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Although the male reproductive function is impaired in about half of infertile couples, the evaluation of male in-
fertility is underrated or neglected even today. In addition to a physical examination and imaging techniques,
semen analysis as well as endocrine and genetic analyses should be part of the routine investigation. Few disor-
ders have become subjects of rational treatment of the infertile male, even though, as examples, hypogonado-
tropic hypogonadism is treatable by gonadotropins and obstructive azoospermia by reconstructive surgery.
Early treatment of maldescended testes and sexually transmitted diseases can prevent infertility. Similar preg-
nancy rates from patients with varicocele following surgery or counseling demonstrate the important role of
the physician in the treatment of infertility. In the age of evidence-based medicine, most empirical treatments
have been demonstrated to be ineffective. Instead, symptomatic treatment by assisted reproductive techniques
has become a central tool to overcome otherwise untreatable male infertility.
© 2013 International Federation of Gynecology and Obstetrics. Published by Elsevier Ireland Ltd. All rights reserved.
1. The role of andrology in reproductive medicine

Procreation is the basis for the existence of humankind, as it compen-
sates for the inevitable death of each individual and ascertains the
continuity of human life. In 90% of couples intending to have a child,
pregnancy occurs spontaneously during natural intercourse. The re-
maining 10%, however, require medical advice and assistance to fulfill
their wish for a child. The woman’s role in the success or failure of pro-
creation has always been obvious because she carries out the pregnancy,
but the man’s role is often underestimated, especially in cases of failure.

A disorder of the male reproductive function can be detected in
about 50% of the male partners of infertile couples, and it is most often
combinedwith a coexisting female problem. Generally, when a disorder
is detected in one of the partners, a disorder also becomes evident in the
other partner—a disorder so mild, however, that it would remain un-
noticed if the other partner had normal reproductive functions. The
interdependence of the female and male reproductive functions is the
reason why the male partner of an infertile womanmust be investigat-
ed right fromher first consultations for infertility (Fig. 1). Inmany cases,
only the reproductive problemof one partner can be treated,whichmay
be sufficient to compensate for the problem of the other.

Consequently, when a couple consults for infertility, it is not suffi-
cient that thewoman consult a gynecologist. Themanmust also consult
an andrologist, preferably from the same center for reproductive medi-
cine. Andrology, however, is still a young field, underdeveloped inmany
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countries, and it may be difficult for couples to find professional care for
the man.

2. Causes of male infertility

The scope of the present article does not allow a detailed description
of the pathophysiology and classification of male infertility disorders,
and the reader is referred to appropriate textbooks [1]. Here, only a
few topical issues that may highlight current knowledge shall be
discussed. Further disorders are mentioned in the context of diagnosis
(Section 3) and treatment (Section 4).

2.1. Sperm crisis: real or perceived?

Apostulated decline in humanmale fertility has received a good deal
of attention in both scientific literature and the popular press, especially
in high-income countries. Early work at the beginning of the 1970s did
not recognize a possible risk to the general male population.

Environmental deterioration [2] is the most accredited possible
cause. In particular, pollution by xenobiotic agents with estrogen-like
activity—i.e., endocrine disruptors—is suspected to cause various
andrologic conditions. Examples are testicular cancer [3], but also hypo-
spadias, cryptorchidism [4], and reduced spermatogenesis via a reduc-
tion of the numbers of Sertoli cells during fetal life [5]. It is difficult to
demonstrate a cause-and-effect linkbetween pollution and these condi-
tions, and case-control studies have not shown clear results in different
populations of workers [6]. At the same time, there have been improve-
ments in nutrition and hygiene and advances in prevention, in part
owing to the field of pediatric andrology.
ublished by Elsevier Ireland Ltd. All rights reserved.
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Fig. 1. Interdependence of themale and female reproductive functions [1]. In group 1, both
partners have optimal reproductive function and will not consult a physician because of
childlessness. In group2, the suboptimal function of a partnerwill probably be compensat-
ed for by the optimal function of the other partner. These couples are probablymore prev-
alent in the general population than their representation in fertility clinics may suggest. In
group 3, only 1 partner will be treated by the gynecologist or andrologist. In groups 4 and
5, both partners require treatment. Therapeutic success, i.e., pregnancy, will be achieved
more rapidly if the partners are treated at a center for reproductive medicine, where phy-
sicians have both gynecological and andrologic training.
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In 1992, a review of 61 studies by Carlsen et al. [7] indicated a signif-
icant decrease in sperm concentration from 1938 to 1990. This review
has attracted ongoing public interest despite the criticism that the publi-
cations were heterogeneous regarding study design, study populations,
methods of semen analysis, geographic location, and ethnicity [8–12].
The review triggered 27major studies that took into account both ethnic
and geographic differences. A 2008 review by Fisch [10] reports that 16
of these 27 studies found no differences over time in sperm concen-
tration, motility, or morphology; 5 yielded ambiguous results; and 6
found a decline regarding semen concentration and quality. The author
concludes that “Far from being a worldwide and well-proved phenome-
non, declines in semen quality are, at best, a highly local phenomenon
with an unknown cause and, at worst, a collective artifact” [10].

