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To establish the extent of varicocele as the cause of infertility in men and compare the various techniques 
of treatment.  
We searched PubMed and the Cochrane Library database using varicocele, male infertility, varicocelectomy 
as keywords. 
Varicocele seems to be a growing problem considered to be one of the most common causes of male 
infertility in recent times. Nevertheless, its role remains unclear. The best treatment option seems to be 
microscopic surgery – the most effective and linked to rare surgical complications. But the greatest clinical 
problem remains the selection of patients to treat – recently it is believed that varicocelectomy is a pos-
sibly advisable option in patients with clinical varicocele and seminal parameter impairment [1].
More high-quality, multicenter, long-term randomized controlled trials (RCT’s) are required to verify  
the findings.
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INTRODUCTION

The World Health Organization (WHO) defines in-
fertility as the inability to achieve pregnancy within 
12 months of regular intercourse for couples in con-
ception [2]. Male infertility is a growing problem 
in developed countries all around the world. It is  
estimated that one in seven couples in the UK  
experience some difficulty conceiving at some point 
in their reproductive study. Sixteen percent of cou-
ples will fail to conceive after 1 year of attempts.  
Infertility affects 13–20% of couples in Poland [3].  
It is estimated that the male factor of couple in-
fertility is between 25–50% [2] with a mean value 
around 30% [3]. The pattern of infertility in Poland 
shows an increase in the rate of the male factor 
(57.8%) and a decrease in the rate of the female fac-
tor (7.72%). The cumulative male factor frequency 
was calculated as 76%, while the female was 26% 
[4]. Demographic data on UK fertility rates pro-

vides evidence to suggest that male infertility  
is increasing. This, however, may be the result of in-
creasing publicity of available treatments and thus 
may reflect an increasing willingness of couples  
to seek advice and treatment [3]. 
Causes of male infertility are usually classified into 
three groups [3]: 
1)  Pretesticular
 a) Hypothalamic disease – Kallmann syndrome
 b) Pituitary disease – tumors, radiation, surgery,  

 hyperprolactinemia, anabolic steroids, hyper /  
 hypothyroidism

2)  Testicular
 a) Congenital – Klinefelter syndrome, Noonan  

 syndrome, cryptorchidism
 b) Acquired – injury, surgery, varicocele, systemic  

 disease (renal failure) chemotherapy, testicu- 
 lar tumors

 3)  Post – testicular
 a) Congenital – CF (Cystic Fibrosis)
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 b) Acquired – vasectomy, infections (Chlamydia) 
 c) Immunological
 d) Sexual dysfunction – erectile, ejaculatory func- 

 tion, diabetes, multiple sclerosis, 

Epidemiology

The most common cause of male infertility is varico-
cele – a surgically correctable or at least improvable 
form of infertility. They are present in 15% of the 
normal male population and in up to 40% of patients 
with male infertility. It is believed to be the cause  
of up to 35% of primary infertility and 69-81%  
of secondary infertility [5]. The causes of varico-
cele are multifactorial, but at the end the result  
is a pathological dilatation of the veins draining  
the testicles [6]. 
Harrison after inducing varicocele in monkeys con-
firmed that increased pressure on the venous side 
of testicular capillary beds decreases blood flow  
and might be the cause of testicular damage.  
The most significant changes were observed in the 
left testis (with induced varicocele), but the contra-
lateral testis was also affected [7]. Elevated tem-
perature due to the induced varicocele decreased 
sperm concentration, motility grade, motile and 
living spermatozoa count leading to infertility  
in rabbits [8]. Bilateral intratesticular decreases  
in testosterone concentrations within weeks after 
the varicocele induction was proved in rat models 
[9]. A similar phenomenon with an accompanying 
normal testosterone concentration in peripheral 
plasma is observed in humans. Wang studying the 
mechanism of varicocele induced infertility inves-
tigated the expression of the α subunit of hypoxia  
– inducible factor (HIF-1α) willing to determine  
the apoptosis index (AI) in varicocelised rat testes. 
Bilateral testicular hypoxia and increased germ cell 
apoptosis can be caused by left- sided varicocele 
leading to testicular dysfunction [10]. 
With a regard to the ethical aspects, invasiveness 
and population, the variable status of the varicocele, 
age and fertility, it is difficult to design similar stud-
ies in humans. Because of that the precise mecha-
nism through which varicocele impairs male fertil-
ity still remains uncertain. Hypotheses implicating  
the reflux of renal/adrenal toxic metabolites, testicu-
lar hypoxia due to venous stasis, hormonal dysfunc-
tion, hypertension in the internal spermatic veins, 
and increase in the testicular temperature delineates 
the current understanding of the pathophysiology. 
The effect of varicocele is induced by the elevation 
of temperature due to the reflux of warm abdominal 
blood, which leads to the reduction of testosterone 
synthesis in Leydig cells, as well as the reduction  

