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Abstract | Infertile men are frequently affected by physical abnormalities that might be detected on routine 
general and genital examinations. These structural abnormalities might damage or block the testes, 
epididymis, seminal ducts or other reproductive structures and can ultimately decrease fertility. Physical 
deformities are variable in their pathological impact on male reproductive function; some render men totally 
sterile, such as bilateral absence of the vasa deferentia, while others cause only mild alterations in semen 
parameters. Concise and up-to-date information regarding the contemporary epidemiological characteristics, 
clinical features and pathophysiological impacts of these common abnormalities on male fertility is crucial for 
the practicing urologist to identify the best treatment option.
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Introduction
Physical deformities of the male reproductive tract are 
structural abnormalities that can damage or block the 
testes, epididymis, seminal ducts, or prostatic utricles 
and ultimately decrease fertility. These deformities differ 
in their pathological impact on male reproductive func-
tion; some render men totally sterile (such as bilateral 
absence of the vasa deferentia) while others produce only 
mild alterations in semen parameters (such as hydro-
cele). Other physical abnormalities, such as inguinal 
hernia, may not result in male infertility directly, but are 
commonly associated with other fertility-threatening 
conditions. Moreover, surgical repair of inguinal hernia 
can also result in male infertility. For the practicing 
urologist, it is important to identify deformities so that 
adequate treatment can be instituted promptly.

In this Review we will describe a number of common 
deformities of the male reproductive tract that either 
commonly occur in infertile men or are potentially 
associated with male infertility. We will describe dis-
orders of the testes, scrotum, epididymis, vasa deferentia, 
ejaculatory ducts and prostate, and will discuss how they 
negatively affect male fertility, providing a brief outline 
of the available treatment options. Penile abnormalities 
(including hypospadias, epispadia, phimosis, and penile 
deviation) are outside the scope of this article, and will 
not be discussed.

Testicular disorders
Cryptorchidism
Cryptorchidism is the absence of one or both testicles 
from their normal scrotal position, which is predomi-
nantly due to failure to descend through the normal 
anatomical pathway. Although cryptorchidism is one 
of the most common congenital abnormalities of the 
male reproductive system,1 its prevalence is a matter 

of controversy. Recent reports indicate an increase in 
prevalence over the last 10–15 years, particularly in 
industrialized countries. Older studies reported that 
cryptorchidism affected nearly 3% of all full-term male 
infants2 and 7.5–30% of premature infants, who are at 
higher risk because the testes descend in the last tri-
mester of pregnancy.3,4 Because testicular descent can 
also occur within the first 3 months of life—attributed to 
a brief period of endogenous testosterone secretion—the 
prevalence of cryptorchidism in 1-year-old infants tends 
to be lower, previously reported at 0.8–1.0%.5 However, a 
recent epidemiological study in the UK has demonstrated 
that in the period between 2001 and 2008 the prevalence 
of cryptorchidism at birth was 5.3% for full-term infants, 
and 14% for preterm infants.6 Despite a reduction in the 
high initial prevalence of the condition among full-term 
infants to 2.4% at 3 months, a surprising subsequent rise 
to 6.7% was recorded at 12 months. This rise is explained 
by the emergence of new cases of acquired cryptorchid-
ism, also known as testicular ascent (see later). Similarly, 
the prevalence of cryptorchidism at birth in Denmark 
between 1997 and 2001 has increased from 1.8–2.0% to 
9%.7 However, a small prospective cohort study from a 
single institution in Denmark examined the prevalence 
of cryptorchidism among 1,094 boys from birth to the 
age of 4 years, and failed to show any difference in the 
prevalence of cryptorchidism from previous reports.8 
Surprisingly, the condition has been observed in 0.5–
0.6% of adult men, as reported from several countries, 
including Hungary and Jordan.9,10

The cause of such a rise in incidence of cryptorchidism 
is partly attributed to increased detection of acquired 
cryptorchidism and partly to the increased prevalence of 
congenital cases. Environmental factors such as maternal 
exposure to smoking and endocrine disruptors (plasticiz-
ers, fertilizers, industrial exhausts) have been implicated 
in the rise of congenital crypt orchidism. The etiology of 
cryptorchidism is thought to be multifactorial and it is 
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usually not possible to verify a specific cause. Virtanen 
et al.11 have hypothesized that cryptorchidism is a vari-
able manifestation of testicular dysgenesis syndrome.11 
This theory is based on epidemiological studies that 
revealed a high incidence of testicular cancer in countries 
with high frequencies of cryptorchid ism, hypospadias 
and poor semen quality. Although epidemiological evi-
dence exists to support this theory, full molecular analy-
sis and genetic linkage have not been critically analyzed 
and the issue remains unresolved.

Cryptorchidism can be categorized as isolated or syn-
dromic (Box 1). Isolated cryptorchidism is observed 
in approximately 85% of affected patients and can be 
further divided into congenital or acquired subtypes. 
Congenital type is usually diagnosed at birth based on 
the failure of testicular descent. Acquired cryptorchid-
ism is a relatively new concept, denoting the upward 
ascent of testicles from their normal scrotal location, 
and should be carefully differentiated from secondary 
ascent of the cryptorchid testis after orchiopexy, which 
is known as recurrent cryptorchidism. The underlying 
mechanism of acquired cryptorchidism is not entirely 
understood. Hypotheses include failure of the sper-
matic cord to elongate concurrently with growth in 
body height, and partial involution of a patent proces-
sus vaginalis resulting in the formation of a fibrous cord. 
The exact prevalence of acquired cryptorchidism in 
young boys is still under investigation, and current data 
indicate that its prevalence is variable among different 
develop mental ages. Acerini et al.6 reported prevalences 
of 0.7%, 4.0%, 1.3% and 1.0% at 3, 12, 18 and 24 months, 
respectively,6 whereas Sijstermans et al.12 demonstrated 
prevalences at 6 years, 9 years and 13 years of 1.2%, 2.2% 
and 1.1%, respectively.12 These data do not support an 
age-related increase in incidence of acquired crypt-
orchidism; however, by taking into account the varia-
tion in height of individuals at these ages, an association 
between increased rate of growth in height and acquired 
cryptorchidism might be assumed. Spontaneous testicu-
lar descent is likely to occur in patients with acquired 
cryptorchidism during early puberty owing to the related 
testosterone surge.

In syndromic cryptorchidism, undescended testes 
are a sign of a specific condition, such as disorders of 
the hypothalamic–pituitary–gonadal axis or syndromes 
of testosterone secretion and action. Syndromic crypt-
orchidism can also occur in association with lax abdomi-
nal wall musculature and reduced abdominal tension, in 
conditions such as prune belly syndrome, gastroschisis 
and bladder exstrophy.

While it is well known that cryptorchidism—whether 
syndromic or isolated, congenital or acquired—can result 
in low sperm concentration, low sperm count and infertil-
ity, the extent of damage varies according to a number of 
factors, including testis location, temperature, hormone 
levels and associated structural anomalies (Box 2).

Location of the testes is crucial to fertility status; 
the higher the testes, the higher the risk of infertil-
ity. Therefore, patients with abdominal testes are at the 
greatest risk of infertility.13,14 In a study of children with 

Key points

 ■ Physical deformities of the male reproductive tract are physically evident 
structural abnormalities that can damage or block the testes, epididymis, 
seminal ducts and other reproductive structures

 ■ Paternity rates in men with a unilateral undescended testicle are similar to 
those of healthy men, whereas those who have undergone bilateral orchiopexy 
for cryptorchidism have a paternity rate of 46–65%

 ■ Clinical presentations of infertile men with previous testicular torsion include 
unilateral or bilateral anorchia, unilateral testicular atrophy, oligozoospermia, 
oligoasthenoteratospermia and nonobstructive azoospermia

 ■ Unilateral or bilateral clinical varicocele is associated with defective endocrine 
and exocrine testicular and epididymal functions as well as sperm dysfunction

 ■ Incidence of hydrocele in infertile men is 3.2%, constituting the third most 
common ultrasonographically-detected scrotal abnormality after varicocele and 
epididymal cyst

 ■ Infertility among men with autosomal polycystic kidney disease is common and 
has multiple pathologies

uni lateral cryptorchidism, it was demonstrated that the 
undescended testis had a higher temperature than the 
contralateral testis.15 Accordingly, studies on experimen-
tal cryptorchidism in monkeys have demonstrated that 
elevated undescended testicular temperature results in 
immaturity and functional alteration of Sertoli cells—
the essential nurturing and supporting cells for sperm. 
High temperatures can also impair the integrity of the 
blood–testis barrier and induce germ cell apop tosis.16,17 
Oxidative stress has been postulated as an important 
mediator of thermal damage to testicular tissue.

Infertility has also been attributed to insufficient 
development of type A dark spermatogonia (sperm 
progenitor cells) from the gonocytes.18 The production 
of these spermatogonia is testosterone dependent19 and 
it is hypothesized that lack of the brief testosterone rise 
after birth (postnatal minipuberty) might underlie this 
defective transformation in boys with cryptorchidism. 
Furthermore, Wolffian duct anomalies and urogenital 
nonunion abnormalities have been reported in associa-
tion with cryptorchidism. Vasal and epididymal agenesis, 
segmental atresia, long looping epididymis and non fusion 
or incomplete fusion between the epi didymal caput 
and rete testis have been noted in 35–68% of boys with 
cryptorchidism.20,21 Such anomalies are more commonly 
observed in children with bilateral and non palpable 
cryptorchid testes, and might jeopardize the transport of 
already insufficiently produced sperm (Box 2).

