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Foreword

The Editors and Authors are to be congratulated on a timely, comprehensive,
and authoritative publication.

Every aspect of the management of male fertility is covered in great
detail, and I would suggest that this represents the first comprehensive review
of the subject, so thorough that this should be compulsory reading for all
clinicians involved in the management of the infertile couple.

Specifically, the authoritative statements about the importance of lifestyle
and of anabolic steroid abuse are important and timely. The recognition of the
possible advantages of fine needle aspiration (FNA) testicular mapping,
combined with micro-TESE (testicular sperm extraction) were timely, and
clear statements about the benefits of the treatment of varicocele should be
heeded by all who formerly ascribed to erroneous conclusions from
questionable meta-analyses.

The implication of the well-reasoned data presented is that investigation
and treatment of male infertility might reduce the overall need for assisted
reproductive technology (ART) and might also improve outcomes when ART
is inevitable.

Even those gynaecologists and specialists in reproductive medicine and
endocrinology, who have dedicated their careers to the management of
infertile couples by various means of assisted reproductive technology, and
who have seen and helped to develop advanced techniques, usually
laboratory-based, in the performance of intracytoplasmic sperm injection
therapy (ICSI) would concede, after reading this publication, that much can
and should be done to treat 50% of the problem, which relates to the male
factor.

Too often, urologists are only involved, usually at the request of the
patients, after several cycles of ICSI have failed, due to a male factor or to the
less helpful and vague diagnosis of unexplained infertility. Increasingly,
urologists are seeing cases of secondary infertility, where there has been a
similar failure of 1 or 2 cycles of ICSI. Not unreasonably, couples will often
ask why there was little attempt to investigate, diagnose and, where
appropriate, to treat the male factor. There are, of course, many reasons, some
cogent, to ignore the investigation of male factor infertility and to proceed
swiftly and efficiently to some form of ART. However, the most frequently



given reason is that treatment of male factor infertility “is seldom effective,
and that it is unknown whether such treatment positively influences the
outcome of ART.”

Each chapter in this book explains why these traditionally held views are
no longer tenable, and the use of case histories to illustrate effective treatment
strategies is thoroughly commendable.

This publication represents timely evidence for the need to investigate
and treat the infertile male; it is well presented, well referenced, and
authoritative; it is likely to encourage closer collaboration between
gynaecologists and urologists and will thus contribute to our common goal.

Mr. Jonathan W. A. Ramsay (Consultant Urologist and Andrologist,
Imperial College Healthcare NHS Trust, London, UK; and Chelsea and
Westminster Hospitals, Clinical Director, Andrology L.aboratory
(ICHNT), Hammersmith Hospital Site, London, UK)




Preface

Male infertility is a common problem and is encountered in isolation or in
conjunction with female reproductive problems in more than 50% of infertile
couples. In spite of this large prevalence, the provision for specialist health
care to address a male’s reproductive problems remains inadequate compared
to his female partner. This anomaly has led to a situation where semen
analysis has become the only arbitrator to offer expensive assisted
reproductive procedures. Doctors are quick to advise in vitro fertilization and
intracytoplasmic sperm injection procedures whenever the results of semen
analysis are suboptimal without offering additional tests to identify potential
reversible causes for the suboptimal result. Consequently, many men proceed
to assisted conception without being fully evaluated even when they have
severe but correctable forms of male infertility. However, the field of
andrology has been evolving over the past 30 years, which has led to a better
characterization of reproductive problems in the male. This has been driven
by the belief that men are entitled to know the cause of their reproductive
impediment whenever possible. Moreover, the sound clinical diagnosis
facilitates medical and surgical therapies specific to these reproductive
problems. Even if the treatment to enhance sperm quality does not result in
spontaneous pregnancy, the improvement in sperm quality may by itself have
a positive impact on the outcome of assisted reproductive techniques.
Moreover, the careful diagnosis of the genetic causes of male infertility, such
as cystic fibrosis, promotes safer assisted conception.

Our book is organized as a case-based clinical guide to all clinicians
involved in managing male reproductive problems, including andrologists,
urologists, reproductive endocrinologists, gynaecologists with subspecialist
interested in andrology, and their trainees and specialist nurses. We chose the
case-based learning approach for the book to support the expanding interest
in andrology by presenting the most up-to-date clinical views on assessing
and managing fertility impediments in the male. We also feel that ours is a
timely book that aids many of us to address the needs of more discerning men
wanting to find out the root cause of their infertility and at the same time to
meet the demands of health systems driving for more efficient and safe
assisted conception technology.

The first two chapters focus on the clinical evaluation of the male fertility



potential. The chapter on semen analysis is written in a non-conventional way
to drive us away from the mechanistic approach of judging the result,
deepening our understanding of the necessity and the limitation of this basic
investigative tool. Each subsequent chapter addresses a well-defined clinical
problem with pertinent clinical scenarios to promote the clinical relevance of
the material presented. We avoid excessive theoretical details to allow
enough space for helpful clinical discussion and the sharing of clinical
experience in its diversity.

We are grateful to our contributors, who are distinguished leaders in the
field with extensive clinical experience from both sides of the Atlantic and
the Middle East. The chapters offer us the opportunity to expand our
knowledge by comparing our practice and procedures with those from other
parts of the world.

This book would not have been possible without the excellent support of
Springer International Publishing. We are thankful to Maureen Pierce,
Developmental Editor, for her constant support, and Kristopher Spring,
Editor at Springer, for managing this project. The editors are grateful to their
families for their love and support.

We genuinely hope that this volume will support and enrich your clinical
practice in clinical andrology.

Nabil Aziz
Ashok Agarwal
Liverpool, UK, Cleveland, USA
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Introduction

Making an accurate diagnosis is essential for optimal male infertility
management. Until recently, the assessment of the male had been largely
managed by the gynecologist, principally because in vitro fertilization (IVF)
is capable of overcoming many male-related semen abnormalities. With the
current advancements that are being witnessed in the study of men’s health,
such a practice, fortunately, is diminishing. The male is responsible for
roughly about 50% [1] of the etiology of infertility in couples and thus
receiving adequate evaluation and management is as important as female
counterpart management. Moreover, a specialized male fertility service
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would identify and treat a number of conditions that can avoid or ultimately
improve assisted reproduction outcomes as well as identify issues that can
negatively impact a man’s health. Microsurgical reconstructive surgery and
sperm retrieval are other examples of the unequivocal need of a specialized
male fertility service.

We initiate our discussion by presenting two cases that are commonly
seen in clinical practice:

e Case 1: A healthy 32-year-old gentleman presents complaining of
failure of conception after 8 months of unprotected intercourse. He
denies history of testicular injury, orchitis, undescended testes, or any
surgery to the genitourinary system. He has good libido and erectile
function. His partner is 27 years of age and has regular cycles and is
undergoing evaluation by a female fertility specialist. On physical
examination, his body mass index (BMI) is 22 kg/m?. He has normal
secondary sexual characteristics and normal hair distribution. Genital
examination reveals a right and left testicular size of 20 ml and 16 ml,
respectively. The vasa deferentia are palpable bilaterally and he has a
left grade 2 clinical varicocele.

e Case 2: A healthy 28-year-old gentleman presents complaining of
failure of conception after 14 months of regular unprotected intercourse.
He has been evaluated by his primary care physician with a semen
analysis that showed a normal volume azoospermia. He denies history of
testicular injury, orchitis, undescended testes, or any surgery to the
genitourinary system. He does not report erection issues but has been
noticing decreased sexual desire. His partner is 27 years of age with
irregular cycles and is currently undergoing evaluation for polycystic
ovarian syndrome by her gynecologist. On physical examination, he is
obese with a BMI of 36 kg/m?. He has normal secondary sexual
characters and normal hair distribution. Genital examination reveals a
testicular size of 8 ml bilaterally. The vasa deferentia are palpable
bilaterally with no clinically palpable varicocele.

Infertility is classically defined as the inability to conceive after at least

1 year of regular unprotected intercourse. It is a common medical condition
affecting between 9 and 25% of couples worldwide [2, 3]. Primary infertility
is a term given when no prior conception is attained, while secondary
infertility refers to delayed conception in a patient who was previously able to



cause a conception. In a systematic analysis of demographic and reproductive
health surveys, Mascarenhas et al. reported a 1.9 and 10.5% prevalence of
primary and secondary infertility, respectively [4]. Most clinical guidelines
agree that a fertility evaluation is generally advisable only after the time
frame definition is met. However, couples may be evaluated earlier in the
presence of male infertility risk factors such as a history of bilateral
cryptorchidism, female infertility risk factors including advanced female age,
or when the couple questions the male partner’s fertility potential [5]. In
addition, we will perform an abbreviated evaluation (focused history and
physical exam with semen analysis) in couples prior to 1 year if they express
a desire for earlier assessment. As such, the patient in case 1 may be offered
evaluation since he is seeking an initial assessment. Nonetheless, a discussion
about the statistical chances of pregnancy can be initiated to raise patient
awareness and possibly reduce his often experienced anxiety. In a healthy
couple, there is about 20% chance of pregnancy with each cycle, provided
that no obvious risks for infertility are present [6]. This chance is mainly
affected by maternal age and drops to about 5% per cycle when the women
approaches 40 years of age. Moreover, about 85% of couples will get
pregnant within 1 year of unprotected sexual activity [6].

