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ABSTRACT

Extraordinary advances have been achieved in the field of male infertility in the last decades. There are new
concepts in sperm physiology and several modern tools for the assessment of spermatogenesis kinetics in vivo. New tests
using molecular biology and DNA damage assays allow the clinician to correctly diagnose men so far classified as having
idiopathic male infertility. In the field of treatment, microsurgery has increased success rates either for reconstruction of
the reproductive tract or the retrieval of spermatozoa for assisted conception. Emerging evidence suggests that life-style
and environmental conditions are of utmost importance in male fertility and subfertility. This review discusses several
concepts that have changed over the last years, such as the duration of the spermatogenic cycle in humans, Y-chromosome
infertility, the reproductive potential of non-mosaic Klinefelter syndrome men, the impact of paternal age and sperm DNA
in male infertility, the role of antioxidants in the treatment of infertile men, the predictive factors and techniques for sperm
retrieval in non-obstructive azoospermia, and the microsurgical treatment of clinical varicoceles. Whenever possible, levels
of evidence are provided as suggested by the Oxford Center of Evidence-based Medicine.
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INTRODUCTION

Approximately 8% of men in reproductive
age seek medical assistance for fertility-related
problems. Of these, 1-10% carries conditions that
compromise the reproductive potential; varicocele
accounts for 35% of the cases (1). The urologist’s
role in this field cannot be underestimated. He/she
is trained to diagnose, counsel, provide medical or
surgical treatment whenever possible and correctly
refer the male patient for assisted conception. By
integrating the reproductive team, the urologist is
responsible for the above-cited tasks and to perform
surgical sperm retrieval.

The urologist should also be aware of the
recently published evidence that have challenged
several established concepts in male infertility. This

review discusses the main concepts that have changed
over the previous years and provides the levels of evi-
dence, whenever possible, as suggested by the Oxford
Center of Evidence-based Medicine (2).

DURATION OF THE SPERMATOGENIC
CYCLE

Misell et al. (2006) have shown for the first
time that the time from initiation of spermatogenesis
to appearance in the ejaculate is approximately 64
days, significantly shorter than the previously sus-
pected 70 to 80-day period (3). Men with normal
sperm concentrations ingested *H,O daily and semen
samples were collected every 2 weeks for up to 90
days. *H,O label incorporation into sperm DNA was
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quantified by gas chromatography/mass spectrometry,
allowing calculation of the percent of new cells. The
overall mean time to detection of labeled sperm in
the ejaculate was 64+8 days (range 42-76). They also
observed biological variability, thus contradicting the
current belief that spermatogenesis duration is fixed
among individuals. All subjects achieved greater than
70% new sperm in the ejaculate by day 90, but plateau
labeling was not attained in most, suggesting rapid
washout of old sperm in the epididymal reservoir (4).
Their data also suggested that in normal men, sperm
released from the seminiferous epithelium enter in the
epididymis in a coordinated manner with little mixing
of old and new sperm before subsequent ejaculation.
This is also a new concept, because it had been sug-
gested that because of mixing, in any segment of the
epididymal duct, the population of sperm would be
heterogeneous in age and biological status.

Y-CHROMOSOME INFERTILITY

Y-chromosome infertility is characterized
by azoospermia or severe to moderate oligozoosper-
mia, although rare cases of mild oligozoospermia
(5-20x10° sperm/mL semen) may occur. Men with
Y-chromosome infertility have no obvious symptoms,
but physical examination may reveal small testes
and/or cryptorchidism or varicoceles. One report
suggested that a specific deletion in the AZFc region
(gr/gr) might increase the susceptibility to testicular
cancer (5). The prevalence of Y-chromosome micro-
deletions is estimated to be about 1:2000 to 1:3000
males; the frequency in males with azoospermia or
severe oligozoospermia is about 5%-12%, although
a marked difference is reported in different world
regions (6).

Clinically available molecular testing may
reveal microdeletions in the long arm of the Y-chro-
mosome The diagnosis of Y-chromosome microdele-
tions consists of a series of polymerase chain reaction
amplifications within relatively broad regions of the
Y-chromosome. Originally, three regions were de-
fined: AZFa, AZFb and AZFc (azoospermia factor),
which map on the long arm (Yq) from the centromere
to the telomere (7). A fourth region, named AZFd,
located between AZFb and AZFc¢ was also reported.