Box 1 | Types of cryptorchidism

Isolated cryptorchidism (85%)
 ■ Congenital
 ■ Acquired

Syndromic cryptorchidism (15%)
 ■ Caused by hypothalamic and pituitary abnormalities, such as Kallmann 

syndrome, isolated hypogonadotropic hypogonadism and Prader–Willi syndrome
 ■ Disorders of testicular testosterone secretion, such as Klinefelter’s syndrome, 

testicular dysgenesis syndrome, Noonan syndrome and congenital adrenal 
hyperplasia

 ■ Disorders of testosterone action, such as androgen insensitivity syndrome
 ■ Congenital disorders that result in poor development of abdominal musculature 

and lack of muscle tension, such as gastroschisis, omphalocele, bladder 
exstrophy and prune belly syndrome
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Other important factors that influence infertility are 
whether cryptorchidism is unilateral or bilateral and 
whether orchiopexy is performed before 3 years of age. In 
one study, half of men presenting with unilateral crypt-
orchidism had a normal sperm concentration compared 
to only 25% of those with bilateral cryptorchidism.22 
Analysis of semen from men with untreated bilateral 
cryptorchidism revealed that affected men were more 
likely to have azoospermia and higher levels of testicular 
germ cell apoptosis than men with untreated unilateral 
cryptorchidism.23,24 Moreover, 44–100% of men with 
treated bilateral cryptorchidism have been reported to 
have a low sperm count (<20 million cells/ml), as well 
as sperm with poor motility and abnormal morphology, 
and more than 50% are azoospermic.1

Generally, three important parameters are assessed 
to examine fertility potential in men with a history of 
cryptorchidism: semen quality, paternity rate and time 
to conception (Table 1). However, the predictive power 
of semen analysis is not absolute and men with mild-
to-moderate oligozoospermia are often able to achieve 
pregnancy. On the other hand, men with normal semen 
parameters have only a 60% chance of paternity.25 Thus, 
paternity rates and time to conception are more demon-
strative of reproductive problems among men with 
cryptorchidism than semen quality. Although men with 
a unilateral undescended testicle (treated or untreated) 
often have abnormal semen parameters, their paternity 
rate is similar to men with bilateral normal testes.26 On 
the other hand, in men with bilateral cryptorchidism 

who underwent bilateral orchiopexy before they were 
3 years of age, the paternity rate varies between 46% 
and 65%, with a longer time to conception than con-
trols (33.9 months versus 8.8 months; P = 0.0003).27,28 
Lee et al.29 calculated relative infertility risk in men with 
treated bi lateral cryptorchidism and found that these 
men are six times more likely to be infertile than men 
in the general population.29 Although early orchiopexy 
improves the paternity rates and semen analyses of 
men with previous bilateral cryptorchidism, its role in  
uni lateral cryptorchidism is less important.

In terms of treatment, the current consensus—based 
on better fertility rates and lower incidence of testicu-
lar cancer—is to perform early orchiopexy at 6 months 
old for children with unilateral or bilateral undescended 
testes.30 For palpable undescended testes in the ingui-
nal region, open inguinal exploration and orchiopexy is 
advised. For abdominal testes, laparoscopic exploration 
with orchiopexy or orchiectomy is performed based on 
the severity of testicular damage. Hormonal therapy is 
generally less successful than the other forms of therapy.30

As mentioned previously, men with a unilateral unde-
scended testis are usually fertile, although a significant 
portion of them may have oligozoospermia. Infertility 
in these men should raise the suspicion of associated 
bilateral epididymal nonfusion abnormalities, presence 
of syndromic cryptorchidism and its underlying endo-
crinopathy, or other complicating factors that affect sperm 
production in the normally descended testis, such as vari-
cocele, adverse environmental factors, trauma, infection 
and hormonal defects. If identification and correction of 
an evident etiology does not result in a marked improve-
ment in semen parameters, the next step is to use assisted 
reproductive techniques. In the presence of severe oligo-
zoospermia (sperm count less than 5 million cells/ml),  
the physician may advise sperm cryopreservation and 
in vitro fertilization (IVF) or intracytoplasmic sperm 
injection (ICSI) using fresh or frozen sperm. Similarly 
for men with nonobstructive azoospermia and previ-
ous unilateral orchiopexy, identification of the etiologies 
mentioned above and treatment may help in the return of 
sperm to the ejaculate. Otherwise, sperm retrieval from 
the normal testis and IVF or ICSI is recommended.

For men with a history of bilateral orchiopexy, unas-
sisted paternity is reported in up to 65% of patients.31 
Semen retrieval and IVF or ICSI are used to achieve 
pregnancy for men with moderate or severe oligo-
zoospermia. Successful testicular sperm extraction from 
azoospermic men with history of bilateral orchiopexy is 
reported in up to 60% of cases, which is comparable to 
sperm retrieval rates in men with nonobstructive azoo-
spermia due to other reasons.32 An azoospermic adult 
man presenting with unilateral or bilateral undescended 
testes should undergo orchiopexy, which is reported to 
result in return of sperm to the ejaculate and sponta-
neous pregnancy.33 When orchiopexy is considered in 
adults and children, frequent examination of the replaced 
testis is of paramount importance to detect any abnormal 
nodularity, irregularity or mass that might raise suspicion  
of testicular cancer.

Box 2 | Mechanisms of infertility in cryptorchidism

Effects on germ cells
 ■ Heat-induced oxidative stress*
 ■ Pachytene spermatocytes and spermatids undergo apoptosis
 ■ Spermatogonia show signs of cell cycle arrest and thermotolerance*
 ■ Reduction in the number of type A dark spermatogonia and spermatogonia B, 

the essential progenitor of sperm in the abdominal testes

Effects on Sertoli cells
 ■ Morphological and functional alterations
 ■ Reversion to immature and dedifferentiated stage in the cryptorchid testis, and 

thus loss of its supportive role in spermatogenesis
 ■ After heat stress, increased expression of cytokeratin 18, liver receptor 

homolog-1 and intermediate filaments*
 ■ After heat stress, decreased expression of androgen receptor and junction-

associated proteins such as zonula occludens-1 and occludin*
 ■ No apoptosis is seen in Sertoli cells
 ■ The above changes result in disruption and an increase in the permeability of 

the blood–testis barrier and henceforth loss of its protective role

Effects on Leydig cells
 ■ Relatively resistant to the effect of heat
 ■ Other mechanisms underlie the finding of low testosterone level in men with 

bilateral cryptorchidism

Effects on Wolffian duct
 ■ Vasal and epididymal agenesis
 ■ Nonunion or incomplete fusion between epididymal tubules in the caput and 

the rete testis
 ■ Segmental atresia in the vasa deferentia and the epididymis
 ■ Long looping of the epididymis and increased vulnerability to injury during 

orchiopexy
*In experimental animal models.
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Microorchidism
Development of the testes is characterized by dramatic 
dynamic growth changes between birth and puberty. 
Newborn boys normally have testes that measure about 
1 ml in volume. During the first 2 months of life, the testes 
enlarge owing to the brief postnatal testosterone surge, 
and then shrink slightly, remaining about 1–2 ml until the 
onset of puberty.34 Testis enlargement is the first sign of 
puberty in boys, and progressive growth characterizes the 
subsequent pubertal stages.35 The most striking change 
is the increase in seminiferous tubule diameter (from 
50 μm to 200 μm) owing to enhanced germ cell prolifera-
tion. The normal average volume of a single adult testis is 
18 ml36 with a normal range of 12–30 ml.37

Microorchidism is a congenital or acquired condi-
tion in which testicular volume is less than two standard 
deviations below the mean for healthy boys at a specific 
age and developmental stage.38 Low testicular volume 
can be due to either the testes failing to grow (testicu-
lar hypoplasia) or regressive changes after normal size 
has been reached (testicular atrophy). Microorchidism 
can be unilateral or bilateral, and can affect prepubertal 
and postpubertal male patients. Unilateral hypoplastic 
testis is uncommon at birth and is usually the result of a 
partial or complete antenatal ischemic event.39 Bilateral 
hypoplastic rudimentary testes are often associated with 
congenital syndromes such as Klinefelter syndrome and 
Prader–Willi syndrome, and with abnormalities of the 
hypothalamic–pituitary–gonadal axis.40,41 Testicles also 
fail to grow in patients with cryptorchidism and in ado-
lescents with large varicoceles. 19.0%, 28.6% and 38.0% 
of boys with cryptorchidism have smaller than normal 
testes at puberty stages P3, P4 and P5, respectively,42 
and 33–55% of boys with large varicoceles have small 
ipsilateral testes.43–45 Rare cases of mixed gonadal dys-
genesis can present with a male phenotype and unilateral 
hypoplastic testis. Testicular atrophy, on the other hand, 
affects the scrotal testis secondary to a wide array of 
causes such as testicular torsion, previous hernia repair 
with partial vascular compromise, administration of  
anabolic steroids, and radiation.46

Diagnosis of microorchidism is readily achieved 
clinically via palpation and orchidometer and is con-
firmed by scrotal ultrasonography. Decreased testicular 
size, whether unilateral or bilateral, is correlated with 
impaired spermatogenesis, and bilateral micro orchidism 
(the most commonly observed) results in sterility.46 

Testicular size relates closely to sperm count and mor-
phology because the seminiferous tubules and germinal 
elements make up nearly 80% of testicular volume.47 
Adult testes consist of two major compartments: the 
interstitial compartment, which constitutes 15–20% of 
testicular volume, and the tubular compartment (com-
posed of germ cells and Sertoli cells) that forms about 
60–80% of testicular volume. Although Sertoli cells 
account for only 35–40% of seminiferous tubule epithe-
lium, they are the major determinant of testis size. The 
final number of mature Sertoli cells in the adult testis 
is established by fetal, neonatal and peripubertal pro-
liferation with a relatively low rate of apoptosis.48 Each 
cell supports a species-specific number of proliferating 
germ cells—10 germ cells in humans.49 As such, adult 
testis size, spermatogenesis and sperm output are ulti-
mately based upon the number of mature Sertoli cells. 
Abnormal testicular size can be noted in both prepuber-
tal and pubertal male patients, although identification 
of such abnormalities at birth may not be an accurate 
prediction of testicular size in adulthood. Management 
of patients with microorchidism is based on treating the 
underlying pathology.