The Initial Assessment

A detailed reproductive, medical, and surgical history is mandatory during
patient evaluation. Details pertaining the couple’s sexual encounters are
important in order not to miss modifiable causes for their delayed conception.
Aspects such as awareness of ovulation time, frequency of intercourse,
ejaculation habits, and use of lubricants are examples of important
information. The patient’s sexual history is also important, particularly his
libido and erectile and ejaculatory function. A detailed past medical and
surgical history should also be obtained with special emphasis on whether the
couple received prior fertility treatment. A checklist of relevant medical
conditions must be directly collected such as history of orchitis, sexually
transmitted diseases, testicular trauma, undescended testis, and surgeries of
the genitourinary tract. Medication history should focus on use of exogenous
testosterone, steroids, alpha-blockers, H,-blockers, anti-neoplastic, and anti-

psychotic medications. Moreover, the patient’s occupation and environmental
exposures with known detrimental effects on fertility are essential.



Occupations involving frequent contact with heavy metals (lead,
magnesium), pesticides, and solvents can contribute to a decrease in male
fertility [7, 8]. Such agents may reduce sperm production, increase the
number of defective spermatozoa, and decrease androgen production.
Ionizing radiation and exposure to high temperatures can produce similar
effects [8, 9]. Normal spermatogenesis requires a temperature that is 2—3 °C
lower than that of the body and a temperature rise by 1 °C is capable of
reducing the number of spermatozoa by approximately 14% [10]. Workers
with excessive heat exposure such as bakers, welders, metallurgists, and
cooks are more prone to heat-induced spermatogenesis defects [11]. Finally,
a brief review of the female partner’s reproductive history may provide
crucial information for treatment planning. For example, assisted
reproductive technology (ART) may be offered at an earlier stage when a
female factor is additionally encountered such as advanced age,
endometriosis, or polycystic ovarian syndrome.

The next step is a focused physical examination. The patient’s endocrine
status can be partly assessed from his general physical appearance.
Eunuchoid habitus, reduced facial hair, gynecomastia, and obesity are all
presentations that may suggest hypogonadism. Scrotal examination is
performed in both the standing and supine positions. It is heralded by
inspection to identify scars of prior scrotal or inguinal surgeries and to assess
for observable genitourinary conditions such as phimosis, hypospadias, and
hydrocele. The testicles are carefully palpated for consistency and masses.
Normally, a firm consistency is expected and any change in consistency is
indicative of testicular pathology. Small soft testes may signify poor
spermatogenesis, while small hard testes may be seen in Klinefelter’s
syndrome patients. Infertile men are 3 times more likely to develop testicular
cancer than the general male population so a careful assessment of testicular
consistency is very important [12]. Testicular size can be assessed fairly well
with the experienced hands, nevertheless a number of orchidometers or
calipers are available. Although Prader [13] or Rochester [14] orchidometers
(Fig. 1.1) were found to be inferior to ultrasound in testicular size
measurement [15], they still provide an inexpensive and readily available
method for size estimation. The epididymes are then assessed for structural
abnormalities and degree of fullness. A full epididymis may suggest the
presence of obstruction while an underdeveloped epididymal tail is seen in
cystic fibrosis (CF) patients or carriers. Palpation of the spermatic cords is



then performed to examine the vasa differentia. A number of vasal defects
can be identified such as unilateral or bilateral absence of the vas deferens,
which is seen in carriers of CF gene mutation. Beading of the vas deferens is
also another abnormality that may suggest granulomatous inflammation from
tuberculosis infection. The cord is also checked for internal spermatic vein
dilatation or varicocele. The Dubin—Amelar grading system is the most
common clinical grading system for varicoceles [16]. A grade 1 varicocele is
only felt when the patient is asked to do Valsalva maneuver, while a grade 2
varicocele can be palpated without Valsalva maneuver and grade 3 varicocele
is visible through the scrotal skin as a “bag of worms.” The genital
examination is then concluded by palpating the inguinal region for hernia. A
digital rectal examination (DRE) may be indicated, especially in those with
reduced ejaculatory volume to assess for ejaculatory duct, prostatic, or
seminal vesicle pathology. It is also indicated in men aged 50 and above, in
the presence of urinary tract symptoms. The size and consistency of the
prostate is assessed and masses, cysts, or irregularities are noted. Palpation of
seminal vesicles (SV) can occur in ejaculatory duct obstruction (EDQO) or in
the presence of seminal vesicle pathology.

Fig. 1.1 Diagram representing the appearance of a Prader and b Rochester orchidometers

Semen Analysis
Semen analysis is the initial and single most important test in male fertility



evaluation. Although it does evaluate a man’s fertility potential, it does not,
however, predict with accuracy the likelihood of pregnancy [17]. Patients
should be provided with instructions on proper sample collection. Semen
analysis should be performed after 3—4 days of sexual abstinence [5],
principally because semen volume and sperm count are negatively affected
by more frequent ejaculations [18]. In addition, significant reductions in the
percentage of sperm motility and normal morphology were detected after

10 days of abstinence [19]. Semen can be collected by means of masturbation
into a clean container or by intercourse into special semen collection
condoms devoid of substances toxic to sperm. The specimen is preferably
collected at the laboratory. If home collection is desired, the specimen should
be brought to the laboratory within 1 h of collection and kept at room or body
temperature during the transport. To ensure accurate and homogeneous
results, samples are better analyzed at laboratories implementing quality
control programs for semen analysis and adopting the latest World Health
Organization (WHO) protocols for semen testing and reporting of reference
values (Table 1.1) [20]. The components of the semen analysis include:

Table 1.1 2010 World Health Organization (WHO) criteria [20]

Reference values for normal semen parameters
Semen volume (ml) >1.5
Sperm concentration (106/m1) 215
Total number (106/ejaculate) 239
Total motility (%) >40
Progressive motility (%) >32
Normal forms (%) >4
Viability (%) >58
White blood cells (106/ml) <1

Volume: (Normal >1.5 ml, 5th percentile 95% confidence interval [CI]
1.4-1.7) A small semen volume is most likely due to incomplete collection,
but may also be observed in patients with retrograde ejaculation, abnormities
of the vas deferens or seminal vesicles, ejaculatory duct obstruction,
hypogonadism, and sympathetic dysfunction.

Viscosity: After ejaculation, semen is initially a coagulum that requires
5-25 min to liquefy. Non-liquefaction may occur in ejaculatory duct
obstruction or absence of seminal vesicles, while a hyperviscous sample may



indicate inadequate secretion of prostatic proteolytic enzymes.

pH: (Normal >7.2) Prostatic and seminal vesicle secretions contribute to
the acidity and alkalinity of the seminal fluid, respectively. Ejaculatory duct
obstruction may be suspected in patients with an acidic seminal pH and
azoospermia. On the other hand, an alkaline pH (>8) measured soon after
liquefaction may indicate the presence of prostatic infection.

Concentration: (Normal 15 million/ml, 5th percentile 95% CI 12-16)
Sperm count or the density of sperm reported as millions per milliliter of
semen is most commonly detected through counting sperm in a counting grid
of a standardized chamber. Oligospermia is a term given when fewer than
15 million sperm/ml are detected, while azoospermia is defined as absence of
any measurable sperm in the semen. Azoospermia should further be verified
by examining the pellet of the specimen after centrifugation.

Motility: (Normal total motility 40%, 5th percentile CI 38—42) (Normal
forward progressive [FP] motility 32%, 5th percentile CI 31-34) Sperm
motility is examined after liquefaction at room temperature or preferably at
37 °C. Three classes of motility are typically reported: (1) progressive (PR)
motility: space gaining motion; (2) nonprogressive (NP): motion in place or
in small circles; and (3) immotility (IM): no motion. Asthenospermia is the
term given when a decrease in total motility or forward progressive motility
is detected.

