2360 causes a selective increase of FSH. Testosterone reaches very high

concentrations locally in the testis and is essential for spermatogenesis. The cooperative actions of FSH and testosterone are important
in the progression of meiosis and spermiation. FSH and testosterone
regulate germ cell survival via the intrinsic and the extrinsic apoptotic
mechanisms. FSH may also play an important role in supporting spermatogonia. Gonadotropin-regulated testicular RNA helicase (GRTH/
DDX25), a testis-specific gonadotropin/androgen-regulated RNA helicase, is present in germ cells and Leydig cells and may be an important
factor in the paracrine regulation of germ cell development. Several
cytokines and growth factors are also involved in the regulation of
spermatogenesis by paracrine and autocrine mechanisms. A number
of knockout mouse models exhibit impaired germ cell development or
spermatogenesis, presaging possible mutations associated with male
infertility. The human Y chromosome contains a small pseudoautosomal region that can recombine with homologous regions of the X
chromosome. Most of the Y chromosome does not recombine with
the X chromosome and is referred to as the male-specific region of
the Y (MSY). The MSY contains 156 transcription units that encode
for 26 proteins, including nine families of Y-specific multicopy genes;
many of these Y-specific genes are also testis-specific and necessary for
spermatogenesis. Microdeletions of several Y chromosome azoospermia factor (AZF) genes (e.g., RNA-binding motif, RBM; deleted in
azoospermia, DAZ) are associated with oligospermia or azoospermia.
Treatment
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Treatment options for male factor infertility have expanded greatly
in recent years. Secondary hypogonadism is highly amenable
to treatment with pulsatile GnRH or gonadotropins (see below).
Assisted reproductive technologies such as the in vitro fertilization
(IVF) and intracytoplasmic sperm injection (ICSI) have provided new
opportunities for patients with primary testicular failure and disorders of sperm transport. Choice of initial treatment options depends
on sperm concentration and motility. Expectant management
should be attempted initially in men with mild male factor infertility (sperm count of 15–20 × 106/mL and normal motility). Moderate
male factor infertility (10–15 × 106/mL and 20–40% motility) should
begin with intrauterine insemination alone or in combination with
treatment of the female partner with clomiphene or gonadotropins,
but it may require IVF with or without ICSI. For men with a severe
defect (sperm count of <10 × 106/mL, 10% motility), IVF with ICSI or
donor sperm should be used.

Clinical and Laboratory Evaluation of Male
Reproductive Function
History and Physical Examination
The history should focus on developmental stages such as puberty and
growth spurts, as well as androgen-dependent events such as early
morning erections, frequency and intensity of sexual thoughts, and
frequency of masturbation or intercourse. Although libido and the
overall frequency of sexual acts are decreased in androgen-deficient
men, young hypogonadal men may achieve erections in response to
visual erotic stimuli. Men with acquired androgen deficiency often
report decreased energy and increased irritability.
The physical examination should focus on secondary sex characteristics such as hair growth, gynecomastia, testicular volume, prostate,
and height and body proportions. Eunuchoid proportions are defined
as an arm span >2 cm greater than height and suggest that androgen
deficiency occurred before epiphyseal fusion. Hair growth in the face,
axilla, chest, and pubic regions is androgen-dependent; however,
changes may not be noticeable unless androgen deficiency is severe
and prolonged. Ethnicity also influences the intensity of hair growth
(Chap. 68). Testicular volume is best assessed by using a Prader orchidometer. Testes range from 3.5 to 5.5 cm in length, which corresponds
to a volume of 12–25 mL. Advanced age does not influence testicular
size, although the consistency becomes less firm. Asian men generally
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have smaller testes than Western Europeans, independent of differences in body size. Because of its possible role in infertility, the presence of varicocele should be sought by palpation while the patient is
standing; it is more common on the left side. Patients with Klinefelter’s
syndrome have markedly reduced testicular volumes (1–2 mL). In
congenital hypogonadotropic hypogonadism, testicular volumes provide a good index for the degree of gonadotropin deficiency and the
likelihood of response to therapy.
Gonadotropin and Inhibin Measurements
LH and FSH are measured using two-site immunoradiometric, immunofluorometric, or chemiluminescent assays, which have very low
cross-reactivity with other pituitary glycoprotein hormones and
human chorionic gonadotropin (hCG) and have sufficient sensitivity
to measure the low levels present in patients with hypogonadotropic
hypogonadism. In men with a low testosterone level, an LH level can
distinguish primary (high LH) versus secondary (low or inappropriately normal LH) hypogonadism. An elevated LH level indicates a
primary defect at the testicular level, whereas a low or inappropriately
normal LH level suggests a defect at the hypothalamic-pituitary level.
LH pulses occur about every 1–3 h in normal men. Thus, gonadotropin levels fluctuate, and samples should be pooled or repeated when
results are equivocal. FSH is less pulsatile than LH because it has a
longer half-life. Selective increase in FSH suggests damage to the seminiferous tubules. Inhibin B, a Sertoli cell product that suppresses FSH,
is reduced with seminiferous tubule damage. Inhibin B is a dimer with
α-βB subunits and is measured by two-site immunoassays.
GnRH Stimulation Testing The GnRH test is performed by measuring
LH and FSH concentrations at baseline and at 30 and 60 min after
intravenous administration of 100 μg of GnRH. A minimally acceptable response is a twofold LH increase and a 50% FSH increase. In the
prepubertal period or with severe GnRH deficiency, the gonadotrope
may not respond to a single bolus of GnRH because it has not been
primed by endogenous hypothalamic GnRH; in these patients, GnRH
responsiveness may be restored by chronic, pulsatile GnRH administration. With the availability of sensitive and specific LH assays, GnRH
stimulation testing is used rarely except to evaluate gonadotrope function in patients who have undergone pituitary surgery or have a spaceoccupying lesion in the hypothalamic-pituitary region.
Testosterone Assays
Total Testosterone Total testosterone includes both unbound and
protein-bound testosterone and is measured by radioimmunoassays,
immunometric assays, or liquid chromatography tandem mass spectrometry (LC-MS/MS). LC-MS/MS involves extraction of serum by
organic solvents, separation of testosterone from other steroids by
high-performance liquid chromatography and mass spectrometry, and
quantitation of unique testosterone fragments by mass spectrometry.
LC-MS/MS provides accurate and sensitive measurements of testosterone levels even in the low range and is emerging as the method
of choice for testosterone measurement. Laboratories that have been
certified by the Centers for Disease Control and Prevention (CDC)
Hormone Standardization Program for Testosterone (HoST) can
ensure that testosterone measurements are accurate and calibrated to
an international standard. A single fasting morning sample provides
a good approximation of the average testosterone concentration with
the realization that testosterone levels fluctuate in response to pulsatile LH. Testosterone is generally lower in the late afternoon and is
reduced by acute illness. The testosterone concentration in healthy
young men ranges from 300 to 1000 ng/dL in most laboratories, and
efforts are under way to generate harmonized population-based reference ranges that can be applied to all CDC-certified laboratories.
Alterations in SHBG levels due to aging, obesity, diabetes mellitus,
hyperthyroidism, some types of medications, or chronic illness or on
a congenital basis can affect total testosterone levels. Heritable factors
contribute substantially to the population-level variation in testosterone levels, and genome-wide association studies have revealed polymorphisms in the SHBG gene as important contributors to variation
in testosterone levels.
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