Polyorchidism
Polyorchidism is an extremely rare congenital anomaly 
marked by the presence of one or more extra testes, 
thought to result from either duplication of the meso-
dermal ridge or premature division of the ridge into two 
or more elements, each of which has the potential to 
form a testis.50 The observation that both normal and 
ipsilateral extra testes have a common proximal blood 
supply51 and the finding of a bilobed testis as a result of 
incomplete separation of the genital ridge, support this 
theory. The supernumerary testis usually has a separate 
vas deferens and epididymis, although a common vas 
deferens has been reported. Over 100 case studies have 
been recorded in the literature.52

Singer et al.53 originally classified polyorchidism into 
two types based upon anatomical and functional prop-
erties of the extra testis.53 In type 1 polyorchidism—
accounting for 90% of cases—the supernumerary testis 
is attached to the draining seminal ducts (epididymis and 
vas deferens) and has reproductive potential. The extra 
testis in type 2 polyorchidism has no such attachment 
and has no reproductive potential. Each of these types 
can be further subdivided into Group A and Group B 

Table 1 | Semen analyses, paternity rates and time to conception among men with cryptorchidism

Cryptorchidism Oligozoospermia (%) Azoospermia (%) Normal semen 
analysis (%)

Paternity rate (%) Time to conception 
(months)

Unilateral

Untreated 47259 7–1722,260 55–95261,262 80–90263,264 11.1265

Treated 21–64259,260 7–1722,260 55–95261,262 80–90263,264 11.1265

Bilateral

Untreated 5–1023 8923 NR NR NR

Treated 31–6522,262 32266 25–30260,262,267 48–6531 33.9265

Abbreviation: NR, not reported.
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according to whether the extra testis is in the scrotum 
(referred to as orthotopic or intrascrotal) or outside the 
scrotal sac (known as ectopic or cryptorchid), respec-
tively.53 Since then, a new classification model has been 
proposed by Bergholz et al.54 based on the presence 
and character istics of the functional outflow tract.54 
According to this model, type A indicates that the super-
numerary testicle has an outflow seminal duct (vas def-
erens), and is further divided into A1 (testis has its own 
vas deferens and epididymis), A2 (testis possesses its own 
epididymis but shares a common vas deferens with ipsi-
lateral adjacent testis), A3 (shares a common epididymis 
and vas deferens with neighboring testis) and A4 (shares 
a common epididymis with other testis but has a separate 
vas deferens). Extra testes that lack a vas deferens are 
denoted Type B, and can be further subdivided depend-
ing on whether the testes has an epididymis (B1) or  
not (B2).54

Clinically, triorchidism is the most common presen-
tation. Most cases are discovered incidentally during 
evalua tion of men with undescended testes, inguinal 
hernia or infertility. Approximately 75% of affected 
patients have a painless intrascrotal mass. Testes are 
inguinal in 20% of patients, and retroperitoneal in 5%.55 
Men aged 15–25 years are mostly commonly affected,56 
and left-sided polyorchidism is three times more  
predominant than right-sided polyorchidism.56

Although polyorchidism is a reported cause of vasec-
tomy failure and testicular tumor,57 infertility is also a 
common finding in affected men. Histological evaluation 
reveals that 37% of men with polyorchidism have tubular 
atrophy, a Sertoli cell pattern (without Leydig cells) or a 
lack of spermatogenesis.58 The etiology of polyorchidism- 
related infertility is unknown; however, abnormal sper-
matogenesis, in both the extra testis and normal testis, 
may be attributed to embryonic genital ridge insult result-
ing in abnormal testicular development or recurrent 
postnatal vascular compromise of the normal testis. Both 
homolateral testes (the extra and the normal testes) might 
experience recurrent vessel kinking and torsion episodes, 
owing to high incidence of bell clapper deformity (high 
insertion of tunica vaginalis on spermatic cord), abnor-
mal testicular vasculature and aberrant seminal duct  
connections to the ipsilateral testis.59

Abnormal testicular germ cell development and pro-
liferation have been studied by Francesco et al.,60 who 
performed histochemical analysis on the testes from a 
patient with A1 triorchidism (according to the Bergholz 
model). The investigators found that the lower normal 
testis had lower expression of Sertoli cell marker CD99, 
fewer spermatogonia, and fewer germ cells than the 
upper extra testis.60 Moreover, significant levels of hypo-
spermatogenesis and germ cell apoptosis have been 
demonstrated in the lower testis, compared with upper 
ipsilateral testis, as evidenced by reduced c-kit immuno-
labeling in seminiferous tubules—a receptor protein that 
mediates the proliferative and antiapoptotic effects of 
stem cell factor.

The optimal management of patients with poly-
orchidism remains controversial, especially when the 

condition is discovered incidentally. Orchiectomy of 
the extra testes in adults helps confirm the diagnosis 
and reduces the risk of tumor formation.61,62 The use of 
conservative treatment versus surgery depends on age, 
reproductive potential, suspicion of neoplasia, posi-
tion of the testis (scrotal or ectopic), and the presence 
of torsion.63 There is no need for surgical intervention 
in asymptomatic fertile polyorchid men. Instead they 
can be managed with close observation and physi-
cal examination, tumor marker assessment to exclude 
malignancy, and imaging studies (ultrasonography or 
MRI). Surgery is sometimes contemplated in cases of 
cryptorchidism with complications. Orchiopexy with 
testicular biopsy should be performed in men with asso-
ciated cryptorchidism. Orchiopexy for both homolateral 
testes is suggested to reduce the risk of vascular insults. 
If pathologic evaluation shows no spermatogenesis, the 
patient has symptoms suggestive of testicular torsion or 
there is suspicion of malignancy, orchiectomy should  
be performed.64

Disorders of testicular circulation
Testicular torsion
Testicular torsion is an acute urological and andrologi-
cal emergency, in which twisting of the spermatic cord 
results in progressive impairment of testicular venous 
drainage ultimately culminating in arterial ischemia and 
testicular infarction. The condition affects 1 in 4,000 men 
in total, and 1 in 158 men under the age of 25 years; it is 
most common in boys aged 12–16 years.65,66

Four types of testicular torsion exist, depending 
on which part of the anatomy is twisted. Extravaginal 
torsion is twisting of the spermatic cord and testis with its 
covering of the tunica vaginalis. It is the most common 
type of torsion to occur in the prenatal and neonatal 
period, but can also occur in older patients.67 The con-
nection between the spermatic cord and the cremas-
teric muscles does not develop until 30 days after birth, 
allowing the testis a large degree of movement. Because 
of this, almost 70% of pediatric extravaginal torsions 
occur during this time period.68 Intravaginal torsion, 
on the other hand, is caused by a twisting of the testicle 
within the tunica vaginalis. This rarely occurs in a testis 
with normal anatomy, because the posterior aspect of 
the testis is attached to the scrotum. However, congenital 
anomalous high insertion of the tunica vaginalis into the 
spermatic cord results in a freely mobile testis and bell 
clapper deformity.68 This anomaly is frequently bilateral. 
Other causes of intravaginal torsion include hypermobile 
testes, increased testicular volume (during adolescence), 
and cold temperatures. Torsion can occur at any age, but 
is most common between the ages of 12 and 18 years.69 
The third type of testicular torsion involves twisting of 
an abnormally long vascular mesorchium—the vascular 
ligament that attaches the posterior surface of the testis 
to the epididymis and posterior scrotal sac. This anomaly 
is common in cryptorchid testes, and allows the testis 
to rotate freely.70 The final type, appendicular torsion, 
involves torsion of small remnants of the Müllerian 
duct that often persist on the superior pole of the testis 
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or epididymis. Clinical presentation of appendicular 
torsion is usually much less severe than intravaginal 
torsion in terms of pain, which is localized over the supe-
rior portion of the testis, nausea and vomiting, and can 
often be misinterpreted as epididymitis or epididymo- 
orchitis. To our knowledge, almost all studies performed 
to assess the fertility status of men with testicular torsion 
have been conducted on those with peripubertal torsion, 
which is most commonly intravaginal (Table 2).

Torsion is one of the leading causes of acute scrotal 
pain and male factor infertility. However, it is more 
likely that infertile men will present with the long-term 
complications of a torsion that occurred when they were 
younger, than present with acute testicular torsion itself. 
Such long-term complications include uni lateral or 
bilateral acquired anorchia, unilateral testicular atrophy, 
oligozoospermia, oligoasthenoteratospermia and non-
obstructive azoospermia. Despite low prevalence of a 

history of testicular torsion in infertile men (0.1–1.2%),71 
around 40–70% of men with a history of torsion have 
abnormal semen. Initial torsion obstructs venous return 
and persistent torsion compromises arterial pressure. 
The degree of ischemic trauma depends on the dura-
tion and degree of the torsion—rotation of the testes can 
range from 180° to >720°.72 Ischemic injury is associ-
ated with free radical release, but it is currently unclear 
whether there is a relationship between duration of  
ischemia and semen quality.73–78

Ischemia and reperfusion injury causes germ cell 
apoptosis, testicular atrophy, and loss of spermato-
genesis;79 6 h after the onset of impaired blood flow, the 
torted testis permanently loses spermatogenic capabili-
ties, and 12 h after disrupted blood supply, the testis loses 
Leydig cell function.68 In an experimental animal study, 
Leydig cell function (measured by testicular plasma tes-
tosterone concentration), was found to be significantly 

Table 2 | The fertility potential of patients treated for testicular torsion

Study Type of therapy n Post-treatment

Semen analysis Hormone profile Other findings

Anderson et al.74 Detorsion 9 Normal Increased FSH NR

Anderson et al.74 Orchiectomy 7 Abnormal Increased FSH NR

Ichikawa et al.75 Detorsion 12 Normal Increased FSH NR

Ichikawa et al.75 Orchiectomy 12 Abnormal Normal FSH NR

Arap et al.96 Detorsion 9 Abnormal Normal FSH, LH and testosterone Negative for antisperm antibody

Arap et al.96 Orchiectomy 15 Abnormal Normal FSH, LH and testosterone Negative for antisperm antibody