The relative frequency of individual microdeletions
are 60%, 5% and 16% for AZFc, AZFa and AZFb
regions, but combined deletions occur in about 15%
of cases (8). Because deletions tend to occur between
large palindromic repeats, Repping et al. (2002)
proposed a more appropriate nomenclature using the
name of the flanking repeats for the types of recurrent
deletions (7) (Figure-1).

Pregnancies can be achieved by in vitro
fertilization (IVF) using intracytoplasmic sperm
injection (ICSI) in males with Y-chromosome in-
fertility exhibiting oligozoospermia or azoospermia
with retrievable testicular sperm (9,10). The pres-
ence of a deletion has no apparent negative effect
on fertilization or pregnancy and it does not increase
the risk for birth defects in children conceived via
assisted reproduction technology (ART) (11) (Level
C evidence). The presence of sperm in men with
Y-chromosome microdeletions varies with the type
of deletion. Testicular phenotypes associated with
microdeletions in the AZFa region are the most se-
vere and include Sertoli cell-only (SCO) pattern on
testis histology (10). Testicular phenotypes associ-
ated with microdeletions restricted to AZFc ranged
from azoospermia to moderate oligozoospermia
whereas AZFb microdeletions are often associated to
azoospermia. Individuals with AZFd microdeletions
manifest the broadest range of testicular phenotypes.
In partial and complete AZFc deletion azoospermic
patients, sperm can be found in the testis in 70% of
the cases. In contrast, the chance of finding sperm
in azoospermic men with complete AZFa or AZFb
deletions is unlikely (11) (Level C evidence). Large
deletions involving multiple AZF regions generally
present with testicular phenotypes similar to those
restricted to AZFa (6).

Y-chromosome infertility is inherited in a
Y-linked manner. Deletions are usually de novo and
therefore not present in the father of the proband.
Rarely, within a family, the same deletion of the Y
chromosome can cause infertility in some males but
not in others; hence, some fertile males with deletion
of the AZF regions have fathered sons who are infer-
tile (12). In pregnancies achieved from males with
infertility caused by deletion of the AZF regions using
ICSI, male offspring have the same deletion as their
father.
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Figure 1 — Illustration of the Y chromosome in humans and the regions involved in fertility and infertility. Interstitial or terminal dele-
tions that include AZFa, often mediated by recombination between the HERV15yq1-HERV15yq2 repeats, usually produce the severe
phenotype of Sertoli-cell-only syndrome. Interstitial or terminal deletions that include AZFb and/or AZFb+c (hereafter designated
AZFb/c) are mediated by recombination between palindromic repeats, either P5/proxP1, P5/distP1, or P4/distP1. These deletions usu-
ally result in azoospermia. Interstitial or terminal deletions that include AZFc only are mediated by recombination between the b2/b4
palindromic repeats and result in a variable phenotype, ranging from azoospermia and SCOS to severe or mild oligozoospermia. This
type of deletion can occasionally be associated with normal fertility in younger males, with the phenotype worsening with age. Such
individuals should consider cryopreservation of ejaculated sperm in early adulthood. Two partial deletions of AZFc, called b1/b3 and
gr/gr, are considered polymorphisms. (Adapted from Am J Hum Genet. 71(4), Repping S et al., Recombination between Palindromes
P5 and P1 on the Human Y Chromosome Causes Massive Deletions and Spermatogenic Failure, pages: 906-22, Copyright 2002, with

permission from Elsevier).

REPRODUCTIVE POTENTIAL OF NON-
MOSAIC KLINEFELTER SYNDROME
MEN

The frequency of Klinefelter syndrome (KS),
a specific chromosomal abnormality (47,XXY), is
0.2% of male newbornsand 11% of azoospermic men
(13). The sterility of KS is due to the high prevalence
of'azoospermia presentin 92% of KS men; the remain-
der have a median of 0.1 million sperm/mL. Never-
theless, sperm are found in 50% of cases on testicular
exploration and pregnancy rates by ICSI range from
30% to 50% (13). None of the clinical parameters are
predictive of success in sperm retrieval.