Morphology: (Normal forms >4%, 5th percentile, 95% CI 3—4; Kruger’s
strict criteria—Normal forms >14%) Sperm morphology is routinely
examined on a semen smear that has been air-dried, fixed, and stained. The
Papanicolauo, Shorr, or Diff-Quik smear stains are advocated by the WHO as
they provide adequate color to spermatozoa. Scoring is then performed
according to the WHO classification [20], or to Kruger’s strict criteria
classification [21]. The WHO criteria for normal morphology were originally
established after observing spermatozoa recovered from postcoital cervical
mucous or from the surface of the zona pellucida. In contrast, Kruger’s strict
criteria classify sperm as normal only if their shape falls within strictly
defined parameters. Regardless of what standard is used, a sperm is
considered normal when it has a smooth oval head, intact and slender
midpiece, principal piece without breaks, and a clearly visible acrosome with
vacuoles not exceeding 20% of the acrosomal area. When less than 4% of
sperm have normal morphology, the term teratozoospermia (or teratospermia)
is given. A number of defects are identified and classified according to the



part of the sperm affected. Head defects include: oval heads, tapering
pyriform and vacuolated heads, absence of acrosome (globozoospermia),
double heads, and heads with irregular forms (amorphous). Midpiece defects
include: thin, thick, or irregular midpiece and asymmetric midpiece insertion
into the head. Finally, tail defects include: tail coils, or 90° bends (hammer
head), or breaks. Duplication of the tail into two, three, or even four tails on a
single sperm is sometimes observed.

Agglutination: (Normal Absent) agglutination is clumping of sperm. The
word comes from the Latin agglutinare meaning “to glue.” It differs from
sperm aggregation, which is the adherence of spermatozoa to debris or other
elements of the ejaculate. Four grades of agglutination are reported according
to the type and extent of interaction.

e Grade 1 (isolated): <10 spermatozoa per agglutinate, many mobile
sperm

e Grade 2 (moderate): 10-50 spermatozoa per agglutinate, many mobile
sperm

e Grade 3 (strong): agglutinates with >50 spermatozoa, only few mobile
spermatozoa

e Grade 4 (complete): completely agglutinated spermatozoa, no mobile
spermatozoa visible.

Extensive agglutination is suggestive of immunologic infertility and
warrants detection of anti-sperm antibodies.

White Blood Cells: (Normal <1 million/ml) Leukocytospermia is a term
given in the presence of WBCs in semen, which can directly or indirectly
contribute to infertility [22]. Direct counting of round cells in a semen sample
is highly inaccurate because white blood cells can be difficult to distinguish
from immature germ cells using light microscopy. As a result, specialized
testing needs to be implemented aiming to differentiate between round cells.
Immunocytologic staining of semen samples using monoclonal antibodies is
considered the gold standard method in this regard [23]. However, it is not
widely performed due to difficulties faced in standardizing the monoclonal
antibodies used in staining. Consequently, the WHO recommends peroxidase
staining as the best next option to diagnose leukocytospermia [20].
Peroxidases are enzymes that break down hydrogen peroxide liberating
oxygen, which oxidizes the benzidine derivate present in the staining



solution. As a result, a brown color appears that allows the identification of
leukocytes under light microscopy. This test works best with
polymorphonuclear granulocytes and macrophages as they are rich in
peroxidases. However, it fails to stain lymphocytes that represent about 5%
of leukocytes in semen [24].

Advanced Semen Studies

Additional sperm tests attempt to identify specific functional deficiencies in
sperm. While there is currently insufficient evidence to support the routine
use of these tests in patient evaluation, on occasion these tests can be helpful
for specific situations [5]. Advanced sperm function testing may be
considered in men with unexplained infertility, 1 or more abnormal semen
parameters on repeated semen samples, recurrent pregnancy loss or failure of
intrauterine insemination (See Chap. 2 for further discussion on level 2
testing). The most commonly performed tests include:

Oxidative Stress

Reactive oxygen species (ROS) are oxygen-containing, chemically reactive
molecules that play an important role in cell signaling and homeostasis. The
sperm cell produces small amounts of ROS that are beneficial in various
sperm functions including promotion of sperm capacitation, regulation of
sperm maturation, and enhancement of cellular signaling pathways [25].
Nonetheless, at high levels ROS can be harmful, causing DNA damage, lipid
peroxidation, and deactivation of several necessary enzymes [26]. ROS are
kept in equilibrium with antioxidants in the reproductive tract [27].
Antioxidants, which are capable of stabilizing or deactivating free radicals
thus mitigating their damaging cellular effects, exist in two forms: the
enzymatic and nonenzymatic antioxidant systems. Superoxide dismutase,
catalase, and glutathione peroxidase constitute the enzymatic system, while
ascorbic acid, urate, tocopherol, pyruvate, glutathione, taurine, and
hypotaurine form the nonenzymatic system. When excessive amounts of
ROS are produced, or when antioxidant activity fails, this equilibrium state is
disrupted, resulting in oxidative stress (Fig. 1.2). Studies have shown that up
to 25% of infertile men have significant levels of ROS in their semen, in
contrast to low levels in fertile men [28].
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Fig. 1.2 Reactive oxygen species/antioxidant imbalance. © 2011 CCF. Published with permission
from Cleveland Clinic Foundation

Oxidative stress can be directly or indirectly measured. Direct assessment
of ROS using electron spin resonance spectroscopy is mainly reserved for
research work as it is an expensive procedure requiring great technical
expertise [29]. The most commonly utilized indirect technique to measure
ROS is chemiluminescence assay. This assay measures the oxidative end
products of the interaction between ROS and certain reagents, which results
in an emission of light that can be measured with a luminometer.

The clinical value of semen ROS analysis in predicting outcomes with
IVF remains unspecified [30]. However, some advantages to ROS testing
were proposed. If oxidative stress is identified as an underlying cause of
sperm dysfunction, search for lifestyle factors/occupational exposures that
may help explain such a finding would be indicated. Therapy with
antioxidants would also be a reasonable option attempting to correct the
balance between oxidative stress and antioxidant activity. Studies exploring
this particular matter generally had mixed results [31].



Sperm DNA Fragmentation

Sperm DINA is bound to protamine and is naturally present in a compact state
protecting it from damage during transport [32]. However, damage does exist
and at a certain level can be repaired by the oocyte’s cytoplasm. But when the
damage exceeds the oocyte’s threshold, infertility ensues [33]. Sperm DNA
damage is believed to affect the couple’s fertility through detrimental effects
on fertilization, early embryo development, and implantation, as well as
pregnancy [34].

Tests of sperm DNA integrity were developed to guide optimal treatment
strategies in specific situations. Selection of an assisted reproduction method
such as intrauterine insemination (IUI), in vitro fertilization (IVF) or
intracytoplasmic sperm injection (ICSI), or performance of varicocele
ligation in some instances, are worthy examples. The commonly used
methods for detection of sperm DNA damage include sperm chromatin
structure assay (SCSA), deoxynucleotidyl transferase-mediated dUTP nick
end labeling assay (TUNEL), single cell gel electrophoresis assay (aka,
comet), and sperm chromatin dispersion test (SCD) (also-Halo) (Fig. 1.3).

C) (b) (c)

Fig. 1.3 Sperm DNA fragmentation testing using the single cell gel electrophoresis (comet) assay: a
intact sperm, b moderate fragmentation, ¢ severe fragmentation

SCSA utilizes fluorescence cell sorting technology to measure the
susceptibility of sperm DNA to denaturation when exposed to heat or acids
[33]. TUNEL detects “nicks” or free ends of DNA through utilizing
fluorescent nucleotides [35]. The comet assay quantifies the actual amount of
DNA damage per sperm. The name of the assay comes from the mass of
DNA fragments streaming out the head of unbroken DNA, resembling a
“heavenly comet” tail [36]. Finally, the SCD measures the absence of DNA
damage rather than its presence as following acid denaturation and removal



of nuclear proteins, sperm with fragmented DNA fail to produce the
characteristic halo of dispersed DNA loops that is observed in sperm with
non-fragmented DNA.

Sperm Viability

Viability testing is used to differentiate live from dead sperm in the context of
low sperm motility (less than 5-10%) [37]. (Normal is 58%, 5 percentile CI
55-63%.) Another indication is sperm selection for intracytoplasmic sperm
injection (ICSI), especially when nonmotile testicular sperm are retrieved
surgically [38]. The term “necrospermia” is used when more than 42% of
sperm are nonviable. Two methods can be used in viability testing; dye
exclusion assays or hypoosmotic sperm swelling (HOS test) (Fig. 1.4).

(a)

Fig. 1.4 Sperm viability testing. a Dye exclusion assays (eosin-nigrosin staining): pink stained sperms
are nonviable sperms. Reprinted with permission from Talwar and Hayatnagarkar [66], b Hypoosmotic
sperm swelling on cat spermatozoa, revealing different grades of swelling. Reprinted with permission
from Comercio et al. [67]

Dye exclusion assays rely on the ability of live sperm to resist absorption
of certain dyes, which can penetrate and stain dead sperm. Examples of such
dyes include trypan blue and Eosin Y. A major drawback to this technique is
that it requires air-drying after staining, resulting in sperm death and inability
to use for ICSI [39].