Taskinen et al.82 Detorsion 11 NR 19% abnormal FSH or inhibin NR

Taskinen et al.82 Orchiectomy 6 NR 67% abnormal FSH or inhibin NR

Shafik et al.268 Detorsion 8 Abnormal (n = 7) NR NR

Tryfonas et al.76 Detorsion* 18 Abnormal NR 61% developed testicular atrophy

Tryfonas et al.76 Orchiectomy* 7 Abnormal NR NR

Rybkiewicz85 Detorsion 8 NR Abnormal FSH and LH
Low testosterone

More than 50% of group developed antisperm 
antibody

Rybkiewicz85 Orchiectomy 29 NR Abnormal FSH and LH
Low testosterone

More than 50% of group developed antisperm 
antibody

Romeo et al.83 Detorsion 12 Abnormal (n = 4) Inhibin B markedly reduced 50% of group developed testicular atrophy

Romeo et al.83 Orchiectomy 8 Abnormal (n = 3) Inhibin B markedly reduced NR

Fisch et al.77 Detorsion 11 NR Abnormal response of FSH and LH 
to GnRH stimulation 

60% developed testicular atrophy

Fisch et al.77 Orchiectomy 3 NR Abnormal response of FSH and LH 
to GnRH stimulation

NR

Fu et al.98 Orchiectomy 10 NR Inhibin B was reduced initially but 
restored after 3 months 

Antisperm antibody elevated after operation

Brasso et al.78 Detorsion 31 Insignificant 
abnormalities 

Raised FSH and LH in those with 
torsion duration >8 h

Testicular atrophy in 8% of those with <8 h of 
symptoms, 33% of those with 8–24 h of symptoms 
and 60% of those with >24 h of symptoms

Brasso et al.78 Orchiectomy 4 Insignificant 
abnormalities

Raised FSH and LH in those with 
torsion duration >8 h

Testicular atrophy in 8% of those with <8 h of 
symptoms, 33% of those with 8–24 h of symptoms 
and 60% of those with >24 h of symptoms

Daehlin et al.84 Detorsion 29 Normal Normal FSH NR

Daehlin et al.84 Orchiectomy 23 Normal Elevated FSH NR

Hagen et al.89 NR 55 87% abnormal NR 88% developed testicular dysplasia in the 
contralateral testis

*Only 2 patients underwent semen analysis. Abbreviations: FHS, follicle-stimulating hormone; GnRH, Gonadotropin-releasing hormone; LH, luteinizing hormone; NR, not reported.
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lower after torsion.80 However, this finding has not been 
reproduced in human studies except for in missed cases 
of bilateral torsion. The parameters used to assess fertil-
ity potential in men with prior testicular torsion include 
follow-up semen analysis, hormone profiles, testicular 
volume, testicular biopsy results and antisperm antibody 
measurements (Table 2). However, to our knowledge 
there are no controlled trials assessing paternity rate. 
The measured fertility markers show broad variation 
depending on the ischemic time (salvage rates), bilateral 
or unilateral involvement and type of treatment.

A double orchiectomy to remove necrotic torted 
testes certainly renders a man sterile, and unilateral tes-
ticular torsion has a negative impact on fertility, whether 
treated with orchiectomy or orchiopexy or left untreated. 
Although men with a solitary testis have normal pater-
nity rates, the occurrence of oligozoospermia is higher 
than in men with two normal testes, and may reach up 
to 50% in men with testicular torsion. Oligozoospermia 
occurs in 70% of men who have undergone unilateral 
orchiectomy for previous testicular torsion.81 Similarly, 
patients who have undergone detorsion (particularly 
those with ischemic time >8 h) demon strate impaired 
semen quality on follow-up studies,73 although research 
exists to suggest the reverse.74,75

Follow-up studies of men who have undergone orchi-
ectomy82–85 or detorsion74,82,83 have demonstrated elevated 
follicle-stimulating hormone and low inhibin B (reflect-
ing Sertoli cell mass) levels, but no evidence of low 
serum testosterone. Testicular biopsies taken from the 
contralateral testis at the time of torsion repair or several 
months later reveal germ cell apoptosis, desquamation of 
the germinal epithelium, and abnormal spermatogenesis 
in 57–100% of patients.86,87 These observations support 
the theory that unilateral testicular torsion can cause 
bilateral testicular damage, but the inflicting mechanism 
is unclear because vascular supply to the testis is inde-
pendent, and unilateral torsion does not affect oxygen 
concentration in the contralateral testis.88

Several theories have been suggested to explain the 
mechanisms of infertility in patients with testicular 
torsion, and the factors responsible for the fact infertility 
persists a long time after the acute episode. These include 
recurrent attacks of subclinical torsion affecting the con-
tralateral testis, and the presence of foci of germinal epi-
thelium that seem dysplastic and immature (with thin 
seminiferous tubular epithelium and atrophy of gono-
cytes, Sertoli cells and Leydig cells) in both testes, which 
may be responsible for abnormal spermatogenesis.89

The potential role of reflex vasoconstriction and isch-
emia followed by reperfusion injury in the contralateral 
testis has been demonstrated in various animal models.90 
Torsion involves both an ischemic and reperfusion com-
ponent, both of which contribute to the production of 
reactive oxygen species (ROS). During reperfusion injury 
three sources of ROS production are activated: endo-
thelial nitric oxide synthase is activated to produce nitric 
oxide;91,92 cytokines (including tumor necrosis factor and 
interleukins 1 and 6) are released from blood and testis 
interstitial macrophages, causing chemotaxis, adhesion, 

diapediasis and inter stitial infiltration of neutro phils;93 
and activated xanthine oxidase, converts accumulated 
hypoxanthine (derived from ATP) into uric acid in 
ischemic tissues and releases free radicals.94,95 Uric acid 
and ROS are powerful pro-oxidants that play a part in 
micro vascular injury, apoptosis, and tissue damage after 
ischemia.96 Free radicals oxidize membrane lipids, induce 
cell death and DNA damage, and can ultimately lead  
to infertility.

Another hypothesis is that disruption of the blood–
testis barrier in the torted testis results in immune sen-
sitization against sperm. Human and animal studies 
provide evidence for the contribution of both humoral 
and cell-mediated immune sensitization against sperm. 
Antisperm antibodies, tumor necrosis factor, and inter-
leukins 1 and 6 released from testicular macrophages, 
mast cells, lymphocytes and testicular somatic cells 
can lead to direct damage in the contralateral testis.97,98 
Nevertheless, <11% of post-torsion men have antisperm 
antibodies in their serum and semen,74,89 so verification 
of the role of cellular immunity in clinical male infertility 
is still required.

Detorsion within 4–6 h of pain onset has been proven 
to salvage a torted testis in more than 90% of cases.99 
Testicular torsion usually occurs in the medial direc-
tion,100 so manual detorsion under local anesthesia is 
attempted with manipulation away from the midline in 
the first instance. Loss of pain is considered an impor-
tant sign of a successful maneuver.69 After detorsion is 
confirmed by ultrasonography, the patient undergoes 
surgical exploration and bilateral orchiopexy to lower 
the testis and fix it in the scrotum.69

Given the potential role of cytokines and ROS in 
torsion- related infertility, pharmacological approaches to 
counter these factors have been attempted in experimental 
animal models with variable success (Box 3). Chemical 
sympathectomy has been used to abolish reflex contra-
lateral vasoconstriction, and applying gradual detor-
sion to the spermatic cord has been suggested to prevent 
excessive generation of ROS and to allow host antioxidant 
defense to neutralize any oxidative rise. Similarly, apply-
ing ice packs can slow metabolism of the torted testis and 
prevent excessive release of free radicals. Other options 
include the use of immuno suppressive medications to 
prevent immune sensitization against sperm and to reduce 
the release of cytokines from inflammatory and testicular 
cells, and the use of antineutrophil agents to antagonize 
the neutrophils that mediate testicular injury. An essential 
strategy is to halt production of free radicals, which has 
been achieved with a variety of antioxidants and scaveng-
ing agents. Post-torsion therapy has been suggested to 
reverse or improve testicular histopathological changes 
in men with previous testicular torsion using hormonal 
therapy, such as human chorionic gonadotropin and 
dehydro epiandrosterone, or inhibitors of poly ADP-ribose 
polymerase, such as nicotinamide or trimetazidine, which 
deplete the cell of ATP in order to repair DNA damage. 
However, it must be noted that none of these treatment 
modalities have been tested in clinical studies on humans 
and their advantages are still theoretical.
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In summary, conventional therapies for testicular 
torsion, such as detorsion or orchiectomy, may not be 
enough to rescue future fertility potential. As such, cyto-
protective agents should be further investigated in human 
clinical trials to test their benefits for future reproduction.