KS men fathered more than 60 children
worldwide; ~50 had karyotype analysis all being
normal (13,14). Sciurano et al. (2009) have shown
that seminiferous tubuli with germ cells represents

only a minor fraction of all tubuli in men with non-
mosaic KS. Using fluorescence in situ hybridization
(FISH), they showed that meiotic spermatocytes are
euploid, and thus can form normal, haploid gametes.
Sertoli cells showed two marks for the X chromosome,
meaning that they were 47, XXY (15). These new
findings may explain the high rate of normal children
born after testicular sperm extraction plus ICSI when
applied to KS.

Sperm retrieval rate appeared to be lower
(20%) in KS men who previously received exogenous
androgens (13). Such treatment may suppress the
hypothalamic-pituitary-testis axis, impairing FSH
secretion and decreasing intratesticular androgen
levels that could impair spermatogenesis. Ramasamy
et al. (2009) showed that other medications leading
to endogenous testosterone increase seem to benefit
KS men. In their study, KS men with either normal or
low baseline testosterone but who respond to medical
therapy (aromatase inhibitors, clomiphene or human
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chorionic gonadotropin) had a better chance of sperm
retrieval (77% vs. 55%) (16) (Level C evidence).

PATERNAL AGE AND INFERTILITY

There is a general belief that the fertility po-
tential of older man is fairly well preserved. However,
recent evidence support the concept that advanced
paternal age is associated with an increase in sperm
chromosomal aneuploidy (17,18). The risk for a father
over 40 years-old to have a child with an autosomal
dominant mutation equals the risk of Down syndrome
for a child whose mother is 35-40 years-old. Also,
fathers over the age of 40 had a 20% greater chance
of having a baby born with a serious birth defect
(18). Moskovtsky et al. (2006) demonstrated that
the rate of sperm with fragmented DNA doubled in
men 45 years and older compared to those less than
30 years old (19) (Level B evidence). Siddighi et al.
(2007) showed increased necrosis, DNA damage and
apoptosis while rapid progression and total motility
declined with advancing male age beginning as early
as age 35 (20). Plastira et al. (2007) demonstrated that
increased age in infertile patients was associated with
an increase in sperm DNA fragmentation and poor
chromatin packaging, as well as with a decline in
semen volume, sperm morphology and motility (21)
(Level C evidence). The current findings may help
to define better cut-off age limits for donor sperm
banking guidelines.

SPERM DNA INTEGRITY AND
FERTILITY

In clinical practice, traditional semen analysis
maintains its central role in the assessment of male
fertility potential. However, in several cases abnor-
malities in the male genome characterized by dam-
aged sperm DNA may be indicative of subfertility
regardless of routine semen parameters (22).

Assays to evaluate sperm chromatin/DNA
integrity can be divided in three groups (23): a)
sperm chromatin structural probes using nuclear dyes
(e.g. microscopic acridine orange test [AOT], sperm
chromatin structural assay [SCSA], aniline blue test

[AB], chromomycin- A3 [CMA3] and toluidine
blue [TB], b) tests for direct assessment of sperm
DNA fragmentation (e.g. terminal deoxynucleotidyl
transferase mediated dUTP nick end labeling assay
[TUNEL] and single-cell gel electrophoresis assay
[COMET], and c) sperm nuclear matrix assays (e.g.
sperm chromatin dispersion test). Sperm DNA dam-
age levels are significantly different between fertile
and infertile men. The probability of fertilization in
vivo and by intrauterine insemination (IUI) seems to
be close to zero if the proportion of sperm cells with
DNA damage exceeds 30% (DFI) as detected by
SCSA (24) (Level B evidence). Semen samples con-
taining >12% sperm with fragmented DNA (TUNEL)
resulted in no pregnancies in [UI (25). Sperm DNA
damage is negatively correlated with embryo quality
and blastocyst formation in IVF cycles and with fer-
tilization rates in both IVF and ICSI (26). However,
successful pregnancies in [IVF/ICSI can be obtained
using semen samples with high proportion of DNA
damage. Bungum et al. (2004) demonstrated that
higher clinical pregnancy rates (52.9 % vs. 22.2 %)
and delivery rates (47.1 % vs. 22.2 %) were obtained
after ICSI as compared to IVF when semen samples
with high levels of sperm DNA damage were used,
as previously suggested (27) (Level B evidence).
Despite these data, a recent meta-analysis failed to
support the concept that DNA integrity testing was
more predictive for [IVF than ICSI, and even that such
testing is predictive of pregnancy outcome either in
IVF or ICSI (28) (Level A evidence).