The HOS is based on the ability of live cells to swell when placed in
hypoosmotic media. This test does not damage sperm cells and is therefore
utilized for identifying viable sperm for ICSI [37].

Anti-sperm Antibody (ASA) Testing

ASAs are suspected when there is extensive sperm agglutination on semen



analysis. Risk factors include prior history of disruption of the blood testes
barrier such as that which occurs with genital infection or testicular trauma.
Vasal obstruction as well as prior vasovasostomy or vasoepididymostomy
can also contribute to ASA development. ASA testing is indicated in the
presence of isolated asthenospermia or sperm agglutination and sometimes
during the workup of couples with unexplained infertility [5]. Several direct
and indirect ASA tests are available such as the mixed agglutination reaction,
immunobead test, and immunofluorescence assays.

Post-ejaculatory Urinalysis

Patients with a history of diabetic neuropathy, retroperitoneal surgery, or
spinal cord injury may present with dysfunctional ejaculation such as
retrograde ejaculation or anejaculation, often presenting as low volume on
semen analysis. Other causes of low semen volume include ejaculatory duct
obstruction, hypogonadism, or congenital bilateral absence of vas deferens
(CBAVD). Post-ejaculatory urinalysis should be performed when the semen
volume is less than 1.0 ml, in the presence of a medical history suggestive of
ejaculatory dysfunction and in the absence of hypogonadism or CBAVD.
Prior to testing, it is important to rule out incomplete collection or short
abstinence periods (less than 1 day). After ejaculation, the urine specimen is
centrifuged at a minimum of 300 g for 10 min. The pellet is then inspected
at 400x magnification. Retrograde ejaculation is diagnosed when any number
of sperm in a post-ejaculatory urinalysis of a patient with azoospermia is
detected. However, in patients with oligospermia, significant numbers of
sperm must be identified in urine.

Hormonal Evaluation

The contribution of the hypothalamic-pituitary testicular axis to normal
spermatogenesis is well known. As such, an endocrine evaluation is
sometimes performed on patients presenting with infertility. Indications for
testing include: abnormal semen analysis, specifically when the sperm
concentration is less than 10 million/ml; presence of symptoms of
hypogonadism; or existence of other clinical findings suggestive of a specific
endocrinopathy such as gynecomastia or testicular atrophy [5]. At a
minimum, serum follicle-stimulating hormone (FSH) and testosterone levels



should be ordered initially and in the presence of abnormal levels, a repeat
measurement of total and free testosterone, serum luteinizing hormone (LH),
and prolactin levels should be obtained [5]. It is important for the clinician to
be aware of the relationship between these hormones to identify the clinical
condition. Primary testicular failure is suggested when a low serum
testosterone is associated with high FSH and LH levels. Secondary causes of
hypogonadism are suggested when both gonadotropins as well as serum
testosterone levels are low. A representation of the different hormone
findings in various clinical entities is depicted in Table 1.2.

Table 1.2 The hypogonadal pituitary gonadal axis: interpretation of different scenarios

Testosterone LH |FSH |Prolactin|Clinical condition

— — — — Normal

! 1 1 — Primary testicular failure

! 1 ! — Hypogonadotropic hypogonadism
! —orl|—or!|1 Hyperprolactinemia

— Normal
1 Increased
| Decreased

Genetic Testing

Genetic tests are at times ordered during the workup of patients presenting
with infertility. The prevalence of chromosomal abnormalities among
infertile men has been estimated between 2 and 7% [40], and is considered
significantly higher than the general male population. More importantly, the
likelihood of detecting an abnormality in a patient’s karyotype is inversely
correlated to his sperm count [41]. Indeed, studies have shown that the
prevalence of chromosomal abnormalities in patients with azoospermia and
severe oligospermia is as high as 35% [42]. Because genetic testing can be
expensive, genetic testing should be ordered sparingly, usually in context of
moderate to severe oligospermia. We reserve karyotype and Y chromosome
microdeletion analysis for patients with a sperm concentration less than 5
million/ml [43]. A number of autosomal and sex chromosomal abnormalities
are identified in infertile men. Robertsonian and reciprocal translocations as
well as inversions in autosomes were reported in 1.23, 0.82, and 0.13% of



infertile French men going for intracytoplasmic sperm injection (ICSI),
respectively [44], while sex chromosomal abnormalities were identified in
3.7% of infertile men from the same group [44]. The supernumerary X
chromosome seen in Klinefelter syndrome (KS, 47 XXY) is the most
common sex chromosome abnormality. Non-mosaic KS accounts for around
11% of azoospermic individuals, whereas mosaic individuals may present
with oligozoospermia.

After examining the karyotype of 1170 men, Tiepolo and Zuffardi were
the first to hypothesize a correlation between Y chromosome deletions and
male infertility [45]. They observed large deletions of the heterochromatic
region (Yq12) and the adjacent euchromatic part (Yqll) of the Y
chromosome of six azoospermic men [45]. The term “azoospermia factor”
(AZF) was later given to this gene or gene cluster and its complexity was
only identified after the development of yeast artificial chromosome
mapping. Molecular mapping analyses on patients with microdeletions
revealed that three nonoverlapping regions of the Y chromosome termed
AZFa, AZFb, and AZFc [46] significantly contribute to spermatogenesis and
their microdeletion would lead to primary testicular insufficiency
characterized by azoospermia or severe oligoospermia. Around 60% of Y
chromosome microdeletions occur in region AZFc, while 15% occur in AZFb
and 5% in AZFa. The other 20% involve more than one AZF region [47].
AZFa microdeletions carry the worst fertility prognosis as they are associated
with complete absence of germ cells, a condition otherwise known as Sertoli
cell only syndrome (SCOS) [48]. AZFb deletions are associated with
maturation arrest [48]. Testing for Y chromosome microdeletions is crucial in
azoospermic patients before sperm retrieval as the test result carries
prognostic information. AZFa, AZFb, or AZFa/b microdeletions are
associated with the worst prognosis. Although previously they were thought
to be deemed to failure [49, 50], recent studies have reported sperm recovery
from few cases of AZFa and b deletions [51]. Whereas patients with AZFc
and ABF b/c microdeletions have a surgical sperm retrieval rate of 54.8 and
7.1%, respectively [50]. Moreover, AZFc patients are not necessarily
azoospermic, and may be candidates for ICSI using sperm from their
ejaculate. It is important in these cases to inform patients that the Y
chromosome-bearing sperm will transport the microdeletion to their offspring
and that male children born from these patients will also possess similar
microdeletions [52].



Cystic Fibrosis Transmembrane Conductance
Regulator (CFTR) Gene

CF is one of the most common autosomal recessive diseases, occurring in 1
of every 2500 live births [53]. It is caused by a mutation in the CFTR gene,
located on chromosome 7 (7q31.2). Patients presenting with congenital
unilateral or bilateral absence of the vas deferens (CBAVD) identified during
physical examination should be offered CFTR gene analysis, as up to 80% of
these men are heterozygotes for CFTR mutations [54]. The most commonly
identified mutation is the deletion of a phenylalanine in position 508
(A[Delta]508), although more than 1000 different mutations have been
identified [55]. Another mutation associated with CBAVD is the 5T allele,
which is characterized by the presence of 5 instead of 7 or 9 thymines in
intron 8 [55].

Ultrasonography
Scrotal Ultrasonography

Many clinicians routinely perform screening scrotal ultrasonography on
fertility patients, largely for screening for occult testicular malignancy or
other intrascrotal pathology. In most patients, a proper physical examination
by an experienced fertility specialist is sufficient and scrotal ultrasound is not
required. Proposed indications for ultrasonography in patients presenting with
male infertility include history of undescended or non-palpable testes, prior
scrotal surgery, confirmation of a clinical varicocele and when a scrotal or
testicular pathology is detected on physical examination. Non-palpable
varicoceles noted on ultrasonography are termed “subclinical” and are not
found to be significantly contributing to male infertility [56]. Testicular
microlithiasis, which represents the deposition of multiple tiny calcifications
throughout both testes, is reported in up to 20% of patients with infertility
[57]. Prior concern was raised about its association with testicular cancer,
however, current evidence suggests that it is not precancerous and patients
may not require more than serial self-examination [58].

Transrectal Ultrasonography



Transrectal ultrasonography (TRUS) is principally considered when the
semen is persistently of low volume with or without an acidic pH in patients
who are oligo- or azoospermic, with palpable vasa and normal testicular size.
Complete or partial ejaculatory duct obstruction is suspected in the presence
of dilated seminal vesicles (>1.5 cm in diameter), dilated ejaculatory ducts
(>2 mm in diameter), and/or midline prostatic cystic structures on TRUS.