In response to the criticisms of their review, Carlsen et al. [12] carried
out their own longitudinal study from 1996 to 2010, analyzing semen
samples annually from about 350 young men screened for military
service in Denmark. The mean ± standard deviation for sperm con-
centration was 45 million cells per milliliter in these men, and the con-
centration did not vary over time, even as a trend. The study will be
continuing for an undetermined period [12].

2.2. The impact of age on reproduction

The effect of age on the female reproductive function is well docu-
mented. While it is optimal in women between 20 and 30 years of
age, it declines considerably after 35 years and generally ceases at
50 years [13]. Despite these physiological facts, more and more
women postpone childbearing to a phase of life when chances for con-
ception and live birth have significantly decreased. In high-income
countries, where birth rates are declining, women giving birth after
the age of 40 years are the only growing population willing to become
pregnant. These women, however, increasingly require medical help
to overcome fertility problems and many turn to assisted reproductive
technology (ART), not always successfully.

As the ages of theman and thewoman tend to be similar in a couple,
the age of men intending to become fathers also tends to increase.
A crucial question, then, is whether age-related female infertility is
paralleled by age-related male infertility. In contrast to the ovarian
cycle, spermatogenesis continues throughout life and sperm can be
found in very oldmen.However, spermmotility, an important predictor
of fertility, decreases with age [14–17]. Time to pregnancy significantly
increases when the male partner is older than 40 years [18]. Moreover,
the rate of spontaneous abortion increases [19] and the rate of live birth
decreases with the age of the male partner [20], which contributes to a
lower birth rate. In addition, the rates of chromosomal abnormalities
and genetic autosomal dominant diseases are higher among children
of aging fathers [21].

In conclusion, not only does the female reproductive function
decline with age but men’s chances for begetting offspring also decline,
whereas the risks of genetic diseases in the offspring increase. As the
reproductive function declines later in men than in women, it may not
be of great importance for a given couple’s fecundity. Yet, it should be
borne in mind if childbearing is long postponed [22].

3. Diagnosis of male infertility

3.1. History taking and physical examination

Any factors that may affect fertility must be considered. These in-
clude prior fertility or difficulty with conception, diseases during child-
hood and puberty, surgical treatments, genital trauma, and infectious
disease; abnormal physical and/or sexual development; social and
sexual habits and problems; exposure to gonadotoxic agents; recent
fever or exposure to heat; current or recent pharmacological treatment;
and a family history of birth defects, mental retardation, reproductive
failure, or cystic fibrosis.

The physical examination should record the aspects of the secondary
sexual characteristics and the body mass index, and note the presence
or absence of obesity, gynecomastia, lymphadenopathy, penile curva-
ture, andphimosis or paraphimosis, aswell as the location of theurinary
meatus. A testicular examination should focus on testicular size, sym-
metry, consistency, and presence or absence of masses. The epididymi-
des should be carefully examined. Palpation of the spermatic cord, with
special attention to the presence or absence of the vas deferens and/or
varicoceles, is important. Men with varicocele should be examined via
Valsalvamaneuver. The congenital bilateral absence of the vas deferens,
often associated with congenital cystic fibrosis, represents a small but
significant predictor of male infertility due to azoospermia. Finally,
rectal examination of the prostate is performed.

3.2. Imaging diagnostics

A scrotal ultrasound is part of any infertility investigation, as it per-
mits detection of nodules, microcalcifications, and other testicular and
epididymal lesions. On high sensitivity, it detects scrotal abnormalities
and differentiates testicular from paratesticular lesions. The main indi-
cation for color Doppler ultrasound is the assessment of acute scrotal
symptoms, such as pain or swelling, especially when testicular torsion
is suspected.