The proportion of sperm with DNA damage
was shown to be higher in men from couples with
recurrent pregnancy loss compared to the general
population or fertile donors (29). It is suggested that
39% of miscarriages could be predicted using a com-
bination of sperm DNA integrity assays (30) (Level
C evidence). Aitken and Krausz (2001) proposed
that sperm DNA damage is promutagenic; mutations
can occur after fertilization as the oocyte attempts to
repair DNA damage prior to the initiation of the first
cleavage. Mutations occurring at this point will be
fixed in the germline and may be responsible for the
induction of infertility, childhood cancer in the off-
spring and higher risk of imprinting diseases (31). So
far, follow-up of children born after ICSI compared
with children born after conventional IVF have not
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been conclusive regarding the risks of congenital mal-
formations, imprinting diseases and health problems
in general (32).

Existing data justify the introduction of sperm
DNA damage assessment into the male infertility
workup, but current evidence are not strong enough
to provide a clinical indication for routine use in
infertility evaluation (23,28) (Level A-B evidence).
Sperm DNA damage testing may be indicated in un-

explained or idiopathic infertility, when a traditional
semen analysis is normal and no evident female re-
productive system pathologies can be revealed, and
in selected cases of recurrent miscarriage. The ART
method of choice can be recommended based on
sperm DNA damage results and testicular instead of
ejaculated sperm may be used for ICSI attempting
to optimize reproductive outcomes in selected cases.
Whether sperm DNA damage can be treated, allow-
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Figure 2 — Relationship of the primary pathologies of the male reproductive system, oxidative stress and infertility.
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ing these couples to switch from ICSI to IVF/IUI or
even achieve a pregnancy in a natural way, remains
to be elucidated (33).

OXIDATIVE STRESS AND INFERTILITY

Oxidative stress (OS) is induced by reactive
oxygen species (ROS) (33). Normal levels of ROS are
required for sperm physiology, but excessive levels of
ROS can negatively affect sperm quality (Figure 2).
The OS-induced sperm damage has been suggested
to be a significant contributing factor in 30—-80% of
all cases of male infertility (34). The generation of
ROS can be exacerbated by environmental, infec-
tious, and lifestyle etiologies (35-37). For example,
exposure to cigarette smoke generates high levels of
OS, directly increasing seminal leukocyte concentra-
tions and seminal ROS generation, and decreasing
seminal levels of the antioxidant enzyme superoxide
dismutase (SOD). Smoking decreases concentrations
of the seminal plasma antioxidants thereby reducing
the oxidant scavenging capacity of the spermatozoa
and seminal fluid (38).

Oxidative stress can be measured using direct
and indirect assays. Direct assays measure the net
oxidative sum of the balance between ROS produc-
tion and intra- and extracellular antioxidants that
scavenge ROS. The most used direct assay measures
malondialdehyde, one of the final products of sperm
cell membrane lipid peroxidation. Quantification of
sperm DNA damage has also been used as a direct as-
say of intracellular ROS-induced oxidant injury (39).
The most common indirect method for seminal ROS
measurement is via chemiluminescence. Luminol or
lucigen probes can be used for quantification of redox
activities of spermatozoa; they have well established
reported ranges for fertile and infertile populations
thus bringing clinical relevance to its use (39).

