone 
levels are lower in men with varicoceles, other reports have 
questioned such claims.[57,58] Certain groups have attempted 
to identify specific men with varicoceles most at risk for 
low testosterone levels, such as men over 30.[59] In 1992, 
the results of a World Health Organization (WHO) multi-
center study of varicoceles concluded that men over the age 
of 30 with a varicocele had lower serum testosterone levels 
compared to men under 30 with a varicocele.[59] As such a 
pattern is not seen in men without varicoceles, the WHO 
concluded that a varicocele represents a progressive lesion 
with a time-dependent effect on Leydig cell function.

The true androgen-mediated affect of the varicocele, 
however, may relate more to the intratesticular testosterone 
concentration rather than serum level. Rajfer and colleagues 
noted a decrease in intratesticular testosterone in the rat 
varicocele model, while no effect was noted on serum 
androgen levels.[44] Indeed, intratesticular levels of 
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testosterone are higher than serum levels.[60] The androgen 
receptor may also play an important role in the impairment 
in spermatogenesis caused by a varicocele.[4] Defects in 
the androgen-mediated pathway may make a man more 
sensitive to alterations in the intratesticular hormonal milieu 
compromised by a varicocele.[4,25]

Despite lower serum testosterone levels in men with 
varicoceles, the androgen levels of men with varicoceles 
do remain within most laboratories’ normal values .[57,61] 
Investigators have suggested that Leydig cell hyperplasia may 
compensate for individual Leydig cell impairment. [62] Others 
have suggested that Leydig cell numbers are decreased as well 
as demonstrating histologic changes in cell morphology with 
a varicocele.[25] Some studies have also looked to the pituitary 
response to gonadotropin-releasing hormone as a more 
sensitive test of Leydig cell function, arguing that men with 
a larger release of LH or FSH in response to GnRH  are more 
likely to show clinical improvement after varicocelectomy.[63] 

The effect of varicoceles on Sertoli cell function has also been 
assessed. Changes in serum inhibin B levels are controversial, 
with contrasting findings of both elevated and reduced 
levels in several studies.[64,65] However, one group reported 
impaired expression of Sertoli cell E-cadherin and alpha-
catenin proteins in men with varicoceles, postulating a 
compromise in the blood-testis barrier.[66]

Controversy also exists as to whether varicocelectomy can 
reverse such endocrinopathies with some investigators 
suggesting an improvement of hormonal derangements, 
while others failed to show any difference between pre and 
postoperative values.[5,67,68]

Toxic substances
Studies have implicated both intrinsic and extrinsic 
substances as possible culprits in the pathophysiology of 
varicocele. An accumulation of endogenous substances 
from the renal or adrenal circulation have been posited to 
impair testicular function. Indeed, venography in men with 
varicoceles demonstrates an increase in venous reflux in men 
with varicoceles, which may contribute to an accumulation 
of metabolic products from the renal or adrenal venous 
circulation.[69,70] Some investigators have postulated that 
higher concentrations of catecholamines from the adrenal 
circulation could lead to testicular vasoconstriction and thus 
impaired testicular blood flow; however, the lack of any 
other adrenal products found in abnormal concentrations 
in the varicocele testis argues against such a hypothesis.[71,72]

A well-studied exogenous toxic agent known to affect 
spermatogenesis relates to smoking.[4] Cigarette exposure 
negatively impacts semen parameters in men.[73] Similarly, 
in rat varicocele models, nicotine exposure impaired 
spermatogenesis.[74] Cadmium has also recently garnered 
increased attention as a possible explanatory agent in the 

pathophysiology of varicocele. Cadmium workers and 
cigarette smokers are known to have increased serum levels 
of cadmium. Interestingly, men with varicoceles may have 
seminal cadmium levels as high as those from smokers.[75]

Cadmium exposure and its accumulation are known to 
impair spermatogenesis, sperm function and lead to impaired 
reproductive potential in men.[76] Oral administration of 
cadmium to rats led to impaired sperm count and motility as 
well as germ cell apoptosis and Leydig cell dysfunction. [25,77] 
Investigators have found evidence that cadmium levels 
predict impaired testicular function in men with varicoceles 
and can help predict responsiveness to varicolectomy.[25,78]

Evidence suggests, furthermore, that genetics influence 
murine susceptibility to testicular damage by cadmium. 
Differential expression of the zinc transporter ZIP8 
apparently fuels this difference, which may provide a 
biologic explanation as to why varicocele affects men 
differently.[79]

Reactive oxygen species 
Production of reactive oxygen species (ROS) is necessary for 
normal sperm function via intracellular signal transduction 
where it facilitates capacitation, the acrosome reaction, and 
attachment to the oocyte.[80,81] While a balance normally exists 
in the seminal plasma between ROS production and removal, 
pathologic conditions can lead to an excess production 
of ROS. [82,83] Such an accumulation of ROS can result in 
peroxidation of sperm membrane lipids, altering sperm 
morphology and motility.[82,84] Indeed, there is an inverse 
relationship between semen ROS and sperm motility.[85]

While most studies show that seminal ROS levels are higher 
in men with varicoceles than controls, others have questioned 
the association between varicoceles and ROS levels.[86-88] 
Experimental evidence shows that the administration of 
oral antioxidants (i.e. glutathione, carnitine) can improve 
semen parameters in men with varicoceles, suggesting the 
importance of ROS in the varicocele’s pathophysiology.[89-91]

Similar to other proposed mechanisms, the damaging 
effects of hypoxia may be exacerbated by cofactors within 
individual patients. Genetic and lifestyle factors may 
predispose patients to more severe damage from a varicocele. 
For example, patients with deletions in the antioxidant 
glutathione S-transferase M1 enzyme display elevated levels 
of 8-hydroxy-2’-deoxyguanosine in their sperm DNA, have 
deletions in mitochondria DNA, and have impaired sperm 
motility.[92] Genotypes of the glutathione S-transferase 
enzyme have also been shown to predict clinical benefit 
from varicocelectomy.[93] In addition, alterations in sperm 
membrane fatty acid composition associated with varicoceles 
may also increase susceptibility to ROS-induced damage.[94] 
Cigarette smoking may also exacerbate oxidative sperm 
damage.[95]
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CONCLUSIONS

There is evidence that many factors are responsible for 
the pathology of varicoceles’ apparent deleterious effect 
in clinical practice. While experiments and observations 
in humans and animals have increased our understanding 
of possible mechanisms of the varicocele’s testicular insult, 
more work remains. It is also important to note the emerging 
evidence that lifestyle and genetic factors play a role in 
predicting which patients will manifest a clinical phenotype 
as a result of a varicocele and who will benefit from surgical 
repair.
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