Varicocele
Varicocele is defined as abnormal dilatation and elonga-
tion of the internal spermatic veins and pampiniform 
plexus of the spermatic cord. Varicocele affects about 
15% of the male US population.101 Despite the fact that 
most adult varicoceles (>80%) have no effect on male 
infertility,102,103 several studies suggest that a man with 
varicocele is at risk of subsequent loss of testicular func-
tion and fertility, regardless of normal semen analysis 
or documentation of previous fertility.104,105 At the same 
time, varicocele is the most common correctable cause 
of male infertility, present in 40% of men with primary 
infertility and in up to 70% of men with secondary infer-
tility.106,107 The WHO have reported that 1 in 4 men with 
abnormal semen parameters has a varicocele, compared 
with 1 in 10 men with normal semen parameters.108 
Significant improvement in semen parameters after 
varicocele repair has been achieved in more than 50% 
of affected men.109

Unilateral or bilateral clinical varicocele is associ-
ated with defective endocrine and exocrine testicular 
and epididymal functions, manifested by disordered 
semen parameters include asthenozoospermia, terato-
zoospermia, oligozoospermia and azoospermia. Several 
studies have shown testicular endocrine abnormalities 
in infertile men with varicocele, marked by low serum 
inhibin B levels and low serum testosterone, although 
these endocrine changes have not been reproduced in 
others.110–114 Sperm dysfunction in patients with vari-
cocele is characterized by elevated sperm DNA frag-
mentation index, a build-up of oxidative stress markers, 
inactive mitochondrial activity and abnormal acrosome 
reaction (Box 4).115 Leydig cell dysfunction has been 
demonstrated in patients with varicocele, in correlation 
with a reduction in serum testosterone levels (although 
the levels remained within normal limits).116 Animal 
studies have demonstrated reduced intratesticular tes-
tosterone, despite normal serum testosterone level, which 
may jeopardize the functional and proliferative activity 
of androgen-dependent cells along the genital ducts, such 
as epididymal principle cells, seminal vesicle cells and 
prostate cells.117

The pathophysiological effects of varicocele on tes-
ticular function are incompletely understood, although 
the rise in scrotal temperature attributed to poor venous 
return has been suggested to be an important mecha-
nism. Adequate venous return is an important mecha-
nism for testicular cooling, which is essential for the 
process of spermatogenesis.118 Testicular thermal injury 
occurs via alterations in RNA binding proteins and 
DNA within the sperm, leading to an increased rate of 
apoptosis.119–121 Experimental elevation of epididymal 
temperature enhances apoptosis and diminishes the 
storage capacity of this structure resulting in impaired 

spermiogenesis and changes in sperm count, motility 
and morphology.122,123 Oxidative stress has been sug-
gested as another major mediator of varicocele- induced 
testicular injury. 80% of infertile men with varicocele 
and 77% of men with incidental varicocele have elevated 
seminal ROS concentrations.124,125 Excessive ROS genera-
tion associated with varicocele has been attributed to an 
increase in nitric oxide, superoxide anion and hydrogen 
peroxide production, released by inducible nitric oxide 
synthase and xanthine oxidase in the dilated spermatic 
veins,126,127 which could cause the high levels of sperm 
DNA damage commonly seen in patients with varico-
cele.119–121,128 Oxidative stress has also been linked to a 
decrease in the antioxidant defense system in seminal 
plasma observed in varicocele.129,130

Some investigators suggest that varicocele causes 
increased hydrostatic pressure in the pampiniform 
plexus and venous stasis, which leads to testicular hypo-
perfusion and, consequently, testicular hypoxia and 
progressive atrophy.131 Venous stasis also results in the 
insufficient removal or backflow of toxic substances 
from the kidney or adrenal glands. Testicular hypo-
perfusion and hypoxia can lead to release of vascular 
endothelial growth factor (VEGF) from Sertoli cells, 
Leydig cells, vascular endothelial cells and epididymal 

Box 3 | Novel experimental modalities to treat torsion-related infertility

Chemical sympathectomy
Capsaicin, 6-hydroxy dopamine hydrobromide, guanethidine monosulfate.

Gradual detorsion
To prevent excessive generation of ROS and to allow host antioxidant defense to 
neutralize any oxidative rise.

Surface hypothermia
To slow metabolism of the torted testis and prevent excessive release of free 
radicals.

Immunosuppressive medications
Cyclosporine dexamethasone, hydrocortisone, prednisolone azathioprine, 
ibuprofen.

Antineutrophil agents
Dexamethasone, anti-E-selectin antibody, sivelestat, morphine.

Interfere with nitric oxide synthase
L-monomethylarginine.

Vasodilators
Papaverine, MgCl2.

Counteracting oxidative stress
Korean red ginseng, coenzyme Q10, quercetin, montelukast, verapamil, lidocaine, 
lipid lowering agent (simvastatin and rosuvastatin), catalase, Cu-Zn SOD, catalase 
plus SOD and M40403 (a nonpeptide mimic of SOD), mexiletine, allopurinol, 
melatonin, propofol, raxofelast (vitamin E-like), vitamin C, lycopene, Ginkgo 
biloba, L-carnitine, L-carnitine and meloxicam (COX-2 inhibitor), N-acetylcysteine, 
curcumin, Nigella sativa, zinc aspartate, taurine, pentoxifylline.

Amelioration of germ cell apoptosis
Poly (ADP-ribose) polymerase (PARP) inhibitors (nicotinamide), sulfasalazine 
capsinoids, dehydoepiandrosterone trimetazidine, human chorionic gonadotropin.

Miscellaneous
Verdanafil and sildenafil, triazolopyrimidine (antianginal), darbepoetin-α (a novel 
erythropoietin protein), platelet-activating factor (PAF) antagonist, VIP, ethyl 
pyruvate, angiotensin-converting enzyme inhibitor (lisinopril), angiotensin II 
type 1 receptor blocker (losartan), hyperbaric oxygen therapy, surfactant tetronic 
1107and peroxisome proliferator-activated receptor γ (PPAR-γ).
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principal cells,132 which can then inhibit spermatogonial 
proliferation and lead to increased vascular permeabil-
ity, capillary angiogenesis and thickening of basement 
membrane and interstitial tissue, interfering with regula-
tion of microcirculation.133 VEGF also causes enhanced 
production of nitric oxide from vascular endothelial cells 
perpetuating the oxidative stress in men with varicocele. 
VEGF is over expressed in the epididymis of patients with 
varicocele, raising suspicion of its role in varicocele- 
associated defective spermiogenesis.134 Larger varicoceles 
(grade II and III) are associated with a higher incidence 
of testicular growth arrest135 and higher levels of oxida-
tive stress markers.130,136,137 Nevertheless, no significant 
correlation has been demonstrated between varicocele 
grade and the severity of semen quality impairment.138

Varicoceles can be repaired by percutaneous sclero-
therapy or ligation of testicular veins (via either open 
microscopic or laparoscopic surgery). Radiologic embo-
lization of varicose veins can be considered for recur-
rent varicocele. The impact of varicocele repair on male 
fertility has been assessed in many retrospective and 
prospective studies. A recent meta-analysis reported 
that varicocele repair—whether by microsurgical vari-
cocele vein ligation, macroscopic open inguinal proce-
dure, laparo scopic vein ligation or embolization of the 
varicocele veins—can significantly improve sperm count, 
sperm progressive motility and sperm ultrastructure.139 
Moreover, varicocele repair can enhance sperm function 
through reduction in oxidative stress markers and DNA 
fragmentation index.139 Nevertheless, this meta-analysis 
failed to show significant improvement in spontane-
ous pregnancy rates after repair. Previous Cochrane 
meta-analyses have also failed to demonstrate improved 
paternity rates.140,141 Marmar et al.,142 on the other hand, 
reported a significant improvement in pregnancy rate, 
which has been attributed to the inclusion of men with 
varicocele who were normo spermic or had subclinical 
varicocele, a high patient dropout rate resulting in loss 
of paternity information, limited period of follow-up 
after repair, inclusion of prospective and observational 

studies in the same meta- analysis, and heterogeneity 
between studies. Future prospective studies are cer-
tainly required to critically assess the effect of varicocele 
repair on pregnancy rate, taking into account all these  
confounding factors.

Hydrocele
Hydrocele is an abnormal collection of fluid between the 
parietal and visceral layers of the tunica vaginalis. It is 
the most common cause of painless scrotal swelling143 
with an incidence of 1–3% in full-term infants144 and up 
to 30% in premature infants and those with delayed tes-
ticular descent. The incidence in adult males is approxi-
mately 1%,145–147 although prevalence varies according 
to country. Hydroceles are bilateral in approximately 
7–10% of affected men.148 The imbalance between fluid 
production and absorption through tunical mesothelial 
cells is the underlying mechanism that is responsible for 
the formation of hydroceles. Hydroceles are classified 
as communicating or noncommunicating based on the 
patency of the processus vaginalis—a peritoneal pouch 
that invades and migrates with the gubernaculum to 
provide the potential space for the testis to descend into 
the scrotum.149 The processus vaginalis normally closes 
after complete descent of the testis, within 18 months of 
birth. However, autopsy findings suggest that a patent 
processus vaginalis is present in 80–94% of infants and 
in 15–30% of adults.150–153 In the presence of a uni lateral 
patent processus vaginalis, the incidence of a contra-
lateral patent processus vaginalis has been found to be 
15–22%.154 Hydrocele constitutes the third most common 
ultrasonographically-detected scrotal abnormality  
after varicocele and epididymal cyst.155

Communicating hydroceles occur when the proces-
sus vaginalis is persistently patent. They are commonly 
diagnosed in the pediatric age group and are frequently 
associated with indirect inguinal hernia when the patent 
processus vaginalis is wide. Diurnal variation in the size 
of hydrocele occurs owing to gravity-induced move-
ment of the peritoneal fluid.154 Although communi-
cating hydroceles are less common in adults, they are 
sometimes observed in patients with a patent processus 
vaginalis accompanied by increased intra-abdominal 
fluid or pressure owing to shunts, peritoneal dialysis, or 
ascites.144,154,156 Adults with connective tissue disorders 
have a high risk of communicating hydrocele owing to 
attenuation of tissue support to the inguinal openings.144 
Intrauterine exposure to polybrominated biphenyl, a 
brominated flame retardant and endocrine disruptor, 
is a risk factor for pediatric hydrocele.157 Closure of 
the processus vaginalis results in a noncommunicating 
hydrocele. Depending on location, noncommunicating 
hydroceles are referred to as simple scrotal hydrocele 
(limited to the area surrounding the testis) or hydrocele 
of the cord (surrounding an isolated part of the sper-
matic cord). Noncommunicating hydroceles are more 
common in adults than children. Primary adult hydro-
cele is usually of idiopathic etiology, whereas secondary 
hydrocele can be caused by testicular torsion, tumor, 
infection, trauma or varicocelectomy.158

Box 4 | Pathological impact of varicocele on male infertility

Testicular dysfunction
 ■ Exocrine—impaired sperm production and increased rate of germ cell 

apoptosis (35–40%) resulting in oligozoospermia, teratozoospermia and 
azoospermia

 ■ Endocrine—low serum inhibin and testosterone levels

Epididymal dysfunction
 ■ Reduction in epididymal weight
 ■ Diminished epididymal tubule diameter
 ■ Increased rate of apoptosis of principal epididymal cells, thereby negatively 

affecting the process of spermiogenesis resulting in failure of sperm 
maturation, asthenozoospermia, and appearance of sperm with excessive 
cytoplasmic droplets

Sperm dysfunction
 ■ Increased sperm DNA fragmentation index
 ■ Build up of oxidative stress: increased ROS and reduced total antioxidant 

capacity
 ■ Decreased sperm mitochondrial activity
 ■ Loss of acrosomal integrity
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Scrotal hydrocele is frequently identified in infertile 
men by clinical examination and scrotal ultrasono-
graphy. Hussein et al.159 detected hydrocele in 16.7% 
of infertile men, compared to 8.7% of men in a control 
group of fertile men.159 Dandapat et al.160 reported a 
similar trend whereas Palep found hydrocele in 10.43% 
of infertile men.161 Pierik et al.155 noted that the incidence 
of hydrocele in infertile men is 3.2%. 