in the function of Sertoli cells [11]. The scrotal tem-
perature reduces in infertile men after varicocelec-
tomy [12].
Recently, several studies suggested an association 
between oxidative stress and impaired sperm func-
tion in patients with varicocele, as evidenced by the 
increased levels of reactive oxygen species (ROS) and 
reduced antioxidant capacity [2, 13]. These parame-
ters may lead to increased DNA damage such as DNA 
fragmentation connected to reduced fertilization  
in both normal fertilization and assisted reproduc-
tive techniques [14]. In a meta-analysis by Agarwal 
it was suggested that oxidative stress-induced injury 
was one of the main causes of varicocele related in-
fertility [15, 16].
Although a Cochrane database suggested no bene-
fit of varicocele treatment in relation to a couple’s 
chances of conception compared with control sub-
jects, this meta-analysis included patients with sub-
clinical varicocele or normal semen analyses [17, 18].  
Ficarra in 2006 reviews recent (in 2006) available 
RCT’s giving critical opinion about the studies – em-
phasizing heterogeneity and poor methodological 
quality [1].
Abdel-Meguid A. et al. [19] was aware of the contra-
indicatory findings in multiple trials and so designed 
a prospective, non-masked parallel-group RCT 
measuring pregnancy rate (PR), changes of semen 
parameters and adverse events. Outcomes of PR 
achieved 13.9% at control arm and 32.9% of varico-
cele treated patients. This trial reached the number 
needed to treat (NNT) 5.27 patients. 
Finally in the Marmar et al. [20] study, after iden-
tification of the 101 studies relevant in the subject, 
only 5 were included due to meeting the require-
ments. In the meta- analysis, a 33% pregnancy rate 
was reported in patients who underwent the surgical 
treatment of varicocele in comparison to the 15.5%  
PR in the control groups receiving no treatment 
[21]. NNT was 5.7. These studies prove superior-
ity of varicocelectomy over observation at level 1b 
evidence. Due to this fact varicocele is nowadays 
recognized as the most surgically correctable cause  
of male infertility. 

Treatment

There are several surgical techniques for the vari-
cocele treatment. That includes embolization (in-
terventional radiology), open non – microsurgical, 
laparoscopic and microsurgical techniques. Each  
of these techniques has been well described in the lit-
erature, including the advantages and disadvantages 
and so because of that it is from the clinical point 
of view worth establishing which of these seems  
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to be the best. When comparing all these techniques 
it is important to take under consideration param-
eters such as: pregnancy rates, postoperative com-
plications such as hydrocele formation, recurrence  
or persistence (in recent meta-analysis semen quality 
improvement is rarely taken under consideration). 
Before surgical intervention may be considered basic 
diagnostic rules should be obeyed. Routine evalua-
tion of infertile men with varicocele should include 
a medical and reproductive history, physical exami-
nation (incl. digital rectal examination – prostatitis) 
and a minimum of two semen analyses [6]. Indica-
tions for varicocele treatment are: Grade II (palpable 
varicocele), couple known infertility, females correct 
fertility (or treatable cause of infertility), abnormal 
semen quality. Some authors suggest that all of the 
four criteria must be met to qualify a patient for sur-
gical treatment [6].
The best treatment option for varicocele should be 
to include higher seminal improvement and PR with 
low complication rates (recurrence, persistence hy-
drocele formation, atrophy of the testis). Therefore, 
the ideal technique should aim for the ligation of all 
internal and external spermatic veins with preserva-
tion of spermatic arteries and lymphatics [22]. 
Cayan reports the highest spontaneous pregnancy 
rate after microsurgical techniques – 41.97%, in com- 
parison to the Palomo technique (open non-micro 
technique) – 36% and 30.07% with laparoscopic 
approach [22]. Overall recurrence rates is 14.97%  
in the Palomo technique (2.63% – Ivanissevich), 1.5% 
in microsurgery and 4.3% in laparoscopy [22]. Hy-
drocele – the most common long time surgical com-
plication – forms most commonly after the Palomo 
techniques – ca 8%, 2.8% after laparoscopy and only 
in 0.4% after microsurgical intervention. Diegidio re-
ports similar data on PR 44.75% after subinguinal 
microsurgical intervention, 34.21% – after Palomo, 
31% after embolization and 27% after laparoscopy, 
respectively [6]. 
Studies suggest that varicocele repair significantly 
increases sperm parameters – sperm concentration, 
motility and total motile sperm count. What is more 
is that varicocelectomy is considered to have a posi-
tive effect on Leydig cell function, improving serum 
testosterone levels [19, 23, 24]. This effect is rare-
ly included in recent meta-analyses because of the 
lack of the studies on this subject and no universal 
comparison techniques. In addition, spontaneous 
pregnancy rate is considered the best indicator to as-
sess fertility status. Only a few recent studies report 
pre- and postoperative hormone levels, especially 
the testosterone level. All of these [24, 25, 26] report 
a significant increase after surgery. Campbell and 
Walsh (Urology 10th edition) suggested that varico-

