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COMMENT

Varicocele is a frequent finding, identified in 15% of the male general population and, among
those with infertility, the prevalence is around 35% for primary infertility and 80% for secondary in-
fertility (1, 2). This pathology can be defined as an abnormal tortuous dilation of internal spermatic
veins and pampiniform plexus in spermatic cord. Some risk factors such as age, height, lifestyle habits
are associated with the presence of varicocele, however it seems that an increase of body mass index
decreased risk of varicocele (3). The early diagnosis and treatment aim to avoid the possible progressive
duration-dependent reduction in testicular function, demonstrated as impaired semen parameters, low
testosterone (TT) levels and increased sperm DNA fragmentation levels, particularly stress-induced sperm
DNA damage (1, 4, 5).

Many hypotheses have been proposed to explain the consequences of varicocele in testicular
function, such as testicular hyperthermia, hypoxia, hormonal dysfunction, decreased blood flow, back-
flow of metabolites from the adrenal gland, impairment of Leydig cells (6-8). Furthermore, Weiss et al.
reported a reduced testosterone synthesis in individuals with varicocele (9). Another study suggests that
Leydig cell hyperplasia, commonly seen in patients with varicocele, is a compensatory reaction to Leydig
cell dysfunction and impaired testosterone synthesis (10).

In men presenting with both hypogonadism and varicocele, the stimulation of hypothalamic-
-pituitary-gonadal axis with gonadotropins or clomiphene citrate is feasible. If combined with varico-
celectomy, the serum levels of TT can be further improved. However, the real benefit of this treatment
remains unclear (11, 12). The treatment of the varicocele will at least stop possible further varicocele-
-induced testicular damage and, in a majority of men, lead to improved semen parameters (13), enhanced
Leydig cell function in association with increased TT levels and as a consequence, improved quality of
the semen due to the reduction in DNA damage (10, 14).

The present review compiles the effects of varicocelectomy in men with hypogonadism on TT
serum levels.

MATERIALS AND METHODS

We selected articles published from 1975 to 2022. Studies were obtained using PubMed.
The search terms “varicocele”, “hypogonadism” and “testosterone level” were used as filters. The
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language of publication was set only to English.
In total, 595 potential articles were found.
Through screening of titles and abstracts, 36
articles were identified. After full-text reading,
15 original studies and 2 meta-analyses were
included in this review (Figure-1).

RESULTS

Several studies demonstrated that varico-
cele might be associated with decreased testos-
terone production and impaired sperm synthesis,
corroborating with the hypothesis that varicocele
may be linked with hormonal dysfunction. The
first study published by Comhaire et al. in 1975
demonstrated that 10 of the 33 men with vari-
cocele analyzed had decreased testosterone levels
and erectile dysfunction, and both symptoms were
improved in those submitted to surgery (12). In
1978 Rodriguez-Rigau et al. reported that indivi-
duals with varicocele and normal serum levels of
TT submitted to varicocelectomy showed decrea-
sed Leydig cell counts on testicular biopsy (15).

Su et al. reviewed the effect of varicocelec-
tomy on TT levels in 53 men and showed a mean
TT level increase from a preoperative level of 319

Figure 1 - Flow chart of screened and excluded publications.

(+12 ng/dL) to 409 (+23 ng/dL) in the post ope-
ratory period (p<0.0004). These findings demons-
trated a direct positive correlation of varicocelec-
tomy with spermatogenic function (16).

In 1999, Cayan et al. analyzed the effects
of varicocelectomy on FSH and TT levels. They
retrospectively evaluated 78 infertile patients who
underwent microsurgical inguinal varicocelec-
tomy. The mean FSH levels decreased from 15.21
mlIU/mL to 10.82 mIU/mL after surgery, and mean
TT levels increased from 563 ng/dL (+ 140) to 837
ng/dL (+ 220) (17).