The effect of hydrocele on testicular function and 
spermato genesis has been examined recently; however, a 
cause and effect relationship has not been confirmed in 
well-designed long-term studies, and no study has ana-
lyzed the improvement of fecundity rate after hydrocele 
repair. The impact of hydrocele on testicular geo metry and 
size, spermatogenesis, scrotal temperature and testicular 
blood flow dynamics has been evaluated. Dandapat et al.160 
assessed the pressure effect of hydroceles in 120 men 
with unilateral idiopathic hydrocele, finding no pressure 
effect in 70% of men, testicular flattening in 22% of the 
cohort and pressure-induced testicular atrophy in 8% of 
patients. Turgut et al.162 noted time-related testicular size 
declines in patients with hydrocele and described a round-
ing rather than flattening effect of hydrocele on testicular 
shape.162 By contrast, Mihmanli et al.148 found that tes-
ticular volume was larger in men with hydrocele and that 
the testis returned to normal size after hydrocele excision. 
They propose that this increase in size is due to hydocele 
pressure-induced obstruction in the vessels of the testis, 
which creates stasis in the venous and lymphatic outflow 
resulting in testicular vascular edema.148 Some investiga-
tors have shown that hydrocele can affect spermato genesis, 
which may be partially or totally absent.160,163–165 For 
example, Dandapat et al.160 report normal spermatogenesis 
in 82% of the cohort, partial arrest of spermatogenesis in 
10% and a total arrest in 8%.160 The possible pathophysio-
logic mechanisms that underly impaired spermatogenesis 
include the pressure effect of the hydrocele on the testis,162 
the reaction of testicular cells to the highly proteinaceous 
fluid, and raised intrascrotal temperature.148

The hydrostatic pressure of a hydrocele exceeds the 
pressure in blood vessels within the scrotum,166 which 
interferes with arterial blood flow and might have an 
ischemic effect on the testicle. Histopathologic testicu-
lar changes observed in patients with hydrocele include 
interstitial fibrosis, thickening of the basement mem-
brane, and disorganization of spermatogenic cells.160,163–165  
Testicular blood flow dynamics reveal an increase in the 
resistive index of the subcapsular arteries of the ipsi-
lateral testis, compared to those in the normal testis. 
Mihmanli et al.148 used color Doppler ultrasonography 
to assess blood flow before and after surgical excision 
of hydrocele, and found that a high-resistance flow in 
the intratesticular arteries before surgery was replaced 
by a low-resistance flow after hydrocele repair and elimi-
nation of the pressure. Nye et al.,167 on the other hand, 
observed a lack of testicular diastolic flow ipsilateral to 
the hydrocele. Altered blood flow dynamics clearly indi-
cate that hydrocele causes an ischemic insult to testicular 
tissue. Besides that, hydrocele repair may inadvertently 
injure the epididymis and vas deferens.168

The evidence described above suggests that pediatric 
and adult hydroceles are associated with male infertil-
ity, although it is important to note that some authors 
attribute this correlation to overuse of ultrasonography 
in the diagnosis of male infertility. Others believe that 
the psychological and emotional impact of hydrocele can 
also cause sexual dysfunction. Certainly, controlled ran-
domized trials are required to prove or disapprove such 
a relationship and to verify the usefulness of hydrocele 
repair for improving paternity rates in infertile men. 

Epididymal cysts
The epididymis is a narrow tightly coiled tubule (3–4 m 
in length) that connects the efferent ductules to the vas 
deferens. It is attached to the posterolateral surface of 
the testis, and divided into three major parts: the globus 
major (also known as the head or caput), the corpus 
(body) and the globus minor (tail or cauda). The epi-
didymis is responsible for sperm maturation, transport 
and storage, and is a target for inflammation (acute or 
chronic) and neoplastic diseases (benign or malignant).

Epididymal cysts are the most common epididymal 
mass, occurring in 20–40% of asymptomatic men.169 75% 
of epididymal cysts are true cysts, meaning they are lined 
with epithelial cells and contain lymphatic fluid. The 
remaining are spermatoceles, commonly formed from 
obstruction of the efferent ductal system, which leads 
to cystic dilatation with fluid containing spermatozoa, 
lympho cytes, and cellular debris. True epi didymal cysts 
can arise throughout the epididymis before and after 
puberty whereas spermatoceles almost always occur in 
the epididymal head of postpubertal men.170 The two 
types are indistinguishable on ultrasonography, so the 
only means of differentiating epididymal cysts from 
spermato celes is aspiration of the cystic fluid to assess 
for the presence of sperm.171

The exact etiology of epididymal cysts is unknown; 
however, Wollin et al.172 have suggested they arise from 
vestigial remnants of the epididymis that no longer 
communicate with epididymal tubules.172 Cysts have 
been linked to diethylstilbestrol exposure, testicular 
dysgenesis syndrome and cryptorchidism. Because the 
epididymis is an androgen-dependent structure, it has 
been assumed that fetal exposure to diethylstilbestrol, 
dietary ingestion of phytestrogen and cannabis intake 
have a role in causing not only epididymal cyst but also 
other genital anomalies, such as hypospadias and unde-
scended testicles.173,174 Others have hypothesized that 
vasal or epididymal obstruction leads to epididymal 
congestion, swelling and secondary cyst formation,175  
although direct measurement of hydrostatic pressure 
in the epididymis after vasectomy does not support this 
theory. Epididymal cysts can occur in association with 
genetic syndromes such as von Hippel–Lindau and cystic 
fibrosis.169 The etiology of spermatocele is also unknown, 
but is thought to be the result of a focal weakening of 
the external layer of an epididymal tubule, leading to  
formation of diverticula.

The clinical significance of epididymal cysts and 
spermato celes, as well as their association with male 
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infertility has not yet been resolved.155 Spermatoceles 
have been described as ‘sperm retrieval reservoirs’ in 
men with obstructive azoospermia176 but there have been 
no reports of a correlation between epididymal cysts and 
male infertility, even in those with bilateral epididymal 
cysts. Watchful waiting with regular follow-up has been 
suggested for both epididymal cyst and spermatocele, as 
long as they are small in size and produce no symptoms. 
Cyst excision and spermatocelectomy are recommended 
for abnormally large and painful lesions, although 
surgery is not without complications. Epididymal injury 
is a primary concern during excision surgery and has 
been diagnosed or suggested in 17–50% of patients who 
undergo spermatocelectomy.168,177 Such injury can lead 
to epididymal obstruction.177 Additional postoperative 
complications are those typical of scrotal surgery, includ-
ing hematoma, hydrocele, hematocele, infection and tes-
ticular atrophy due to vascular injury. Kauffman et al.178 
suggested the use of microscopic surgery to reduce the 
incidence of injury to the epididymis, especially during 
spermatocelectomy.178 Percutaneous aspiration and 
sclerotherapy have been attempted but are not advo-
cated due to the risk of epididymal obstruction, chemical  
epididymitis and recurrence.179

Disorders of the seminal duct
Congenital absence of the vas deferens
The vas deferens is a paired tubular structure that extends 
from the tail of the epididymis into the pelvis through the 
inguinal canal toward the base of the bladder. At the inter-
nal ring, the vasa deferentia curve laterally and then pass 
medially and downward into the pelvis to join seminal 
vesicles to form ejaculatory ducts. The human vasa def-
erentia have a total capacity of 0.45 ml, which accounts for 
roughly 10% of the volume of normal ejaculate.180

Congenital absence of the vas deferens (vasal agenesis) 
is frequently described in men presenting with infertil-
ity. Agenesis can be partial or complete, unilateral or 
bi lateral, and can be associated with hypoplasia of the 
epididymis. Embryologically, the vasa deferentia arise 
from the Wolffian duct, which forms in the seventh week 
of gestation. Fetal insult can lead to aplasia of the vas 
deferens.181–183 Another well known cause of unilateral 
or bilateral vasal aplasia is cystic fibrosis.184 Inheritance 
of a mutated cystic fibrosis transmembrane conductance 
regulator (CFTR) gene can cause secondary atresia of one 
or both vasa deferentia during embryogenesis. However, 
not all men with congenital absence of the vas deferens 
have cystic fibrosis.181 Recent reports estimate that up to 
99% of patients with congenital bilateral absence of the 
vasa deferentia (CBAVD)184,185 and approximately 43% 
of men with unilateral absence of the vas deferens186–188 
will have at least one detectable CFTR gene mutation. 
Patients with vasal agenesis and concurrent renal anoma-
lies do not typically have any mutations on cystic fibrosis 
gene analysis.188 Genetic counseling and testing for CFTR 
gene mutations should be offered to men who have uni-
lateral absence of the vas deferens and normal kidneys or 
bilateral absence of the vas deferens or bilateral seminal 
duct abnormalities. If the results are negative and renal 

anatomy has not been defined, abdominal ultrasono-
graphy should be performed. Findings may range from 
unilateral absence of the vas deferens with ipsilateral 
absence of the kidney, to bilateral vasal abnormalities 
and renal abnormalities, such as pelvic kidney.