A transrectal ultrasound is recommended in cases of low semen vol-
ume (b1.0 mL), abnormal findings on digital rectal examination, and
ejaculatorydisorders such as anejaculation, hematospermia, and painful
ejaculation. Magnetic resonance imaging is performed to rule out intra-
cranial disorders from hormonal disturbances.

3.3. Endocrine laboratory diagnosis

Basic endocrine evaluation includes measuring levels of follicle-
stimulating hormone (FSH) and total and calculated levels of testoster-
one (T). Elevated serum FSH is usually indicative of severe germ cell
epithelium damage and results from impaired secretion of inhibin B.
When associated with low-normal or below normal T levels, an FSH
level greater than 2 to 3 times the upper limit of normal suggests diffuse
testicular failure from a congenital (e.g., Klinefelter syndrome) or ac-
quired cause. Luteinizing hormone (LH) stimulates the Leydig cells
and hence T production. Isolated LH abnormalities are very rare.



Table 1
Therapeutic possibilities for male infertility.

Disorder Treatment

Rational treatment
IHH and Kallman syndrome GnRH or gonadotropins
Pituitary insufficiency Gonadotropins
Prolactinomas Dopamine agonists
Infections Antibiotics
Chronic general disease
(e.g., renal insufficiency and diabetes mellitus)

Treatment of the basic disease

Drugs/toxins Elimination
Obstructive azoospermia Epididymovasostomy
Retrograde ejaculation Imipramin

Preventive treatment
Testicular maldescent GnRH/hCG/orchidopexy
Delayed puberty Testosterone/GnRH/hCG
Infections Early antibiotics
Exogenous factors (radiation, drugs, toxins) Elimination
Malignancies Gonadal protection

Cryopreservation of sperm
No treatment

Bilateral anorchia
Complete Sertoli-cell-only syndrome
Gonadal dysgenesis

Empirical treatment
Varicocele Surgical or radiologic occlusion
Immunological infertility Immunosuppression
Idiopathic infertility Various drugs

Symptomatic treatment
Hypospadias IUI
Oligoasthenoteratozoospermia IUI, ART
Globozoospermia ART
Immotile cilia ART
Congenital bilateral absence of the vas deferens ART
Other forms of obstructive azoospermia ART
Nonobstructive azoospermia with incomplete
spermatogenetic failure

ART

Klinefelter syndrome ART

Abbreviations: ART, assisted reproductive technology; GnRH, gonadotropin-releasing hor-
mone; hCG, human choriogonadotropin; IUI, intrauterine insemination.
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Concomitant low levels of FSH, LH, and T are indicative of hypo-
gonadotropic hypogonadism. Puberty may have been delayed, and
affected men may present with poorly developed secondary sexual
characteristics and small testes. Hyperprolactinemia is rarely a
cause of infertility in men. Levels of serum estrogen, testicular cancer
markers, and adrenal steroids should be determined in those pre-
senting with gynecomastia.

3.4. Semen analysis

Semen analysis is indispensable and provides a prognosis for fertility
[23]. All patients should have at least 2 semen analyses done, as wide
variability may exist in the same individual. The 2 semen samples
should be collected at least 2 weeks apart, each after 2 to 5 days of sex-
ual abstinence, into a sterile container and preferably at the laboratory
site. For psychological reasons, it can also be collected at home and de-
livered within 60 minutes of ejaculation. Seminal analysis must include
the volume and pH of the ejaculate, its appearance, viscosity, and lique-
faction time; sperm concentration in million per milliliter, total sperm
count, sperm motility and morphology, sperm agglutination; presence
of leukocytes, red blood cells, immature germ cells, epithelial cells,
prostatic corpuscles; and biochemical seminal markers. To coordinate
semen analysis globally, the World Health Organization has published
5 editions of a handbook for semen analysis since 1970 [24].

3.5. Sperm function tests

There has been extensive research to establish sperm function tests.
However, apart from determining the presence or absence of antisperm
antibody (ASA), none of the tests developed, including sperm DNA
fragmentation, has become part of routine testing. Risk factors for ASA
formation include genital infection, testicular trauma or biopsy, cryptor-
chidism, testicular damage secondary to excessive heat exposure, and
obstruction of the extratesticular ductal system (e.g., from vasectomy).
The presence of ASA can reduce motility, affect sperm penetration of
cervical mucus, and impair the fertilization process at the levels of acro-
some reaction, zona pellucida recognition and penetration, and sperm-
vitellus interaction.