In order to improve the diagnostic accuracy of TRUS in ejaculatory duct
obstruction, seminal vesicle aspiration and seminal vesiculography can be
performed during the procedure. Jarow was the first to recognize that sperm
are not normally present within the seminal vesicles and that EDO should be
suspected when 3 motile sperm per high-power field were detected in the SV
aspirate immediately after ejaculation [59]. The significance of SV aspiration
was evaluated by Eugin et al. in 70 EDO patients. They demonstrated that
TRUS alone overestimated the diagnosis as only 49.1% of the patients
diagnosed with EDO on TRUS were confirmed with SV aspiration [60].
Seminal vesiculography is another alternative that can be performed during
TRUS. After identification of the SV in the axial plane, each SV is punctured
with an 18 gauge, 25-30 cm long needle and is injected with water-soluble
contrast material. Like SV aspiration, seminal vesiculography improved the
efficacy of TRUS in diagnosing EDO [61]. In a study by Purohit et al. [62],
only 52% of EDOs suspected with TRUS were confirmed with seminal
vesiculography.

Vasography

Vasography has long been considered the gold standard imaging modality for
diagnosing an obstructive pathology. However, the invasiveness of the
procedure along with the possible risk of iatrogenic vasal obstruction
rendered vasography less favorable. Currently, it is at times performed during
reconstructive surgery to validate proximal vasal patency [63, 64].

Magnetic Resonance Imaging

Pelvic Imaging

Magnetic resonance imaging (MRI) of the pelvis is sometimes performed
during male fertility evaluation to accurately delineate pelvic pathology. It is
indicated in the workup of undescended testes, especially when an ectopic



abdominal location is suspected, and in the evaluation of the prostate gland,
SV, and ejaculatory ducts.

Pituitary Gland Imaging

A number of pituitary abnormalities are known to result in hypogonadism.
Sellar and parasellar tumors may disrupt the hypothalamic-pituitary gonadal
axis and ultimately affect spermatogenesis. Prolactinomas are the most
common pituitary tumors and are divided into micro- (less than 10 mm) and
macroadenomas (greater than 10 mm), with larger tumors more commonly
associated with clinical manifestations such as headache and visual field
changes. Circumstances where pituitary MRI is indicated in the evaluation of
male infertility are twofold: increase in serum prolactin levels and/or
presence of symptoms suggestive of an intracranial abnormality in a
hypogonadal patient [65].

Conclusion

An understanding of different etiologies and risk factors for infertility is
mandatory for optimal patient evaluation. A thorough reproductive history
together with complete physical examination during the initial encounter is
vital. Clinicians should recognize indications for workup selection and should
be able to provide sound interpretation of results.
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Introduction

Semen analysis is the first test requested when fertility potential of a man
becomes questionable. The results of the semen analysis are often taken as a
surrogate measure of his ability to father a pregnancy. The test provides
information on the functional status of the seminiferous tubules, epididymis,
seminal vesicles, and the prostate. Thus the results of the test should be
interpreted in the light of a full clinical history and physical examination of
the patient to determine possible causes for reduced fertility potential and of
any suboptimal semen analysis result (see Chap. 1).

Although semen analysis is the most practical laboratory assessment of
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the male we have, it comes with many limitations. The foremost of these
limitations is the limited reliability of the result of semen analysis due to
variations in the method and timing of obtaining ejaculates and the lack of
standardization of the semen analysis methodology [1-4]. There is also
limitation of scope as semen analysis is concerned primarily with measuring
the volume of the ejaculate and with assessing the number, motility, and the
shape of the sperm population. The count of other cellular contents such as
spermatids and leucocytes may be noted. The narrow scope of the analysis
reduces its ability to identify an underlying pathology when the analysis
results are substandard. This in turn contributes to the relatively low
prognostic power of semen analysis as a diagnostic test. When azoospermia
cases are excluded, the results of semen analyses do not always correlate with
pregnancy rates or infertility [5, 6]. Nevertheless, semen analysis provides
essential information on the clinical status of the man being investigated.

Prior to communicating the semen analysis results with patients, the
clinician needs to evaluate the significance of the results by answering three
questions:

1. Is the semen analysis result reliable?
2. Does it identify a specific pathology?

3. Can this man achieve a pregnancy given his female partner fertility
potential?

The Reliability of Semen Analysis Result

There are several factors that may influence the reliability of the semen
analysis result. The clinician needs to be aware of these factors before
making a clinical judgment on the significance of the result.

Standardization of Semen Analysis Techniques

The standards of semen analysis were first conceived when animal husbandry
was being studied in the nineteenth century. The primary focus was on sperm
morphology. Sperm count and motility had secondary importance. These



same principles were adopted for semen analysis in men in the early
twentieth century [7]. This was done without paying much attention to the
fact that contrary to other animals, men, as well as chimpanzees, have very
high heterogeneity in sperm shape and motility in their ejaculates.
Subsequently, several classification systems employing diverse laboratory
techniques were proposed to evaluate the quality of semen. This has led to
the inability to compare semen analysis results from different laboratories.
The World Health Organization (WHO) addressed this problem by
publishing five laboratory manuals consecutively over the past 35 years to
provide a standardized approach to the techniques used in collecting and
evaluating ejaculated semen. In the first four manuals, cutoff points for each
parameter measured were set. The latest fifth manual published in 2010
adopted a new approach by setting lower reference limits derived from
examining the semen qualities of 1953 recent fathers [4]. The study
population was retrieved from different countries worldwide and with the
condition that the time-to-pregnancy was 1 year. The fifth centile (lower
reference limit) and its 95% confidence interval (CI) for each semen
parameter in these fathers was calculated and used as a guide to judge the
quality of other men facing a difficulty in achieving a pregnancy (Table 2.1)
[4, 8]. The adoption of these standards worldwide to promote the reliability
of semen analysis has been enhanced through a diversity of local internal and
external quality control measures including schemes for andrology laboratory
accreditation and certification. In spite of this huge endeavor, there remain
significant issues with variability of results from different laboratories
because WHO methodologies are not always strictly observed, which may
happen intentionally or unwittingly. Moreover, there remains an element of
subjectivity in the assessment of sperm count, motility, and morphology with
significant inter- and intra-observer variability [9, 10]. Computerized sperm
count estimation and motility assessment have been adopted by many
laboratories to eliminate the subjectivity of the assessment [11, 12].

Table 2.1 Lower reference limits (5th centiles and their 95% confidence intervals, CI) for semen
characteristics discussed in this chapter

Parameter WHO 2010 lower reference limits |WHO manual (1999) cutoff
(95% CI) points

Semen volume (ml) 1.5(1.4-1.7) >2 ml or more

Total sperm number (106 per 39 (33-46) 240

ejaculate)




Sperm concentration (106 per 15 (12-16) 220

ml)

Total motility (PR + NP, %) 40 (38-42) >50
Progressive motility (PR, %) 32 (31-34) >25
Sperm morphology (normal 4 (3.0-4.0) Undecided
forms, %)

Vitality (live spermatozoa, %) |58 (55-63) >50

A complete list of reference limits is found in the WHO manual 2010 [4].
The reference limits are compared to the cutoff points quoted in WHO
manual 1999 [§]

WHO—World Health Organization, CI—confidence interval, PR—
progressive motility, NP—nonprogressive motility

Biological Variability
The quality of semen is influenced by many biological variables [13]. These
include

e The completeness of sample collections: Collecting all the successive
emissions (fractions) of ejaculated semen is very important because of
the varying composition of the first fraction compared to the latter ones.
The first fraction of ejaculated semen is sperm-rich. This is followed by
the part of the ejaculate that is diluted by the seminal vesicles fluid [14].
Thus, if the first fraction of the ejaculate is lost, the sperm concentration
and total sperm count will be lower than what it should be.

e The impact of age: With age both the number of sperm produced and
the fluid component contributed by the prostate and seminal vesicles
may be reduced [15]. This may give the elusion that sperm
concentration in older men is maintained when in reality the total
number of sperm in the ejaculate is reduced.

e Testicular size: The size of the testis correlates with the total number of
spermatozoa in the ejaculate [16]. This is reflective of the level of
spermatogenesis in the seminiferous tubules [17]. An extreme clinical
example of this association between testicular size and sperm count is
encountered in cases of hypogonadotropic hypogonadism and in
anabolic steroid abuse cases presenting with azoospermia and small
testicular volume due to suppressed spermatogenesis. The testicular



volume increases gradually as spermatogenesis resumes in response to
treatment with human chorionic gonadotropin (hCG) injections and
abstaining from anabolic steroid use, respectively.