Recent reports have focused on the therapeu-
tic management of OS in male infertility. Varicocele
increase OS levels in the testes as well as semen,
and varicocelectomy may decrease seminal OS,
increase seminal concentrations of antioxidants and
also improve sperm quality (40) (Level C evidence).
In recent years, interest has increased in the role of
antioxidants and B vitamins as modulators of fertility
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outcome. The antioxidants alpha-tocopherol (Vita-
min A), ascorbic acid (Vitamin C) and the retinoids
(Vitamin A) are potent scavengers of ROS. Deficient
vitamin-B concentrations cause elevated homocys-
teine concentrations and impair the remethylation
cycle of phospholipids, proteins, DNA, and RNA.
These processes are essential in spermatogenesis.
Wong et al. (2002) demonstrated that folic acid (5 mg)
and zinc phosphate (66 mg) caused a 74% increase
of total normal sperm count in subfertile men (41)
(Level B evidence). Boxmeer et al. (2009) reported
for the first time that a low folate concentration in
seminal plasma is associated with more sperm DNA
damage in fertile men (42). Folate shortage increases
DNA fragility due to the misincorporation of uracil
instead of thymine. Greco et al. (2005) studied a large
cohort of infertile men with >15% DNA-fragmented
spermatozoa treated with either 1 gram of Vitamin
C and E daily or placebo for two months, and dem-
onstrated that the percentage of DNA-fragmented
spermatozoa was reduced, but with no effects on the
sperm parameters (43). The authors further went on
to demonstrate that supplementation with vitamins E
and C significantly increased rates of clinical preg-
nancy and implantation following ICSI (44) (Level
B evidence). Recently, a case series study suggested
that an increased intake of antioxidant-rich food or
antioxidant supplements (see appendix) by men with
high levels of sperm DNA fragmentation or lipid per-

Appendix

Antioxidant-rich food: B-carotene (carrots, spinach,
tomatoes, papaya, guava, cherries, melons, peaches),
vitamin C (guava, kiwi, mango, pineapple, melons,
strawberries, berries, tomatoes, broccoli, cabbage,
oranges, lemons and other citrus fruits), vitamin E
(lettuce, peanuts, almonds, coconut, corn, soy or olive
oil; wheat and corn germ; cereals), zinc (asparagus,
potatoes, vegetables, eggs, fish). Commercial mul-
tivitamins most often contain B-carotene (5000 IU),
vitamin C (60 mg), vitamin E (30 IU), and zinc (15

mg).
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oxidation may result in an improvement in gestational
outcomes for couples with recurrent embryo losses
(45) (Level C evidence).

PREDICTIVE FACTORS AND
TECHNIQUES FOR SPERM RETRIEVAL
IN NON-OBSTRUCTIVE AZOOSPERMIA

To date, there are still no absolute preopera-
tive predictive factors for successful sperm retrieval
(SR), although the probability seems to depend on
the biopsy technique. Microdissection testicular
sperm extraction (micro-TESE) has been shown to
be more successful in sperm retrieval than a single
biopsy or multiple random biopsies (46,47) (Level C
evidence). Moreover, micro-TESE seems to have less
effect on testicular function because it spares vessels
during dissection and removes less tissue than random
biopsies (48).

The concept that elevated FSH levels are
associated with male sterility has now been chal-
lenged. Serum FSH is an indirect reflection of the
global spermatogenic function and testis histology.
In cases of diffuse maturation arrest (MA), adequate
control feedback from germ cells and Sertoli cells
exists despite the absence of sperm production (49).
Sperm retrieval techniques can obtain sperm from the
testicle even in cases of elevated FSH, but their results
depend on the retrieval method. Bromage et al. (2007)
reported that the probability for sperm retrieval in non
obstructive azoospermia (NOA) men with elevated
FSH are lower using random biopsy TESE (50), while
Ramasamy et al. (2009) demonstrated nearly identical
retrieval rates by micro-TESE of ~60% regardless of
FSH levels (51) (Level B evidence).

Testicular histology is considered the best
predictor for successful sperm retrieval in NOA.
However, even the combination of histology and
FSH results provides only a ‘fair’ accuracy rate of
0.74 (52) (Evidence level B). Nonetheless, Esteves et
al. (2006) have shown that SR by micro-TESE were
significantly higher in cases of hypospermatogenesis
or MA (100% and 75%, respectively) as compared to
SCO (32%) (53), thus highlighting the concept that
even the more adverse histological pattern cannot de-
termine if sperm are present elsewhere in the testis.