3.6. Cytogenetic and molecular genetics investigations

The identification of genetic conditions such as Klinefelter syn-
drome, microdeletions in the Y chromosome, and congenital absence
of the vas deferens due to cystic fibrosis has serious implications for
the offspring as well. Following the identification of any genetic condi-
tion during a routine evaluation of male infertility, the couple needs to
be counseled regarding the transmission of these conditions to their off-
spring. The male children of men with microdeletions in the AZF region
of the Y chromosome, for example, can be expected to have the same
deletions as their fathers and are likely to be infertile themselves [25].

Chromosomal aberrations are assessed through G-band karyo-
typing. Sex chromosomal aneuploidy, also called Klinefelter syndrome
or 47,XXY karyotype, is themost frequent chromosomal disorder affect-
ing infertile men.

A mutation of the cystic fibrosis gene, which is located on the long
arm of chromosome 7, is also a relatively common genetic disorder.
Depending on the mutation length, cystic fibrosis can manifest as its
full clinical presentation or as a mild form, which affects approximately
1.3% of infertilemenwith congenital bilateral absence of the vas deferens.

3.7. Testicular biopsy and histology

As spermatogenesis can be greatly reduced in men with nonobstruc-
tive azoospermia, a biopsy should be performed, if possible, in an assisted
reproduction center to allow for sperm cryopreservation and thus avoid
repeated procedures. For intracytoplasmic sperm injection (ICSI), sperm
may be removed from the epididymis by microsurgical epididymal
sperm aspiration or extracted from a testicular biopsy sample.

4. Treatment of male infertility

A number of male fertility disorders can be treated rationally and ef-
fectively. For other disorders, no rational treatments are available. Infer-
tility is idiopathic for approximately one-third of infertilemen. Since the
cause is not known, a rational treatment cannot exist for these men.
Consequently, some specialists propose assisted reproduction. Intra-
uterine insemination, in vitro fertilization (IVF), and fertilization by
means of ICSI open possibilities for paternity when rational treatments
are not available. Often, early preventive treatment, long before paterni-
ty is considered, is the most effective way to preserve fertility (Table 1).

4.1. Rational treatment

While there are no effective treatments to improve fertility in men
with primary hypogonadism, treatment with gonadotropin-releasing
hormone (GnRH) and/or gonadotropins can induce and maintain sper-
matogenesis in men with secondary hypogonadism. Men with hypo-
thalamic disturbances, such as Kallman syndrome or other idiopathic
hypogonadotropic hypogonadism, can undergo pulsatile GnRH treat-
ment or gonadotropin treatment, whereas those with pituitary insuffi-
ciency can only be treated with gonadotropins. Since this stimulatory
treatment also stimulates endogenous testosterone production by Leydig
cells, testosterone substitution is interrupted. Once paternity has been
achieved, treatment is switched back to testosterone substitution. Pitui-
tary prolactinomas can be effectively treated with dopamine agonists.
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Sexually transmitted diseases, even in subclinical forms, have be-
come a major cause of male and female infertility. Other than HIV, the
most common are chlamydia, gonorrhea, syphilis, genital herpes,
human papilloma virus, hepatitis B, trichomoniasis, and bacterial vagi-
nosis. These diseases can be prevented by refraining from sexual activi-
ty, at least with infected partners, and by using condoms. However,
although condoms act as barriers to infectious agents, disease transmis-
sion may occur in some cases. Early antibiotic treatment is the treat-
ment of choice. Before the introduction of antibiotics, and in regions
where antibiotics are not readily available, obstruction of the seminal
ducts and azoospermiawere and are common consequences of sexually
transmitted diseases, especially gonorrhea.

Once obstruction of the seminal ducts has caused azoospermia,
refertilization can be attempted by microsurgical epididymovasostomy
or vasovasostomy. These techniques can also be used to reverse the
contraceptive effect of vasectomy. Although these operations allow
sperm to reappear in semen in about 50% of cases, pregnancy may be
prevented by sperm antibodies that have developed owing to impair-
ment of the blood-testis barrier. When the problem remains, some
men resort to ART to avoid repeated refertilization procedures.

Chronic diseases, such as diabetesmellitus, whichmay lead to retro-
grade ejaculation, and renal failure, are often accompanied by infertility.
In affected menwho desire to become fathers, the best treatment is im-
provement of the disease. If improvement is not obtained, symptomatic
treatment becomes the only choice. Many drugs interfere with fertility,
however, and these should be avoided.