Duration of abstinence: The WHO recommends 2—7 days sexual
abstinence prior to semen analysis as a means of standardizing semen
analysis. Frequent sexual activity prior to semen analysis may result in
reduced semen volume, sperm concentration, and total motile sperm
count without significant change in sperm motility and normal
morphology [18]. On the other hand, there is significant increase in
semen volume, sperm concentration, and total sperm count when the
abstinence length is increased [19, 20]. However, length of abstinence
does not influence pH, viability, morphology, or total motility [17]. A
short abstinence period (24 h) is associated with immature sperm DNA,
whereas longer abstinence intervals may be associated with sperm DNA
fragmentation [14, 15].

The intensity of sexual stimulation: It has been documented that
ejaculates recovered from non-spermicidal condoms used during
intercourse at home can be of higher quality than those produced by
masturbation and collected into containers in a room close to the
laboratory [3]. However, for the sake of standardization it is
recommended that ejaculates are collected in a well-equipped room next
to the laboratory to reduce the impact of prolonged transport time and
the exposure to nonoptimal temperature. The place of producing the
ejaculate should be noted in the semen analysis report.

Delayed liquidation and viscosity: Delayed liquefaction and abnormal
sample viscosity after complete liquefaction may impact the result
negatively. Semen samples are kept at a temperature of 20-37 °C while
waiting for sample liquefaction that is normally completed within

30 min of ejaculation. Liquefaction is reported as delayed when it is not
complete after an additional 30 min standing. If liquefaction is not
achieved after 60 min, mechanical and enzymatic techniques are
described in the WHO manual to achieve liquefaction. This should be
noted in the analysis report because treatments applied to the sample to
achieve liquefaction may affect seminal plasma biochemistry, sperm
motility, and sperm morphology [4]. High semen viscosity after
complete liquefaction can also interfere with determination of sperm



motility, sperm concentration, and the detection of antibody-coated
spermatozoa. High viscosity can be recognized by the elastic properties
of the sample when a semen droplet is stretched for 2 cm or more
between two pipettes. Again the clinician needs to take note of this when
interpreting the results.

¢ Reversible changes in sperm parameters: Fever, intercurrent viral
infections, medication with drugs such as nitrofurantoin, genital tract
infection (epididymitis), and exposure to excessive heat may be
associated with reversible deterioration in different semen parameters.
When the semen analysis result is suboptimal, these factors should be
excluded or corrected before making a final judgment on the quality of
semen.

In view of the variability in the quality of ejaculates produced by one man
it is impossible to rely on a single semen analysis to characterize a man’s
semen quality. The analysis of two or more ejaculates may be required to
obtain a more valid baseline data to facility a sound view of man’s clinical
status.

External Technical Factors that May Influence Semen
Analysis Result

The result of semen analysis may be impacted negatively by external factors
such as the temperature at which the sample is left standing before the start of
the analysis and the time elapsed between ejaculation and the start of the test.
This information should be noted in the result report before making a
considered judgment of its significance.

Does the Traditional Semen Analysis Identify a
Specific Pathology?

The semen analysis results should be correlated with relevant medical and
lifestyle issues identified during history taking, clinical examination, and
other baseline assessments such as hormone profile and scrotal ultrasound
scanning. In cases of unexpected azoospermia additional investigations, such
as karyotyping and cystic fibrosis gene screen, may be required. Checking for
Y chromosome micro-deletions may be sought in severe oligospermia (sperm



count <3 x 10°) on repeated testing. If the analysis reveals teratospermia
(sperm with normal morphology <3%) karyotyping is recommended because
of the association between teratospermia and chromosomal abnormalities
both in somatic cells and spermatozoa [21]. The presence of leucospermia
(leucocytic count >1 x 10%/ml semen) is associated with poor sperm
morphology and motility and sperm oxidative stress [22-24].

However, traditional laboratory testing may fail to provide an explanation
for the reduced sperm parameters in other cases. This is referred to as
idiopathic infertility. Level 2 sperm testing is required in these situations (see
later) [25]. But initially let us consider the clinical significance of some of the
traditional semen parameter:

The Significance of Semen Volume

The seminal vesicles secretions contribute up to 70% of the normal ejaculate
volume. The lower reference limit for semen volume is 1.5 ml (5th percentile,
95% confidence interval 1.4-1.7) [4]. A low sperm volume is more likely to
be due to the incomplete collection of the ejaculate. It also may be due to
acquired obstruction of the ejaculatory duct. In cases of congenital bilateral
absence of the vas deferens (CBAVD) there is dysplasia or absence of the
seminal vesicles resulting in the loss of its contribution to the semen volume
[26, 27].

According to WHO standards, retrograde ejaculation should be suspected
in any case when the seminal fluid volume is <1 ml [4]. The diagnosis is
confirmed by finding spermatozoa in the post-ejaculatory urine sediment
when all collected urine is centrifuged and pelleted. The sperm is found
mostly dead due to the combined effects of osmotic stress, low pH, and urea
toxicity [28]. The recovery of high-quality sperm after the induced
modification of the urine composition and pH to facilitate its use in the
intracytoplasmic sperm injection technique (ICSI) has been described [29,
30].

Occasionally, the orgasm is associated with a miniscule amount of
ejaculate or no ejaculate at all (dry ejaculation, aspermia). This happens in a
diversity of neurological diseases and subsequent to surgical procedures on
the lower urinary tract [31]. It may also be the presentation of retrograde
ejaculation. The explanation for the dry ejaculation is mostly apparent from
the initial history taking. If not, then retrograde ejaculation needs to be



excluded before referring to the urologist or neurologist for further
assessment.

The Significance of Semen pH

The balance between the alkaline secretion of the seminal vesicles and the
acidic prostatic secretion determines the semen pH. The importance of
assessing the semen pH and its physiological reference range has been a
matter of intense debate [32]. However, WHO 2010 sets the lower reference
value of the pH of liquefied semen at 7.2 [4]. In CBAVD, the semen pH is
characteristically lower (pH 6.8) because of the absence of the seminal
vesicles’ alkaline secretion. In these cases the scanty seminal plasma is
formed mainly from the relative acidic prostatic secretion.

The Value of Semen Analysis in Azoospermic Cases

In the vast majority of azoospermic men, their condition is first identified
when they are referred for fertility assessment. In a minority of cases,
azoospermia was previously identified including men with cystic fibrosis
disease, the majority of Klinefelter’s syndrome and, presumably, after
vasectomy. Even in these men semen analysis is required to confirm the
azoospermic status. Clinically, cryptospermia has been described after
vasectomy [33] and up to 10% of men with Klinefelter’s syndrome have few
sperm in their ejaculates [34—36]. In the andrology laboratory, azoospermia is
suspected when no spermatozoa are observed in replicate wet preparation
examined according to the WHO standards [4]. Azoospermia only can be
confirmed if no spermatozoa are found in the sediment when the whole
ejaculate is centrifuged and pelleted. Cryptospermia describes the absence of
sperm in wet preparation but sperm is then found in the sediment. This
additional process of semen analysis should be described in the analysis
report sent to the clinician. The benefits of a reliable diagnosis of
azoospermia in the field of reproductive medicine are multiple. First, an
inaccurate diagnosis may lead to an unnecessary invasive procedure to
retrieve testicular sperm to treat the couple using their own genetic material.
Second, when azoospermia is confirmed additional genetic testing is required
to diagnosis the underlying cause. These include karyotyping for
chromosomal abnormalities, testing for Y chromosome micro-deletions, and
screening for cystic fibrosis gene mutations. Thirdly, the underlying genetic



abnormality may have a detrimental impact on the offspring and the affected
couples are required to receive adequate genetic counseling prior to
undergoing treatment. Finally, the demonstration of absent motile
spermatozoa in ejaculate is required after vasectomy to declare the procedure
a success.

If azoospermia is secondary to the testosterone hormone or anabolic
steroids abuse, periodic repeat semen analyses are required for up to
24 months after abstaining from taking these drugs to monitor the
spontaneous resumption of spermatogenesis in many of these patients [37,
38]. If spermatogenesis has not resumed in an acceptable time frame or
abstinence is not tolerated, alternative medications may be considered [37].

When considered together, semen volume and pH can help in determining
the differential diagnosis of the cause of azoospermia. In patients with low-
volume, acidic, azoospermic samples, the differential diagnosis is CBAVD or
bilateral complete ejaculatory duct obstruction (EDO). Azoospermic
ejaculates with a normal volume and alkaline pH indicate functional seminal
vesicles and patent ejaculatory ducts. The differential diagnosis includes
spermatogenic failure or an obstruction at the level of the more proximal vas
deferens or epididymis, but does not include CBAVD or bilateral EDO.

Can This Man Achieve a Pregnancy Given His Female
Partner’s Fertility Potential?