CBAVD is found in 1.3% of men who present for 
fertility evaluation;189,190 4.4–17.0% of men with azoo-
spermia191 and 25% of men with obstructive azoo-
spermia.192 Patients with CBAVD display a spectrum 
of abnormalities including preserved caput epididy-
mis, which is generally accompanied by a portion of 
the corpus or cauda, and absent or abnormal seminal 
vesicles.193 The testes are usually normal in both size and 
function (androgen secretion and spermatogenesis).194 
Generally, patients are azoospermic and have acidic 
low-volume (<1 ml) semen, with low levels of fructose 
(seminal vesicular origin) and α-glucosidase (epididymal 
origin).193 Physical examination (at room temperature) 
can confirm the bilateral absence of scrotal vasa defer-
entia. Men with CBAVD must use assisted reproductive 
technology to conceive. The standard therapeutic strat-
egy is sperm retrieval, via testicular sperm extraction or 
microsurgical epididymal sperm aspiration, followed by 
ICSI.195 Pregnancy rates are not notably affected by pres-
ence of a CFTR mutation in the male partner.188,196 The 
female partner should be offered genetic analysis to test 
for CFTR mutations before proceeding with treatments 
that utilize the sperm of a man with CBAVD.197

Approximately 1% of men have unilateral vasal agen-
esis. These men are usually fertile because they have 
single patent vas deferens,198,199 but they are at a higher 
risk of infertility than the general population because 
they have a solitary functioning testis. Unilateral vasal 
agenesis is most commonly encountered as an incidental 
finding in the vasectomy clinic or during herniotomy. 
79% of patients with congenital unilateral absence of 
the vas deferens have ipsilateral renal agenesis,182 and 
up to 90% have aplasia of the ipsilateral seminal vesicle. 
Approximately 20% of affected men have aplasia of the 
contralateral seminal vesicle and atresia of the ampullary 
portion of the contralateral vas deferens.200 Therefore, a 
subset of men with unilateral vasal agenesis have azoo-
spermia or other abnormal semen parameters owing 
to abnormalities in the contralateral derivatives of the 
Wolffan duct. Specifically, this condition should be 
referred to as unilateral intrascrotal vas deferens aplasia, 
because the distal parts of the contralateral vas defer-
ens are inaccessible to palpation. Affected men have 
high incidence of CFTR gene mutations.195 Transrectal 
ultrasonography (TRUS) may be useful to evaluate the 
ampullary portion of the contralateral vas deferens and 
the seminal vesicles.200 Obstructive azoospermia in these 
men is treated by testicular or epididymal sperm retrieval 
techniques and IVF or ICSI after the female partner has 
been screened for CFTR mutations and the couple have 
received thorough genetic counseling.

Ejaculatory duct obstruction
Ejaculatory duct obstruction (EDO) is an uncommon 
but easily correctable cause of male infertility.201 First 
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described in 1973, EDO is now thought to affect 1–5% 
of infertile men,202 and can arise from either acquired 
or congenital causes. Acquired causes include trauma, 
inflammation, calculus formation and infection. 
Congenital abnormalities include atresia, stenosis, and 
genetic abnormalities as well as Müllerian, utricular and 
Wolffian cysts. Infertility is the first symptom of ejacu-
latory obstruction in many men, but other symptoms 
include decreased ejaculate force, pain during ejacu-
lation, hematospermia, perineal or testicular pain, or 
prostatitis-like symptoms.203 On physical examination, 
men with EDO typically have normal testicles, vasa def-
erentia, and secondary sexual development. Sometimes 
a mass might be palpated rectally, usually in the seminal 
vesicles.204 Although the width and length of seminal 
vesicles do not generally differ between fertile and infer-
tile men, patients with EDO tend to display cystic dila-
tion of seminal vesicles (>15 mm transverse dia meter 
is considered abnormal).204 However, a clear diag-
nosis cannot be made without further diagnostic tests 
to evaluate any other sources of infertility that might 
be present. On semen analysis, men with EDO often 
demon strate low-volume ejaculate, azoospermia or 
oligo zoospermia, negative or very low fructose content, 
and low or absent sperm motility.205 Decreased ejaculate 
volume (<1 ml) does not provide a clear diagnosis of 
EDO, and no reliable diagnostic criteria are available 
for partial EDO.206

Once a man has been initially diagnosed with complete 
EDO, transrectal ultrasonography with guided aspira-
tion of dilated or cystic ejaculatory ducts or seminal 
vesicles is undertaken to look for sperm. If sperm are 
found, then surgical endoscopic relief of the obstruction 
by transurethral resection of ejaculatory ducts (TURED) 
is considered. When no sperm are detected, vasotomy 
and vasography are performed to visualize the anatomy 
of the seminal vesicles, ejaculatory ducts and distal vasa 
deferentia to exactly delineate the site of obstruction 
and whether there is any associated atresia or stenosis 
in the distal vas deferens. If sperm are identified in the 
vasal aspirate, endoscopic relief of EDO is generally per-
formed. In the absence of vasal sperm, micro surgical 
epididymal sperm aspiration without EDO repair  
is recommended.207

Cystic lesions of the prostate
Widespread implementation of imaging techniques such 
as TRUS and endorectal MRI has increased the detec-
tion of cystic lesions of the prostate, which are thought 
to affect 0.5–7.9% of men.208–210 Various methods of 
classifying prostatic cysts have been reported, such as 
whether they are congenital or acquired, or based on 
their position within the prostate (midline, para median 
or lateral). Most recently, Galosi et al.211 suggested a 
new model based upon anatomical site, embryological 
origin and pathological characteristics that classifies 
cysts into six major types (Box 5). A detailed description 
of these subtypes is outside the scope of this article, but 
there are two types of cyst (midline prostatic cysts and 
ejaculatory duct cysts) that can obstruct the ejaculatory 

ducts and lead to male infertility, and these will be  
discussed further.

Midline prostatic cysts can be divided into three 
types: prostatic utricle cysts (previously called Müllerian 
duct cysts), cystic dilatation of the prostatic utricle and 
enlarged prostatic utricles. A prostatic utricle cyst results 
from failure of the Müllerian ducts to regress causing 
focal saccular dilatation.212 Located at the region of the 
verumontanum, these cysts may extend above the pros-
tate or slightly lateral to the midline, and may grow into 
a large mass. Prostatic utricle cysts do not communicate 
with the urethra, therefore aspirations do not contain 
spermatozoa.213 This type of cyst affects 5% of men with 
obstructive azoospermia.214 The condition is usually 
asymptomatic, but patients in the third or fourth decade 
of life215 may develop irritative and obstructive urinary 
symptoms as well as hematuria, hematospermia, bloody 
urethral discharge, ejaculatory pain, urinary tract infec-
tion, epididymitis, infertility and constipation.216 Cystic 
dilatation of the prostatic utricle (cystic utricle) arises 
due to obstruction of the junction between the utricle 
and the urethra.213,217 Such cysts are therefore able to 
communicate with the posterior urethra.215 Typically, 
cystic utricles are smaller than prostatic utricle cysts, are 
strictly localized to the midline, and measure no more 
than 15 mm (along the longest axis). Both prostatic 
utricle cysts and cystic utricles can enlarge and com-
press both ejaculatory ducts resulting in altered semen 
parameters, and sometimes azoospermia. The third 
type of midline prostatic cyst is not technically a cyst but 
rather an enlarged or hypertrophied prostatic utricle that 
communicates freely with the prostatic urethra. Mainly 
detected in children and adolescents, enlarged prostatic 
utricles are frequently found in children with urogenital 
malformations, such as proximal hypospadias or viril-
ization defects.218 TRUS and cystourethrography usually 
reveal an enlarged prostatic utricle that is midline and 
posterior—the wide opening into the posterior urethra 
can be easily identified. This type of cyst does not  
typically obstruct the ejaculatory ducts.212

Ejaculatory duct cysts originate from the Wolffian 
ducts and occupy a paramedian or median position in 
the prostatic gland above the level of the verumonta-
num.211 Such cysts can be congenital or acquired, with 
etiologies including partial distal obstruction caused by 
chronic infection, transurethral manipulation, tuber-
culosis or urethral foreign body.219 Ejaculatory duct 
cysts can be unilateral or bilateral and are associated 
with obstructive azoospermia. When small, these cysts 
appear on TRUS as intraprostatic masses just lateral to 

Box 5 | Classification of prostatic cysts

 ■ Midline cysts: cysts of the prostatic utricle (previously 
known as cysts of the Müllerian duct), cystic dilatation 
of prostatic utricles, enlarged prostatic utricles

 ■ Cysts of the ejaculatory duct
 ■ Cysts of the parenchyma
 ■ Complicated cysts
 ■ Cystic tumors
 ■ Cysts secondary to other disease
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the midline at the base and midline at the level of the 
verumontanum.215 When large, however, these lesions 
can mimic cystic utricles and prostatic utricle cysts. 
Clinical presentation depends on the size of the cyst; 
small cysts are usually asymptomatic while large ones can 
cause hematospermia, ejaculatory pain, azoospermia and 
male infertility.215,220 Diagnostic work-up includes TRUS 
and ultrasonography-guided transperineal aspiration of 
cystic fluid to detect the presence of sperm.211

On TRUS, most midline prostatic cysts and ejaculatory 
duct cysts appear as simple oval or rounded anechoic 
cysts or complex echogenic cysts, making radiological 
differentiation impossible. Diagnostic aspiration can aid 
differential diagnosis—detection of sperm in the cystic 
fluid aspirate excludes the possibility of a prostatic utricle 
cyst. Utilization of MRI of the pelvis with a rectal coil is 
preferred in conditions when the information obtained 
by TRUS is not satisfactory.221,222 Treatment of midline 
prostatic cyst and ejaculatory duct cyst depends on 
the cyst size and its clinical effects. Because most cysts 
are small and asymptomatic, generally no treatment is 
required.223 However, cysts that cause hematospermia, 
low semen volume, abnormal semen parameters, infertil-
ity, urine retention, rectal discomfort and urinary tract 
infections should be treated. There are several treatment 
options, including simple transrectal aspiration, sclero-
therapy of the cyst under TRUS guidance, open surgical 
removal, TURED, and endoscopic incisional deroof-
ing of the cyst (marsupialization).223 These treatments 
usually result in appearance of sperm in the ejaculate and 
improve patient’s symptoms.

