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and laboratory work‑up are necessary. Serum total testosterone 
measurement should be obtained on two different occasions between 
07:00 and 11:00 in the morning. Total testosterone is the most widely 
accepted serum levels to establish the presence of hypogonadism. 
There are no generally accepted lower limits of normal. However, it 
is a general agreement that total testosterone level above 350 ng dl−1 
does not require treatment or intervention. Clinician should be 
aware of the risk factors for hypogonadism, which include chronic 
illnesses (including diabetes mellitus, inflammatory arthritic, renal, and 
HIV), obesity, and metabolic syndrome. Such chronic diseases should 
be investigated and treated. When pituitary etiology is suspected, 
measurements of serum LH will differentiate between primary and 
secondary hypogonadism, and serum prolactin is indicated when the 
serum testosterone is extremely low.6

VARICOCELE PATHOPHYSIOLOGY
Varicocelectomy was first utilized for the management of infertile 
men in the late 1950s.7 Since then, multiple studies have associated 
with varicocele to testicular dysfunction.8 Testicular atrophy is 
usually associated with the ipsilateral side of the varicocele. Testicular 
biopsies before and 1 year after the varicocele repair showed significant 
improvements in the appearance of seminiferous tubules after surgery.9 
These testicular milieu and ultrastructure alterations are implicated by 
the varicocele as a causal factor to these changes, and the improvement 
of ultrastructural of the testicle following varicocelectomy may argue 
for varicocele treatment.

Impairments in testicular function resulting from varicocele are 
thought to be related to increased testicular temperature, leading to 
detrimental effects on spermatogenesis, impaired Sertoli cell function, 

INTRODUCTION
Varicocele is dilation of the veins of the pampiniform plexus draining 
the testicle. Varicoceles are found in 15% of all men. Of those, 19%–41% 
will present with primary infertility and 45%–81% will present with 
secondary infertility.1 Varicocele can adversely affect testicular function 
in a variety of ways. Varicoceles have long been identified as the most 
common reversible cause of male infertility.2 Varicocele has also been 
associated with testicular discomfort, testicular atrophy, and even 
azoospermia in some men.3 The majority of men with varicoceles are 
asymptomatic and fertile.4 However, among those who are affected, 
the evidence for the impact of varicocele on male fertility continues 
to grow. Given the progressive nature of the effects of varicocele on 
both spermatogenesis and testosterone production,3 early repair can 
be advocated as it is easier to prevent future infertility and androgen 
deficiency than to treat it after it has occurred. Growing evidence 
suggests that the pathophysiology of varicocele might partially involve 
dysfunction of the hypothalamic–pituitary–gonadal axis at the level 
of Leydig cells and lead to hormonal dysfunction.5 Therefore, current 
challenges in the management of varicoceles lie in determining which 
patients stand to benefit most from surgical correction in setting of 
low testosterone. Although the prevalence of isolated hypogonadism in 
men with varicocele is not well defined, the effect of surgical repair on 
the changes in the serum testosterone level is mainly evaluated in men 
who underwent surgery for other indications such as infertility. In this 
review, we summarize the most recent literature linking varicocele to 
hypogonadism and sexual dysfunction and the ramification of surgical 
repair on testosterone levels.

In men who present with clear symptoms of low testosterone 
and suspected of hypogonadism, a thorough physical examination 
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abnormal testicular‑protein metabolism, and decreased testicular 
Leydig cell production of testosterone.10 Elevated intratesticular 
temperature has also been reported in men with varicocele and 
infertility.11,12 It is also suggested that the dilation of the pampiniform 
plexus can lead to prolonged testicular exposure to gonadotoxins from 
reflux of renal and adrenal metabolites.13 Varicocele has been associated 
with the increase of the reactive oxygen species (ROS) production and 
decrease of the all over quantitative levels of antioxidant capacity.14 
Oxidative stress markers have been measured in internal spermatic 
venous blood of patients with clinical varicocele, and there was a 
distinct increase of these markers within the spermatic veins that can 
cause protein nitration and cytotoxicity via its reaction with various 
molecular targets. This could explain some of the repercussions on 
both sperm and testis function, including testosterone production.15,16