celectomy might improve semen analysis in 60-80% 
of men [27]. Microsurgical varicocelectomy results  
in the return of sperm in the ejaculate in up to 60% 
of azoospermic men with palpable varicocele. The re-
sults in varicocelectomy are also related to the size  
of the varicocele. The repair of large varicocele re-
sults in a significantly greater improvement in the 
semen quality than repair of small varicocele. 

Surgical options 

Apart from statistics each of the highlighted tech-
niques has its own advantages and disadvantages 
(Table 1). 
Palomo – probably the least challenging, low cost 
technique does not allow the ligation of the external 
gonadal vessels and external spermatic vein (second-
ary cause) which seems to be the cause of recurrence  
and/or persistence of varicocele after surgical treat-
ment (estimated to be between 11% and 15%) [21]. 
There are two modifications of this technique – the 
inguinal (Ivanissevich) and subinguinal approaches. 
The subinguinal approach benefits with preserving 
the muscle layers and inguinal canal; however, it is 
also technically challenging due to the greater number 
of spermatic veins and arteries below the ring. Modi-
fications of these techniques consist of the injection  
of dye into the lymphatics and in addition the Doppler 
test in order to improve the recognition of vessels. 
Laparoscopy enables higher magnification (than 
other non- micro techniques) – this allows for the 
identification and preservation of the internal sper-
matic artery and lymphatic vessels which is consid-
ered to prevent testicular atrophy and minimize hy-
drocele formation. On the other hand, this method 
does not allow for the approach to the external sper-
matic veins which are considered to be the second 
cause of varicocele. What is more is that this tech-
nique is still considered to be fairly invasive (due to 
the general anesthesia with complete control over 
the respiratory system). Besides it requires some  

Pregnancy rate Recurrence Hydrocele 
formation

Open surgery 33.57-37.6%

5.51-14.97% 
(Palomo)

2.63% 
(Ivanissevich)

8.24-9.09% 
(Palomo)

7.3% 
(Ivanissevich)

Laparoscopy 30.07-40.4% 4.3–6.1% 2.84%

Microsurgical 41.97-50.9% 0-1.05% 0.44%

Radiological 
embolization 31.93-33.2% 4.29-12.7%

Not available 
– not typically 

seen

Table 1. Outcomes of different surgical treatment options
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After 3 months, 26 cases (47.2%) of Group I and  
11 cases (39.2%) of Group II had improvement  
in semen quality. After 6 months, there was an im-
provement in the semen quality in 32 cases (58.2%)  
in Group I and in 15 cases in Group II (53.5%).  
According to this data laparoscopic varicocelectomy 
in older men can achieve improvement in semen 
quality comparable to relatively younger patients. 
Zini [31] compared 115 men aged 40 years and older 
and 466 men younger than 40 years with clinical 
varicocele and infertility. All patients underwent mi-
croscopic varicocelectomy done by the same surgeon. 
There were no significant differences in the baseline 
sperm parameters and in spontaneous pregnancy 
rates after varicocelectomy in couples with advanced 