Polycystic kidney disease
Autosomal dominant polycystic kidney disease 
(ADPKD) is the most common congenital kidney 
disease that urologists encounter in clinical practice, 
with an incidence in the general population of 0.0010–
0.0025%.224,225 Approximately 600,000 Americans are 
affected,226 and about 95% of individuals with ADPKD 
have an affected parent (5% have a de novo mutation).227 
ADPKD is an autosomal dominant disease that is attrib-
uted to mutations in three polycystin genes, PKD1, PKD2 
and PKD3. The condition is characterized by gradual and 
progressive development of cysts in the kidney paren-
chyma, which will eventually occupy the entire kidney. 
Cysts can arise from any portion of the kidney tubules 
and increase in number and size with age. Affected 
patients are likely to be asymptomatic before the age 
of 30 years, but ultrasonography may reveal the pres-
ence of cysts. From age 30–40 years, the manifestation 
of symptoms occurs—palpable kidneys, microscopic 
or gross hematuria, urinary tract infection, flank pain, 
or renal colic from passing clots. Gradual elevation of 
serum creatinine typically begins at 40–50 years of age 
and the patient may require a kidney transplant after the 
age of 50 years.228 Extrarenal cyst development has been 
described in the liver, pancreas, and arachnoid mater, 
as well as structures of the male reproductive tract 
including the epididymis, seminal vesicles, prostate and  
ejaculatory ducts.229

Although it was previously thought that men with 
ADPKD were not at increased risk of infertility, recent 
reports on a limited number of patients suggest other-
wise. Torra et al.230 performed a study on 22 men with 
ADPKD and detected semen abnormalities in 20 
indivi duals; asthenospermia was the most common 
finding.230 Another study found necrospermia to be 
the most common semen abnormality.231 Low semen 
volume, oligo spermia and teratospermia have also 
been reported.230 Several mechanisms of male infertil-
ity and abnormal semen parameters in ADPKD have 
been postulated. The presence of cysts in the seminal 
vesicles or ejaculatory ducts could cause obstruc-
tion of semen outflow or pathological dilatation and 
necro spermia.231–233 Alternatively, Handelsman et al.234 
suggest that disruption of the hypothalamic–pituitary–
gonadal axis due to uremia might cause consequent  
testicular failure.234

ADPKD is a form of ciliopathy that results from syn-
thesis of abnormal polycystins, which are important 
ciliary proteins. Proteomic studies on normal eukary-
otic flagellum revealed that polycystin-1 (the product 
of PKD1, mutated in 80–90% of patients with ADPKD) 
and polycystin-2 (the product of PKD2, responsible for 
the other 10–15%), are co-localized in the basal body, 
axoneme and plasma membranes of cilia and flagel-
lum,235 which suggests they may function as a recep-
tor–channel complex that responds to specific stimuli 
and induces signal transduction.236 Polycystins also have 
important roles in axonemal microtubule assembly and 
function.235,237 The axonemes of normal sperm flagellum 
and motile cilia of the body contain the common ciliary 
pattern of two central microtubule doublets surrounded 
by nine peripheral microtubule doublets (known as 9+2). 
In some patients with ADPKD this pattern is changed 
to (9+0), which renders the sperm immobile or even 
dead.238,239 Furthermore, a recent report showed that 
sperm lacking central microtubules fail to fertilize the 
ovum during IVF or ICSI, which suggests that the central 
microtubules may have a role in fetal development.238

The protein encoded by PKD2 (polycystin-2, a calcium 
ion channel) may have an important role in male infer-
tility. Animal studies in Drosophila reported that poly-
cystin-2 is present in both the tail and head region that 
contains the acrosome of sperm. Targeted disruption of 
the PKD2 gene in Drosophila causes male sterility without 
affecting spermatogenesis. The sperm are motile, but 
cannot swim into the reproductive tract of the female. 
This suggests that Drosophila poly cystin-2 operates in the 
directional movement of sperm inside the female genital 
tract.240 Another study on sea urchin sperm confirmed 
the localization of a poly cystin-2 homolog in the head of 
sperm and demonstrated its role in inducing acrosome 
reaction probably because it can facilitate the entry of 
calcium.241 The function of polycystin-2 in human sperm 
has not yet been verified.238

The association between ADPKD and male factor 
infertility remains unresolved. Large prospective con-
trolled studies are needed to examine the frequency and 
prevalence of male factor infertility among patients with 
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ADPKD. In addition, more-sophisticated mol ecular 
studies are needed in infertile men with ADPKD and 
immotile sperm. For example, proteomics of human 
sperm flagellum might be useful to elucidate the  
exact defects.

Inguinal hernia
Inguinal hernia repair is one of the most common surgi-
cal procedures reported in Western countries, estimated 
to be performed in 5% of the general population.242 
Over 700,000 inguinal hernia operations are performed 
every year in the US alone.243 Inguinal hernias are more 
common in men, and most frequently occur during 
infancy.244 Genetic studies have linked several muta-
tions to increased incidence of inguinal hernia with male 
infertility. Ribarski et al.245 found that a mutation in the 
USP26 gene (1090C>T) was associated with inguinal 
hernia in infertile men.245 Several diseases that affect con-
nective tissue, including Marfan syndrome246 and other 
genetic syndromes, may manifest as inguinal hernia 
and male infertility. For example, 76% of patients with 
androgen insensitivity syndrome and 80–90% of patients 
with persistent Müllerian duct syndrome present with  
inguinal hernia.245,247

Surgical repair of hernia in both children and adults 
can also affect fertility. Pediatric hernia repair may be 
complicated by testicular atrophy (1–2%), injury to the 
vas deferens (0.13–1.60%), iatrogenic cryptorchidism 
(0.6–2.9%)248 or autoimmune orchitis (0.8–1.4%).249,250 
Although some surgeons prefer to use contralateral 
inguinal exploration to repair potential patent processus 
vaginales in children <2 years old,251 most surgeons no 
longer advocate this approach. The reluctance to perform 
bilateral exploration is attributed to the high risk of tes-
ticular atrophy (2–30%)252 and bilateral vasal obstruc-
tion (up to 40%).253 Adult inguinal hernia repairs can 
be described as tension or tension-free; tension repairs 
involve use of the patient’s own tissues while tension-free 
repairs incorporate prosthetic mesh.254 Approximately 
75–80% of adult hernia operations involve the place-
ment of mesh via either open or laparoscopic surgery.243 
Tension repairs often incorporate aponeuroses from the 
abdominal muscles for complex reconstruction of the 
inguinal canal. Using a patient’s own tissues for inguinal 
hernia repair can be beneficial to younger patients, for 
whom meshes can prove harmful.254 This technique also 
requires no special materials or operating room equip-
ment, and can be done with minimum preparation. 
Currently, open tension-free inguinal herniorrhaphy, 
also called Lichtenstein onlay mesh repair, is the most 
common surgical technique. Lichtenstein first intro-
duced the technique in 1986, which entails the use of 
nonabsorbable sutures and prosthetic mesh to reinforce 
the inguinal canal floor.255 Another tension-free tech-
nique that is currently used to repair inguinal hernia is 
the prolene hernia system,256 which consists of polypro-
pylene mesh that has an onlay patch, a connector and 
underlay patch.

The use of polypropylene mesh in bilateral hernia 
repair can lead to infertility owing to vasal injury and 

consequently obstructive azoospermia.243 The incidence 
of obstructive azoospermia after hernia repair has been 
reported at 0.3% in adults.257 Two mechanisms of injury 
to the genital tract can occur during herniorrhaphy—
transection and compression.242 Transection injury is 
responsible for about 25% of injuries to the vasa deferen-
tia incurred during hernia repair. This type of injury can 
be recognized during surgery, allowing immediate recon-
struction. Compression injury, on the other hand, usually 
presents much later. Compression might be caused by 
the handling of vasa deferentia during surgery, by the 
mesh itself, or by delayed fibrosis around the mesh.242 
Genital tract obstruction after herniorrhaphy has also 
been shown to increase antisperm antibodies that can 
further diminish spermatogenesis.258

Conclusions
Diagnosis and treatment of physical abnormalities 
related to male infertility is an important task that 
should be undertaken not only by the urologist or 
andrologist who provides care to the infertile man 
but also by the pediatrician, medical internist, general 
surgeon and radiologist who come across these abnor-
malities in their practice. Protecting the fertility poten-
tial in men with these abnormalities, which may appear 
during various developmental periods from infancy 
to adulthood, and selecting the least harmful form of 
therapy can ensure better quality of life and lower the 
risk of childlessness.

The exact relationships between some of these 
abnormalities and male infertility are incompletely 
understood and uncertainties still surround the effi-
cacy of therapies to improve male fertility potential. 
Elucidation of these missing data requires the institu-
tion of properly designed prospective controlled studies 
to examine the advantages and efficacy of the available 
treatment options. In addition, more molecular biology 
research is needed to provide a better understanding of 
the basic cellular defects underlying fertility issues in 
affected men. Although most of these abnormalities are 
treatable by surgery, an approach that combines both 
clinical and basic scientific research can offer the best 
opportunities to find the most efficacious form of sur-
gical therapy that is least damaging to male reproduc-
tive function. Furthermore, surgical procedures might 
be supplemented with targeted molecular therapy in  
the future.

Review criteria

Data on the role of various physical deformities in male 
infertility were extensively searched through PubMed, 
Scopus, Science direct and Ovid Medline using the 
exploding option. The keywords used in the search 
included “male infertility”, “semen analysis” and the 
specific term for each physical abnormality. Relevant 
articles from 1988 to 2011 were identified. Cross-
references were checked in each of the studies, and 
relevant articles retrieved. Articles in English language 
were carefully reviewed; while only the abstracts of 
articles in other languages were examined.
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