In addition to the effect of varicocele on germ cells and the 
spermatogenesis, varicoceles have a detrimental impact on other 
testicular cell types as well. Sertoli cell dysfunction can be detected by the 
decrease in the responsiveness to follicle stimulating hormone (FSH), 
and by alterations in androgen binding protein (ABP) and inhibin‑B.17,18 
In the setting of varicocele, 48%–76% of men with elevated FSH will 
have improvement in these parameters following varicocelectomy.19,20 
Inhibin B levels also often improve after varicocelectomy, suggesting a 
reversible Sertoli cell defect.21,22

Similar to the hypothesis regarding varicocele and its 
pathophysiological impact on spermatogenesis, increase in the 
testicular temperature may also negatively affect testosterone 
synthesis.23 The effect of varicocele on serum testosterone suggests 
Leydig cells at the epicenter of this phenomenon. Men with varicocele 
were observed to have Leydig cell structural changes, Leydig cell 
atrophy, and notable decreases in the quantity of testosterone positive 
Leydig cells.24 Animal studies have demonstrated marked decrease in 
the activities of the five enzymes that are pertinent for testosterone 
biosynthesis pathway, with marked inhibition in the production of 
androgen by the testis following creation of an experimental varicocele 
in rats at the 17,20‑desmolase step.10 Varicocele has been implicated 
in altered function of 17 alpha‑hydroxyprogesterone aldolase, which 
converts 17‑hydroxyprogesterone to testosterone. The increase in the 
testicular temperature could have a negative effect on the enzyme’s 

action, thus resulting in decreased testosterone production.25 Other 
studies have confirmed the alteration of the biosynthesis pathway 
in men with varicocele with evidence of inhibition of testicular 
C17–20‑lyase activity.26

VARICOCELE AND LOW TESTOSTERONE LEVELS
The progressive negative effect of varicocele on Leydig cell function 
is evidenced by several reports that demonstrate an association 
between varicocele repair and increase in serum testosterone 
levels in humans  (Table  1). Retrospective review of the effect of 
varicocelectomy on testosterone levels in infertile men with varicoceles 
showed a significant increase in serum levels after repair. Men with 
at least 1 firm testis preoperatively had the greatest increase in serum 
testosterone postrepair.27 A significant positive correlation between 
the improvement of the total testosterone levels and the testicular 
size was noticed in other studies as well.28,29 This suggests that after 
varicocelectomy, the testicular tissue will improve in function. 
Therefore, early varicocelectomy is advocated to prevent progressive 
loss of testicular volume.30

Varicocelectomy leads to improvement in the serum testosterone 
level in  >80% of patients, with a mean increase between 100 and 
140  ng dl−1.31,32 Although surgical repair of a greater clinical grade 
varicocele has been shown to result in greater improvement in semen 
parameters, clinical grade as well as varicocele vein diameter is not 
associated with the improvement in serum testosterone level.28,29,32

The prevalence of varicocele increases with age since venous valves 
become less competent due to changes with aging walls. It is also 
well‑documented that the prevalence of hypogonadism increases with 
age. In older men who develop a varicocele and hypogonadism, the 
benefit of varicocelectomy on serum testosterone levels is related to 
patient age. Men in the fifth and sixth decades of life who underwent 
varicocelectomy for low serum total testosterone improved as much 
as younger men. Men with total T <400 had larger changes in serum 
testosterone levels than in men with more normal testosterone levels.33

Although multiple studies have demonstrated that varicocelectomy 
improves Leydig cell function and serum testosterone levels, some 
studies did not find significant increases in testosterone level after 
surgery.34 Although some studies observed a significant association 

Table 1: Summary of the reported literature

Author and year Age (years) Patients  
(n)

Follow-up 
(months)

Preoperative 
T ng dl−1 (s.d.)