Pierik et al. demonstrated the impact of
varicocelectomy on serum inhibin B levels, TT
levels, FSH and LH levels. Within the 30 men
analyzed, there were no significant changes in
serum levels of FSH, LH and testosterone levels,
but, instead, a significant increase in inhibin
B was observed, from 133.9 (+ 13.4 pg/mL) to
167.8 (+ pg/mL) (18). Similarly, Di Bisceglie et
al. performed sclerotherapy in 38 patients with
varicocele and compared inhibin B and FSH le-
vels with 40 untreated patients with varicoce-
le. A significant increase (p < 0.01) in serum
inhibin B levels and a significant decrease (p <
0.05) in FSH levels were observed at 6 months
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after treatment. However, there was no signi-
ficant increase on TT levels (660 ng/dL before
procedure and 650 ng/dL after) (19). Likewise,
Ozden et al. studied thirty men presenting with
varicocele and infertility associated with oli-
goasthenospermia. All hormone analysis were
performed preoperatively and at a 6-month
postoperative follow up. There was no statis-
tically significant difference between the mean
serum FSH, luteinizing hormone (LH), prolactin
and testosterone levels before and after treat-
ment (p > 0.05). However, they showed a sig-
nificant improvement in sperm concentration,
forward progressive motility, and serum inhibin
B levels after treatment (p < 0.05) (20). Further-
more, Rodriguez Pefia et al. studied the effects
of varicocelectomy in hormone levels and se-
minal parameters in 202 patients. They did not
find any difference between pre and post ope-
rative on TT levels (preoperative 648 + 156 ng/
dL, post operative 709 + 232 ng/dL) (21).

Gat et al. performed a study on internal
sperm vein embolization in patients with varico-
cele and reported that mean serum TT concentra-
tion rose after embolization by 43%, from 12.07
to 17.22 nmol/L (p < 0.001). Also, the author de-
monstrated a significant decrease in the mean se-
rum FSH levels, improving Leydig and Sertoli cell
functions (22).

Lee et al. evinced that the mean TT levels
of 18 men submitted to microsurgical varicoce-
lectomy and vasectomy increased from 348 ng/dL
preoperatively to 416 ng/dL postoperatively (23).

In 2011, Zohdy et al. analyzed 141 in-
fertile men with varicocele. They compared the
International Index of Erectile Function score
(ITEF-5) and total serum testosterone. The pa-
tients were divided into two groups according
to surgical intervention; 103 individuals were
submitted to varicocelectomy and 38 were the
control group (assisted reproduction procedu-
res). They showed that the serum TT significan-
tly increased from 379.1 + 205.8 before vari-
cocelectomy to 450.1 + 170.2 ng/dL 6 months
after and the IIEF-5 increased from 17.1 + 2.6
in the initial visit to 19.7 + 1.8 after the sur-
gery. Interestingly, there was a non-significant
negative correlation between the mean change
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in TT and the mean change in IIEF-5 in the
control group (24).

Hsiao et al. retrospectively reviewed 272
patients who underwent subinguinal microsur-
gery varicocelectomy between 1996 and 2009 and
compared serum TT levels before and after treat-
ment. Patients who had baseline TT lower than
400 ng/dL had a greater increase in serum levels
(309 + 7.4 to 431 + 16.2 ng/dL, p 0.001). And this
elevation occurred even in individuals over 40 ye-
ars old. (25).

Tanrikut et al. measured preoperative TT
levels in 325 men with palpable varicocele and
in 510 men with vasectomy reversal without va-
ricocele who served as a control group. The TT
level increased significantly from 358 + 126 ng/dL
to 454 + 168 ng/dL after varicocelectomy. Within
the subgroup of patients with postoperative TT le-
vel improvement, the mean increase was 178 ng/
dL. Also, they evidenced that varicocele was a risk
factor for androgen deficiency and the microsur-
gical repair increased hormonal levels (26).

Sathya Srini et al. evaluated 200 men diag-
nosed with clinical varicocele. They were divided
into two groups, one submitted to microsurgical
varicocelectomy and the other to assisted repro-
duction procedures. The group that underwent
surgery had an increase in mean TT (177 + 18 ng/
dL before varicocelectomy to 301 + 43 ng/dL after)
and in testicular size (+ 1.508 cc) that was associa-
ted with mean TT change. Out of the 100 patients
of the varicocelectomy group, 78 had postoperati-
ve normalization of TT levels, while only 16 of the
control group had the same outcome (27).