4.2. Preventive treatment

Sperm quality andDNA integrity in the adult male can be affected by
environmental, occupational, and lifestyle factors. However, in addition
to intoxication of industrial or accidental origin, smoking is the only
well-documented intoxicating factor with a detrimental effect on
human fertility [26,27].

Testicular maldescent, the failure of one or both testes to descend
into the scrotal sac, is the most frequent congenital birth defect in
male children. Maldescent is the best-characterized risk factor for both
infertility and testicular cancer in adulthood. As the effects of human
chorionic gonadotropin and gonadotropin-releasing hormone treat-
ments are controversial, orchidopexy became the preferred treatment.
The recommended timing for orchidopexy is between the ages of 6
and 12 months, to increase the chances of preserving spermatogonia
for spermatogenesis later in life. Fertility is impaired in 33% of the
men who underwent unilateral and 66% of the men who underwent
bilateral orchidopexy as infants, and the lifetime cancer risk is 5 to 10
times greater in these men than in the general male population. The
UK National Screening Committee policy on screening newborn boys
for cryptorchidism recommends the following: screening for unde-
scended and maldescended testes both within 72 hours of birth and at
the checkup between the 6th and 8th week [28]. Boys with a history
of undescended testis should be rescreened during and after puberty
because of the risk of testicular malignancy [29].

Sperm cryopreservation preserves fertility, especially in men with
cancer. Performed for several decades, it has proved successful in main-
taining the fertilizing capacity of sperm for an acceptable pregnancy rate.

4.3. No therapeutic options

It appears self-evident that men with bilateral anorchia, i.e., with no
testis on either side, are absolutely infertile. Men who may have testes
without spermatogenic tissue, i.e., who have complete Sertoli-cell-only
syndrome or gonadal dysgenesis, are also absolutely infertile. Until the
arrival of testicular sperm extraction and ICSI, specialists were of the
opinion thatmenwith Klinefelter syndromewere also irreversibly infer-
tile. Since then, a single sperm cell found in semen or in testicular tissue
can be used to fertilize an egg and to induce a pregnancy. In a review
published in 2004, Lanfranco et al. [30] reported that paternity had
been achieved via testicular spermextraction and ICSI for approximately
10% of the men with the 47,XXY karyotype who wished to become fa-
thers. Moreover, studies with mice indicate that pluripotent stem cells
may bring fertility even to anorchic men [31].

4.4. Empirical treatment

Since hormones are necessary for normal spermatogenesis, and
GnRH and gonadotropin treatments are effective in men with hypogo-
nadotropic hypogonadism, hormones and antihormones have been ex-
tensively used in men with idiopathic infertility. However, pregnancy
rates following these treatments could not be shown to be better than
placebo. Androgens have been prescribed for many years, especially
mesterolone. A meta-analysis has revealed, however, that 359 men
needed to be treated to achieve 1more pregnancy than in untreated con-
trols [32]. Finally, antiestrogens are prescribed under the assumption
that the resulting increase in endogenous gonadotropins will improve
semen quality and enhance the chances for pregnancy. However, a
meta-analysis of all published controlled studies demonstrates that this
is actually not the case. [32]. In addition, tamoxifen, if taken over long
periods, may have toxic effects. Kinins (kallikrein and, more recently,
angiotensin-converting enzyme inhibitors for their actions on kinins)
aswell as antioxidants, such as vitamin C, vitamin E, carnitine, and gluta-
thione, have been ineffective [32] or are still under evaluation [33]. For
more than 5 decades, surgical or radiologic occlusion of the spermatic
veins has been the treatment of choice for varicocele. However, con-
trolled trials revealed that intensive counseling of the couples and opti-
mization of the female reproductive function result in the same
pregnancy rates as interventional treatment for varicocele [34,35].

4.5. Symptomatic treatment

Since, in many cases, the causes of male infertility are unknown
or rational treatment is unavailable, therapeutic strategies using ART
have been developed to deal with childlessness exclusively as a symp-
tom, without removing the cause of the infertility itself (Table 1). Al-
though ART provides a powerful tool to treat male infertility, the
description of ART goes beyond the scope of the present paper, and
the reader is referred to reviews of the topic [36].

5. Conclusion

Despite significant recent progress in the pathophysiology of male
infertility, the number of conditions whose cause can be treated ratio-
nally remains small. However, the prevailing situation should be consid-
ered temporary, as andrologic research may succeed in developing
treatments that will make ART no longer useful to infertile men. Mean-
while, considering the interdependence of male and female reproduc-
tive functions, optimization of female reproductive functions remains
of paramount importance to compensate for any male failures.
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