Postoperative 
T ng dl−1 (s.d.)

Significant Reason for repair

Su et al. (1995)27 35 (22–57) 53 3 319 (12) 409 (23) P<0.0004 Infertile men

Cayan et al. (1999)20 29.5 (21–40) 78 12 563 (140) 837 (220) P<0.01 Abnormal semen analysis

Hsiao et al. (2011)33 35.6 (s.d. 0.4) 106 (T <400)b 9 309 (7.4) 431 (170.2) P<0.001 Multiple indications

Pierik et al. (2001)18 35.5 (29–41) 30 3 460 (160) 470 (190) NSa Infertile men

Fujisawa et al. (2001)21 32.5 (24–42) 52 6 542 (31) 571 (25) NSa Oligozoospermia

Sathya Srini and Belur 
Veerachari (2011)28

30.04 (s.d. 4.9) 100 12 177 (18) 301 (43) P<0.0001 Infertile

Lee et al. (2007)37 39.6 (NA) 18 3 360 (191) 416 (358) P=0.25 With vasectomy

Di Bisceglie et al. (2007)17 28 (16–43) 38 6 660 (50) 650 (50) NSa Infertility

Zohdy et al. (2011)35 33.8 (s.d. 6.1) 103 6 379 (206) 450 (170) P=0.0001 Infertility and clinical varicocele

Ozden et al. (2008)42 24 (NA) 30 6 660 (130) 720 (130) NSa Infertility

Rodriguez Pena et al. (2009)34 23.5 (15–35) 202 6 648 (156) 709 (232) NSa Testicular pain or asymptomatic

Tanrikut et al. (2011)31 36 (s.d. 8) 200 (lab available)c 3–12 358 (126) 454 (168) P<0.001 Palpable varicocele

Hsiao et al. (2013)32 36.4 (s.d. 1) 59 1 month–3 years 308 (15) 418 (15) P<0.001 Mix (low T, infertility, pain)

Gat et al. (2004)29 35.1 (s.d. 6.68) 83 12 348 (175) 497 (243) P<0.001 Infertility

Abdel-Meguid et al. (2014)36 31.7 (s.d. 6.2) 66 6–12 months 347 (153) 399 (99) P=0.004 Infertility versus control
aNot statistical significant; bStatistically significant in men only with total testosterone below 400 ng dl−1; cNot all patients that underwent a varicocele had a testosterone levels available. 
s.d.: standard deviation; NA: not available
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between testosterone levels, semen analysis profile, and testicular 
volume, these associations were not always consistently reported.34 
After varicocele repair, an increase in serum testosterone was associated 
with a significant decrease in the mean serum FSH levels, reflecting 
improved Sertoli and Leydig cell functions.29 In some studies, the 
varicocele treatment did not show any marked changes in the serum 
total testosterone levels, but an increase in the serum inhibin B levels 
was demonstrated, indicating improvement in spermatogenesis and 
Sertoli cell function.17,18 The preoperative serum inhibin B concentration 
did not reliably predict a response to varicocelectomy. However, the 
changes in serum inhibin B concentration after varicocelectomy might 
be helpful in evaluating improvement in seminiferous tubules function 
before and after varicocelectomy.21

The magnitude of the increase in the serum testosterone levels after 
varicocelectomy is usually not the same in all men. Hypogonadal men 
with total testosterone <300 ng dl−1 seemed to have more significant 
increase, whereas this trend was not observed in men with total 
testosterone >300 ng dl−1, despite the considerable improvement in 
sperm parameters in this subgroup.27,29,31,35,36 These observations suggest 
that improved spermatogenesis might have a mechanism other than 
increased testosterone production, such us changes in the inhibin‑B 
and FSH as discussed earlier. Moreover, classification of men based 
on their preoperative total testosterone may explain variation in the 
testosterone levels improvement between different studies. Many 
studies that failed to demonstrate the positive change in the serum 
testosterone level following varicocelectomy did not characterize 
patients with low preoperative serum testosterone.