Abdel-Meguid et al. performed a prospec-
tive controlled study in 171 men divided into four
groups: varicocele-infertile treatment group, va-
ricocele-infertile control group, varicocele-fertile
treatment group and the normal-control group.
They compared TT levels at 6 and 12 months. Sig-
nificantly lower hormonal level was evidenced in
men with varicocele compared with normal men.
Varicocelectomy increased TT levels in 102.3 ng/
dL among hypogonadal men, however showed no
improvement in eugonadal men (28).

Najari et al., in 2016, analyzed 34 patients
retrospectively who had undergone microsurgical
varicocelectomy and had both pre and post-ope-



rative Male Sexual Health Questionnaire (MSHQ).
Most men in the study had bilateral varicocele
and left grade III varicocele. Significant improve-
ment in the total MSHQ score (3.9 + 8.7, p=0.027),
the MSHQ erectile function (1.2 + 2.3, p=0.007),
and the MSHQ ejaculatory function (1.4 + 3.1,
p=0.018) domains were seen. Fifteen (44%) men
reported improvement in their erectile function
and 18 (53%) noticed better improvement in eja-
culatory function. The mean baseline testosterone
level in the 20 men who had post-operative levels
assessed was 379.4 + 164.7 ng/dL and post-ope-
ratively mean TT level increased to 515.3 + 231.6
ng/dL (p=0.007) (29).

Ji et al. conduced a prospective comparati-
ve study from 2014 to 2015, comparing 130 men
who had varicocele and complained of either in-
fertility or scrotal pain, and 130 controls. All par-
ticipants were further classified based on hypogo-
nadism status using a serum testosterone cut-off
value 300 ng/dL. They could see a correlation of
grade II and III varicocele with an increased risk of
hypogonadism as well as a correlation of impaired
sexual function with TT levels (30).

Recently, Saylam et al. retrospectively
analyzed 202 infertile men with hypogonadism
and varicocele who underwent microsurgical sub-
-inguinal varicocele repair. Their hormonal and
sexual function after surgery were assessed. Mean
serum TT levels increased from 255 + 66 ng/dL
to 372 + 134 ng/dL (p = 0.000), while serum FSH
(p=0.198), LH (p=0.207) and prolactin (p=0.345)
levels did not significantly change from pre to
post-operative period. Also, IIEF-EF score signi-
ficantly increased from 27.47 + 2.96 (15-30) to
28.61 + 2.02 (18-30), after surgery (p=0.000) (31).

Bernie et al. compared men who un-
derwent varicocelectomy versus testosterone the-
rapy in patients in their 5th and 6th decades of
life, and those submitted to the procedure impro-
ved as much as younger men. For those with TT
< 400 ng/dL larger changes in serum testosterone
with baseline normal levels were observed. Also,
the improvement may not be clinically meanin-
gful and may not be enough to improve symptoms
in some men (32).

A meta-analysis done by Chen et al. in
2017, included eight studies and 712 patients who

underwent varicocelectomy. The mean TT levels
of patient’s post-operation improved by 34.3 ng/
dL (p < .00001) compared with their pre-operative
levels. In a subgroup analysis, TT improvement in
hypogonadal men was more significant (improve-
ment of 123 ng/dL, p<.00001) than in eugonadal
men, or in the untreated controls. In an analysis of
surgery versus untreated controls (three studies in-
cluded), results showed that mean testosterone le-
vels among hypogonadal men increased by 105.65
ng/dL, favoring varicocelectomy, as the between
groups difference was statistically significant (p <
.00001). There were insignificant differences in the
eugonadal control group (p = 0.36) (33).

Another recent meta-analysis conducted
by Russo et al. comprised fifteen studies, nine
were retrospective and six observational. They
showed that the mean difference of TT levels was
statistically significant in men before and after
varicocelectomy (mean difference = 106.76 ng/dL;
p < 0.0001). Although a high heterogeneity was
present among the studies (34).