1"

Recently, the importance of surgical treatment
prior to sperm retrieval in NOA men has been high-
lighted. Inci et al. (2009) reported that treatment of
clinical varicoceles prior to SR increased the chance
of obtaining testicular sperm using micro-TESE in a
group of NOA individuals with clinical varicoceles
(54). Retrieval rates were 53% and 30% in the treated
and untreated men, respectively (odds-ratio [OR]:
2.63; 95% confidence interval [CI] of 1.05-6.60)
(Level C evidence).

MICROSURGICAL TREATMENT OF
CLINICAL VARICOCELES

Although several studies demonstrated the
beneficial effect of the surgical treatment of clinical
varicoceles in infertility (40,55), a recent meta-analy-
sis concluded that treatment of varicocele in men from
couples with otherwise unexplained subfertility could
not be recommended (56) (Level B evidence). This
meta-analysis was challenged by Ficcara et al. (20006),
who argued that less than half of the studies in the
Cochrane review included patients with abnormal
semen analysis and palpable varicocele and dem-
onstrated that its methodology and statistical power
was poor, thereby minimizing its significance against
varicocele repair (57). The most recent meta-analysis
on varicocelectomy unequivocally demonstrated that
the chances of obtaining a spontaneous conception
were 2.8 times higher in the varicocelectomy group as
compared to the group of patients who received either
no treatment or medication (58) (Level A evidence).
Recently, it has been shown that treatment of clinical
varicoceles may also improve the outcomes of assisted
reproduction in couples with varicocele-related infer-
tility. Esteves et al. (2010) observed higher pregnancy
rates after ICSI in the group of men who underwent
microsurgical varicocele repair before ART (60.3%
versus 45.0%), and logistic regression showed that
the chance of obtaining a clinical pregnancy was
increased by 69% if the varicocele had been treated
before ICSI (OR: 1.69, 95% CI 1.00-2.84). Also, the
chance of having a miscarriage after ICSI was sig-
nificantly reduced by 2.3 times if the varicocele had
been treated (OR: 0.433; 95% CI1 0.22-0.83; P=0.01)
(59). (Level C evidence).
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To date varicoceles are treated using differ-
ent techniques. A recent systematic review including
4,473 individuals concluded that open microsurgical
inguinal or sub-inguinal varicocelectomy techniques
resulted in higher spontaneous pregnancy rates with
fewer recurrences and postoperative complications
than laparoscopic, radiologic embolization and mac-
roscopic inguinal or retroperitoneal varicocelectomy
(60) (Level A evidence).

CONCLUSIONS

The entire duration of the spermatogenic
cycle is shorter (~60 days) than the previously
suspected 70 to 80-day period. About 10% of the
infertile male population previously misdiagnosed as
idiopathic have de novo Yq microdeletions, and the
presence or absence of sperm (ejaculated or retrieved)
vary depending on the specific deletion. Although
no treatment exists, ICSI may be effective but the
male offspring will inherit the same deletion as their
father. In ~50% of non-mosaic KS azoospermic men
testicular sperm are found by micro-TESE. Children
born after ICSI using testicular sperm from KS men
have normal karyotype because the minor foci of
germ cells into the seminiferous tubuli are euploid.
Sperm quality declines with paternal age beginning
as early as age 35, and it may explain certain cases
of male infertility, recurrent miscarriages and the
occurrence of autosomal dominant, single gene
disorders in offspring. Abnormalities in the male
genome characterized by damaged sperm DNA may
be indicative of male subfertility regardless of normal
routine semen parameters. DNA integrity testing
is now clinically available and results may predict
reproductive outcomes. Oxidative stress is associ-
ated with sperm quality and infertility. Therapeutic
measures to decrease OS, including lifestyle modi-
fications, varicocelectomy in selected cases and the
use of vitamins/antioxidants, show promising results.
In the subset of men with NOA, FSH levels are not
predictive of SR or sterility. Micro-TESE yields the
best SR rates in NOA; success may be optimized by
surgical treatment of clinical varicoceles or by medi-
cal therapy in non-mosaic KS men. Microsurgical
varicocelectomy is associated with lower recurrence
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and complications. Spontaneous and assisted-con-
ception conception may be increased after repair
of clinical varicocele. We hope that our review will
provide a better understanding of evolving concepts
in the field of male infertility to urologists and male
infertility specialists. This increased knowledge will
no doubt aid in the better management and treatment
of the infertile male.
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