laparoscopic experience from the surgeon (learning 
curve) – due to the technique itself and the most 
challenging part – differing vessels. It also has a risk 
of intestinal and major vascular injuries during nee-
dle or trocar insertion. In present review, 7.6% of the 
patients had major complications with laparoscopic 
varicocelectomy [22].
Microsurgical varicocelectomy seems to have only 
one disadvantage – operation duration which is sig-
nificantly longer than other surgical techniques that 
require training. What is more is that the micro-
scope is now brought into the operating field in order  
to improve the ability in differing arteries, veins 
and lymphatic vessels (Figure 1) which is considered  
to significantly decrease the incidence of hydrocele 
formation, testicular artery injury (and testicular  
atrophy) and recurrence (Figure 2). 
Lately, the discussion over the role played by artery 
sparing during surgical approaches has returned. 
Fast et al. (2013) [28] reports that after 41 laparo-
scopic artery sparing varicocelectomies there was 
no testicular atrophy, but surprisingly there was 
an increase in the rate of persistency/recurrence  
of varicocele (12.2% vs. 5.4%). Due to the small num-
ber of patients and lack of other RCTs, more investi-
gation is needed on this subject [28].

Guidelines

The most up to date 2014 EAU guidelines have been 
published. According to this, the varicocele treat-
ment should be considered in cases of a clinical vari-
cocele, oligospermia, infertility duration of ≥2 years 
and otherwise unexplained infertility in the couple 
(level of evidence: A). On the other hand, there  
is no evidence indicating any benefit from varico-
celectomy in infertile men who have normal se-
men analysis or in men with subclinical varicocele  
– in such situations treatment is not recommended 
(level of evidence: A) [29].

Varicocele treatments in different age groups

Infertility problems are nowadays more often seen 
in older patients due to social changes. A wor-
thy discussion seems to be the cut- off line of age 
when the varicocele should be offered as an infer-
tility treatment option. El-Shazly [30] compares 
two age groups of patients with clinically detectable 
bilateral varicocele and accompanying infertility  
– 83 patients; Group I (55 patients) with the age rang-
ing from 25 to 40 years, and Group II (28 patients) 
with the age >40 years (range 41–53 years). In all 
cases laparoscopic varicocelectomy was performed. 
The only parameter compared was semen quality. 

Figure 1. Microsurgical varicocelectomy. Spermatic cord deliv-
ered to the operative field just before introducing microscope 
(own material).

Figure 2. Microsurgical varicocelectomy. Veins after isolation 
and suture ligation. Identified spermatic artery – marked with 
a different colour suture (own material). 
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and less hydrocele formation are the most important 
advantages of this technique [6] especially with the 
help of a microscope. 
The role of varicocelectomy still remains unclear. 
Available RCT are heterogeneous and due to this  
it is hard to draw conclusions leading to the creation 
of clearer guidelines. Ficarra et al. [1] suggests that 
varicocele repair remains an advisable option in pa-
tients with clinical varicocele and seminal parameter 
impairment, whose female partners do not show any 
obvious gynecological causes of infertility [1].
Prospective randomized studies with a large num-
ber of patients, uniform semen and clinical test are 
needed to clarify the role of varicocele, the surgical 
treatment and what is most important – to the abil-
ity to draw out the group of patients to whom such  
a treatment could bring benefits.
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paternal age (40 years or older) compared with the 
younger couples (49% vs. 39%, respectively). Hsiao 
[32] included in his retrospective study 272 patients 
with varicocele – 85 over 40 years old. Data con-
firms that subinguinal microsurgical varicocelecto-
my is associated not only with significant increases  
in sperm concentration and total sperm count,  
but in the serum testosterone level as well, across  
all age groups studied. 

DISCUSSION 

Male infertility becomes a more often seen clinical 
problem not only by urologists, but gynecologists as 
well, due to the fact it is a couple problem. Varico-
cele is the most common male infertility cause which 
is surgically treatable. While multiple surgical ap-
proaches exist, microsurgical treatment has been 
shown to be the most efficacious and cost-effective. 
Higher pregnancy rates, lower varicocele recurrence 
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