In its successive five editions, the WHO manual offered increasingly lower
cutoff points to assess sperm parameters. The reference limits for sperm
count, motility, and normal morphology quoted in the latest edition [4] are
significantly lower compared the cutoff points that were thought to be
compatible with normal male fertility in the previous editions. As an
example, the cutoff point for sperm count quoted in the 1999 WHO manual
[8] as 20 x 106%/mL. is almost double the 5th centile of the reference limit
(12 x 10%/ml) quoted by the 2010 WHO manual [4] (Table 2.1). This may
cause confusion among concerned clinicians if the andrology laboratory does
not indicate which WHO reference limits values are used. Another reason for
the confusion is how the same semen analysis result may be classified as not
compatible with normal fertility prior to 2010, but is judged as compatible
with normal fertility when applying the 2010 lower reference limits.



At this point it becomes apparent that a semen analysis result is not
prescriptive but descriptive of a man’s clinical status, with the exception of
azoospermia where spontaneous pregnancy cannot happen. This stems from
the huge heterogeneity in the characteristics of semen in men compared to
other animals. This has led to an extensive overlap of the distributions of
semen parameters’ results among fertile and non-fertile men (Fig. 2.1c) [39].
This is contrary to the assessment of other biological features where there is
distinct distribution or only a minimal overlap of results among affected and
unaffected populations (Fig. 2.1a, b) [39]. When that is the case, the
identification of a cutoff point to reliably distinguish affected and unaffected
individuals is feasible. On the other hand, the extensive overlap in semen
analysis results between affected (infertile) and unaffected (fertile)
populations causes significant numbers of both false-positive and false-
negative cases [39] compromising the prognostic value of semen analysis.
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Fig. 2.1 Hypothetical distributions of results from 2 populations: unaffected (“controls”) to the right
(green/solid line) and affected (“patients”) to the left (red/hatched line). a No significant overlapping of
results from the 2 groups. A cutoff can be located anywhere between the 2 distributions. If the lower
2.5 percentile (dotted vertical line A) of the unaffected population is used as a cutoff, 2.5% of results
from the unaffected population will be labeled as “affected.” If the lower 5 percentile (dotted vertical
line B) is used, 5% of the unaffected population will be labeled as “affected.” b Some overlapping of
the 2 distributions. A reasonable cutoff limit would be where the 2 curves cross (corresponding to the
lower 5 percentile of the unaffected men, /ine B). Using the lower 2.5 percentile (/ine A) of the
unaffected group would label more affected men as unaffected than if the crossing point is used. ¢
Gross overlap between results from the groups of men. Using either the 2.5 percentile (/ine A) or the 5
percentile (/ine B) of the unaffected population as a cutoff would lead to most of the affected men being
labeled as unaffected. Using the crossing point of the 2 curves would give equal low specificity and low
sensitivity so that a large group of unaffected men are labeled as affected. Thus in this case, this
parameter is not very useful to distinguish between the 2 groups. © The British Fertility Society.
Reprinted by permission of Taylor & Francis Ltd., www.tandfonline.com on behalf of The British
Fertility Society, from Bjérndahl [39]
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Currently, it is not feasible to define a single useful and reliable “sharp”
cutoff level for each individual semen analysis parameter that can distinguish
between truly “fertile” and “infertile” men with a high degree of certainty.
Although there is a highly significant statistical difference between the two
groups, still the degree of the overlap will create low predictive values. For
clinicians, the strict scientific interpretation of a reference limit based on
“fertile men” is that a result under the limit implies a probability of less than
5% that this sample represents a sample from a “fertile” man. These reference
limits, then, should not be referred to as limits of normality. Looking at this
from a different perspective, a recent father and a man being investigated for
infertility may have a very similar semen analysis result and the only
difference may be in the fertility potential of the female partner.

Men with partially reduced fertility are potentially more likely to be
infertile when the female also has a reduced fertility potential. In other words
suboptimal semen analysis result may be compensated when the female
partner has uncompromised fertility potential. This is a clinical judgment that
can only be made after full assessment of both partners including clinical
history and physical examination.

Level 2 Sperm Testing

From the previous discussion, it becomes clear that restricting semen
assessment to the traditional parameters of sperm count, motility, and
morphology is associated with numerous concerns. First, for a long time it
has been recognized that sperm count, motility, and normal morphology may
fluctuate, and their assessment can be very subjective and prone to intra-
observer and inter-observer variability [40]. Second, although the traditional
semen analysis maintains its central role in the assessment of male fertility
potential, this often is inadequate to provide a definitive diagnosis of the
cause of infertility in many men [41, 42]. Conventional semen analysis
cannot cover the diverse array of biological properties that the spermatozoon
expresses as a highly specialized cell, such as the presence of sperm
apoptosis and chromatin fragmentation [43, 44]. As a result, many infertile
couples with no detectable abnormalities are labeled with the clinically
convenient but vague diagnosis of unexplained infertility. Third, the
predictive power of the cutoff values of the traditional sperm parameters is
not absolute, because there is significant degree of overlap in the distribution



of the results between fertile and infertile men for each parameter assessed.
Fourth, we now have a better understanding of the impact of processes such
as sperm capacitation and acrosome reaction [45], sperm oxidative stress
(OS) [46], and apoptosis [47] on both sperm—egg interaction and the
fertilizing ability of sperm both in vivo and in vitro. The assessment of these
aspects of sperm function was included for the first time in the 2010 WHO
manual only as research tools [4]. Last but not least, numerous studies in the
literature have demonstrated that semen quality is declining and that the
incidence of testicular cancers is rising [48, 49]. These observations have
been shown to be associated with increased sperm chromatin damage. During
in vivo reproduction, natural selection against infertile men limits their
opportunity to pass on an infertility trait to offspring, with only rare
exceptions. However, some assisted reproduction technologies bypass this
natural selection process, leading to the possibility that an abnormal
spermatozoon will be selected to fertilize the oocyte.

Sperm oxidative stress, apoptosis, and DNA damage are induced by
disease, lifestyle issues, and environmental factors and are implicated in the
pathogenesis of male infertility. In view of this current understanding and the
availability of the required laboratory additional assessment of sperm damage
beyond the traditional sperm parameter of count motility and morphology,
this level 2 testing needs to move from the research lab to the mainstream
clinical andrology laboratory. When indicated, testing for evidence of sperm
OS, apoptosis, and DNA fragmentation can provide a definitive diagnosis of
the underlying causes of what is clinically identified as “idiopathic” and
“unexplained infertility.” This also may detect men who may perpetually
propagate their genetic complement that is linked to male infertility through
techniques such as in vitro fertilization using the intracytoplasmic sperm
injection (IVF/ICSI). Ultimately, men should be able to find out the exact
reason for their inability to father a pregnancy naturally without glossing over
the problem by rushing into IVF/ICSI.

It is conceivable that the next task of the WHO is to coordinate the
endeavor to determine the most appropriate laboratory tests and the
associated standards to achieve this goal. Unless the WHO seeks strict
standardization of these tests, the mistakes of the past in assessing sperm
count, motility, and morphology will be repeated. The WHO could provide a
clinically standardized two-level approach for semen analysis to achieve a
more reliable male fertility assessment. Level 1 will be adequately served by



the criteria and standards of the routine semen and sperm parameter to offer
an initial screening for men presenting within an infertile relationship. Level
2 testing would have the objective of addressing two different scenarios:

1. To offer a definitive etiological diagnosis for men with abnormal
findings in level 1 testing with no clinical explanation (idiopathic
infertility); and

2. To seek to clarify if there is an unrecognizable sperm defect on the
subcellular level when investigating the male and his female partner did
not identify clinical explanation for the couple’s fertility (unexplained
infertility).

Level 2 testing is also desirable for those who are offered IVF/ICSI. It
would appear that the time is ripe for this leap forward in male fertility
assessment by expanding the scope of diagnostic features in performing
sperm assessment.
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Clinical Vignette

Mr. PM, a 35-year-old male and his 32-year-old GOPO female partner
complain of the inability to conceive after 15 months of unprotected
intercourse. His past medical and surgical histories are noncontributory. He is
an active smoker with a smoking history of one pack per day for 20 years,
and he drinks two—three beers every day. His physical examination is
unremarkable. The fertility workup of his female partner is normal. His
laboratory values are given in Tables 3.1 and 3.2.