A study compared men with varicocele and infertility who 
underwent repair to infertile men with varicocele without treatment, 
men with varicocele but were fertile, and normal men (no varicocele no 
infertility). At a 6‑month follow‑up, testosterone levels were improved 
significantly after varicocele repair compared with no repair. The 
postvaricocelectomy men demonstrated levels comparable to those of 
fertile men with varicocele. The latter finding raises a question as to 
whether improved serum testosterone is related to improved fertility 
potential. However, the improved postvaricocelectomy testosterone 
levels did not achieve levels comparable with those of normal fertile 
men without varicoceles,36 suggesting that some of the testicular 
damage and decrease in the function might not be reversible and early 
detection and repair might be important in these patients.

Men with varicocele and hypogonadism should be offered surgical 
repair, even when future fertility is not an issue, such as men seen 
for vasectomy.37 A discussion should include all treatment options, 
including testosterone replacement, anti‑estrogens, and aromatase 
inhibitors. The risks associated with testosterone replacement therapy 
should be discussed.38 The treatment options should be considered in 
the framework of the cost and the patient’s preference, the need for 
future testosterone replacement therapy (TRT), and desire for future 
fertility. Although varicocelectomy might not increase the testosterone 
levels in certain men, especially in men with total testosterone 
over 300 ng dl−1, it will preserve testicular function and prevent the 
decline in testosterone levels. Men with varicocele should also be 
counseled after surgical repair that they might still require testosterone 
supplementation to help alleviated symptoms of testosterone deficiency.

VARICOCELE AND ERECTILE FUNCTION
Very few studies have evaluated the association of varicocele and 
erectile dysfunction (ED). In a study that performed a population‑based 
analysis to evaluate these associations after stratifying by age, the 
youngest men with ED were found to have the strongest magnitudes 

of association with varicocele  (OR: 5.2, CI: 3.27–8.28; P < 0.001). 
Increasing age demonstrated a decreasing trend in the magnitude of 
association when compared with matched controls, except for those 
aged between 60 and 69 and those over 69 years. Men who underwent a 
varicocelectomy still shared an association with ED (OR: 1.92, CI: 1.52–
2.43), but the magnitude of that association was significantly weaker 
than it was for untreated varicocele patients (OR: 3.09, CI: 2.67–3.49; 
P < 0.001).39 Similar studies observed an increase in the International 
Index of Erectile Function (IIEF‑5) score in patients with varicocele and 
serum testosterone lower than 300 ng dl−1. After varicocelectomy, there 
was a significant positive correlation between the mean change in total 
testosterone and the mean change in IIEF‑5 (r = 0.629, P < 0.0001).35

Some studies have reported premature ejaculation to be significantly 
associated with varicocele (29.2% vs 24.9% in subjects with or without 
varicocele, respectively; P < 0.05).40 In addition, 60%–70% of men with 
varicocele and infertility reported hypoactive sexual desire,35,40 and this 
can be attributed to low serum testosterone associated with varicocele. 
With this association, one also has to keep in mind the negative impact 
of infertility on sexual desire and sexual function.41 The associations 
detected in this study between varicocele, varicocelectomy, and 
sexual function can be explained through overlapping elements of the 
pathogenesis of varicocele and its subsequent morphologic changes, 
and the etiologic and prognostic factors of ED. Perhaps the strongest 
factor contributing to the association between ED and varicocele is 
the varicocele‑generated perturbation of the hypothalamic–pituitary–
gonadal axis.

CONCLUSION
Accumulating evidence suggests that varicocele is a risk factor for 
androgen deficiency. The exact pathophysiology of the negative effects 
of varicocele on Leydig cell function is not well understood. A review 
of the literature demonstrates that microsurgical varicocelectomy 
improves testosterone levels in men with varicocele.
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