Below, we summarized on Table 1 all the
studies in this review, reporting the effects of va-
ricocelectomy in total serum testosterone level in
hypogonadal men.

DISCUSSION

Herein, the evidence that the surgical cor-
rection of varicocele improves the TT levels is seen
in many studies and is corroborated by recent
meta-analysis published. As we can observe, an
increase of around 106 ng/dL could be achieved
by the microsurgical technique (33, 34).

Furthermore, varicocele seems to cause
pantesticular injury that leads to an impairment
of both Sertoli and Leydig cell function, resulting
in hypogonadism and altered seminal parameters
and spermatogenesis. Whereas adequate intrago-
nadal TT levels are necessary to ensure spermato-
genesis (35). For example, Sirvent et al. analyzed
testis biopsies from 31 men with varicocele. In
addition to the atrophy of seminiferous tubules,
they observed multiple changes in the characte-
ristics of the Leydig cell population. Curiously,
men with varicocele had Leydig cell hyperplasia.
Sirvent et al. went further by functionally testing
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Table 1 - Literature studies evinced the correlation between microsurgery varicocelectomy and serum testosterone levels.

Author Year Study type  N. of patients ~ Surgical Approach  Mean pre-op TT Mean post-op TT
(nd/dL) (nd/dL)
Su et al. (16) 1995 0 53 Microsurgical 319£12 419+ 23
Cayan et al. (17) 1999 R 78 Microsurgical 563 + 140 837 £ 220
Pierik et al. (18) 2001 0 30 Conventional 460 + 160 470 £190
Di Bisceglie et al. (19) 2007 0 38 Sclerotherapy 660 + 50 650 + 50
Ozden et al. (20) 2008 0 30 Conventional 660 + 130 720 £130
Rodriguez Pena etal. (21) 2009 0 202 Conventional 648 + 156 709 + 232
Lee et al. (23) 2007 0 18 Microsurgical 360 + 191 416 + 358
Zhody et al. (24) 2011 0 141 Microsurgical 379 £205.8 450 £ 170.2
Hsiao et al. (25) 2010 R 272 Microsurgical 3097 431 +£170
Tanrikut et al. (26) 2011 R 325 Microsurgical 2007 454 + 168
Sathya Srini et al. (27) 2011 0 200 Microsurgical 177 £ 18 301 £43
Abdel-Meguid et al. (28) 2014 0 28 Microsurgical 233.8+50.7 3275532
Najari et al. (29) 2016 R 34 Microsurgical 379.4 £164.7 515.3 +231.6
Jietal. (30) 2016 0 260 Microsurgical 310179 669 + 180
Saylam et al. (31) 2020 R 202 Microsurgical 255 + 66 372 £134

0 = Observational; R = Retrospective.

the expanded population of Leydig cells with the
peroxidase-antiperoxidase method and demons-
trated a decreased number of cells expressing tes-
tosterone. It is interesting that all men had normal
peripheral levels of LH and testosterone, leading
to conclude that men with varicoceles must com-
pensate via Leydig cell hyperplasia in order to re-
main eugonadal (36).

Also, some trials demonstrated the impro-
vement in seminal parameters such as motility,
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sperm concentration and Total Motile Sperm Count
(TMSC) (20, 31) after correction of varicocele. The
benefit related to improvement of FSH and LH le-
vels remains uncertain (18, 19, 21, 31). On the other
side, when the erectile function was analyzed, data
show that IIEF was significantly improved by the
correction of varicocele in infertile men. Conse-
quently, these results must be interpreted cautiou-
sly given the complex interplay between infertility
and sexual dysfunction (37, 38).



CONCLUSION

Varicocele is associated with an important
impairment in men’s testicular function, a decre-
ased testosterone production and a significantly
increased risk for hypogonadism. Infertile men
presenting with hypogonadism may benefit subs-
tantially from varicocelectomy in terms of posto-
perative improvements in hormonal and seminal
parameters. Nevertheless, the modest rise of TT
levels may not manifest clinically, and patients
must be counseled not to have high expectations.
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