Table 3.1 Case study laboratory values

Test Value Reference range
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FSH (mIU/mL) 4 |a-10
LH (mIU/mL) 5 [4-12

Testosterone? (ng/dL) 198 |250-1000

Estrogen (pg/mL) 25 10-40
Prolactin (ng/mL) 10 2-18

aDrawn on two separate occasions before 10 AM

Table 3.2 Case study semen analysis

Semen analysis (average of 2 separate analyses)
Concentration |8 million/mL |>15 million/mL

Motility 30% >50% motility

Lifestyle Approaches to Improving Semen Quality

There has been a dramatic change in the factors that are potentially associated
with alterations in semen quality over the past several decades. For example,
there has been a marked increase in the consumption of substances of abuse
[1] and the population of smokers [2] worldwide. Centola et al. [3] have
demonstrated a significant decline in semen parameters such as sperm
concentration (—3.55 million/mL/year, 95% CI —4.87, —2.23; p < 0.001), total
motility (—1.23%/year, 95% CI —1.65, —0.82; p < 0.001), total sperm count
(—10.75 million/year, 95% CI —15.95, —5.54; p < 0.001), and total motile
count (—9.43 million/year, 95% CI —13.14, —5.73; p < 0.001) in young adult
men over a period of 10 years between 2003 and 2013. This part of the
chapter outlines the effects that certain lifestyle factors such as smoking,

alcohol consumption, and use of anabolic steroids may have on semen quality
and male fertility (Table 3.3).

Table 3.3 Impact of lifestyle factors on seminal parameters

Lifestyle factor Duration/intensity Impact on seminal parameters

Smoking >10 years or 220 Impaired sperm DNA integrity, nuclear
cigarettes/day maturation

Alcohol consumption >8 alcoholic drinks/week | Impaired spermatogenesis, teratospermia

Exogenous testosterone/anabolic |— Impaired spermatogenesis

steroids




Smoking

The number of smokers has grown to include nearly one-third of the global
population above the age of 15 years [2], despite growing evidence of the
deleterious impact of smoking on nearly every organ in the human body.
Smoking is associated with male subfertility [2]. Although the exact
mechanisms through which smoking impacts male fertility are presently
unknown, several theories have been proposed, a couple of which include the
reduced delivery of oxygen to the testes that compromises the high metabolic
requirements of spermatogenesis, and the oxidative stress conferred by
several metabolites of cigarette smoke (tar, benzopyrene, carbon monoxide,
aromatic hydrocarbons) [2, 4, 5].

In a large meta-analysis of 57 studies, Li et al. [6] reported that smoking
is associated with deterioration of multiple semen parameters such as total
sperm count, sperm volume, sperm density, sperm morphology, and
progressive sperm motility, both in fertile and infertile men. These results
were consistent with the results of another meta-analysis that demonstrated an
association between smoking and a reduction in sperm density and sperm
motility [7].

In addition to semen parameters, the detrimental impact of smoking on
male infertility is compounded by its association with a reduction in seminal
zinc (a key antioxidant) levels, sperm vitality, and sperm DNA integrity, and
an increase in semen reactive oxygen species. A review of 160 fertile men
concluded that fertile smokers showed a significantly higher sperm DNA
fragmentation percentage and seminal reactive oxygen species levels, as well
as a significantly lower progressive sperm motility, hypo-osmotic swelling
test percentage, and seminal zinc levels compared to fertile nonsmokers [8].
Moreover, the quantity and duration of smoking were both positively
correlated with sperm DNA fragmentation percentage and seminal reactive
oxygen species, and negatively correlated with sperm motility, seminal zinc
levels, sperm count, and the percentage of morphologically normal sperm.
Furthermore, it has been shown that smoking for more than 10 years or
greater than 20 cigarettes/day has a deleterious impact on sperm DNA
integrity and nuclear maturation [9]. Sperm fertilizing capacity, as assessed
by the zona-free hamster oocyte sperm penetration assay, has also been
shown to be markedly reduced in smokers as compared to nonsmokers [10].

A clear understanding of the pathophysiologic mechanisms through
which smoking negatively effects semen quality and male fertility



notwithstanding, the current scientific literature strongly shows that it
significantly impairs male reproductive potential.

In light of his long and heavy smoking history as presented in the
aforementioned clinical vignette, Mr. PM should be advised to quit smoking,
not just as a critical part of improving his fertility potential, but also because
of its deleterious impact on other organ systems such as cardiovascular
morbidity and tumorigenesis. He should also be counseled that the
detrimental effects of smoking on semen quality have been shown to be
reversible with smoking cessation. Santos et al. [11] showed that smoking
cessation for 3 months led to an increase in sperm count (72 million vs. 29
million/ejaculate), sperm vitality (20% vs. 60% necrotized), sperm motility
(79% vs. 33%), and the number of grade A spermatozoa recovered after
swim-up (23 million vs. 3 million/ejaculate).

Alcohol

Alcohol has been shown to have a detrimental impact on male fertility at all
levels of the male reproductive system [12]. It compromises the regulation of
the hypothalamic—pituitary—testicular (HPT) axis, thereby resulting in a
reduction of luteinizing hormone (LLH) and follicle stimulating hormone
(FSH) production [13, 14], and the subsequent impairment of
spermatogenesis [15].

A study showed that only 12% of the men that consumed alcohol had
normozoospermia, as compared to a control group of nonusers in whom the
rate of normozoospermia was 37% [16]. Close et al. [17] analyzed the semen
parameters of 164 men and concluded that the seminal fluid leukocyte
concentration was significantly higher in chronic alcohol users as compared
to nonusers. However, after controlling for a past history of sexually
transmitted diseases and exposure to multiple substances of abuse, there was
only a trend of higher leukocyte count in alcohol users. Consumption of more
than eight alcoholic drinks per week has been shown to be associated with
male subfertility, with the most common semen parameter anomaly of
teratospermia [4]. Additionally, consuming more than 40 grams of alcohol
per day showed an increase in spermatogenic disorders [18]. Not only
chronic consumption, but even excessive acute alcoholic binges have been
shown to be associated with worse semen parameters and an increase in the
free estradiol/free testosterone (E2/T) ratio in a cross-sectional study
including 347 men [19].



Despite multiple studies investigating the topic, the threshold of quantity
at which alcohol consumption negatively affects semen parameters is not well
defined. However, it can be inferred from the current scientific literature that
consuming more than eight alcoholic drinks per week is detrimental to semen
quality [4].

In our clinical vignette, the current average alcohol consumption of Mr.
PM is 17-18 drinks—more than twice the upper limit of consumption that is
detrimental to male fertility. He should be strongly counseled to reduce his
alcohol intake to help restore his fertility.

Exogenous Testosterone and Anabolic Steroids Abuse

There has been a 90% increase in the number of testosterone prescriptions
and more than a threefold increase in the use of testosterone replacement
therapy (TRT) in men over the past 15 years [20, 21]. In the USA, the rate of
TRT has been rising since 2000, but has seen an especially steep increase
since 2008 [20]. Furthermore, recent trends suggest that TRT is being
prescribed to a significant number of men still in their reproductive years
[22].

Exogenous testosterone decreases the levels of FSH, LH, and
intratesticular testosterone and impairs spermatogenesis by suppressing the
HPT axis [23]. This effect seems to be considerably stronger with
intramuscular testosterone as compared to topical formulations [24]. One of
the reasons for the high prevalence of testosterone use in infertile men of
reproductive age despite its contraceptive effects is the misconception that it
enhances fertility—a notion not just limited to patients, but a high percentage
of urologists who have indicated that they would use testosterone for the
empirical treatment of male infertility [24].

Since it can lead to the atrophy of germinal epithelium, exogenous
testosterone may impair spermatogenesis and cause azoospermia within
10 weeks after initiation of TRT [25]. However, most men are able to regain
the baseline spermatogenic function after cessation of TRT [26, 27]. The
largest study on the topic that involved men receiving intramuscular TRT for
a period of 30 months showed that the median time to recovery for baseline
spermatogenesis prior to TRT was 6 months, with more than 99% of the men
regaining their baseline spermatogenesis by 15 months [26]. Another
integrated analysis of 30 studies evaluated the recovery of spermatogenesis
after TRT used as hormonal male contraception, and showed that 90, 96, and



100% of men were producing sperm with a concentration >20 million/mL by
12 months, 16 months, and 24 months after TRT cessation, respectively [27].
The current scientific evidence clearly shows that most men of reproductive
age receiving TRT for treatment of hypogonadism will experience the
resolution of their azoospermia or severe oligospermia within 4-12 months
after cessation of TRT [28].

Anabolic steroid abuse (without prescription) among men is another
significant and underreported issue associated with male infertility, with a
lifetime prevalence between 3.0 and 4.2% [1]. Similar to testosterone,
anabolic steroids exert a negative feedback effect on the hypothalamus and
pituitary glands, thereby suppressing the release of LH and FSH [29] and
decreasing the production of endogenous testosterone and spermatogenesis.
The deterioration of semen quality after anabolic steroid abuse mainly
presents in the form of oligospermia, azoospermia, sperm dysmorphia, and
dysmotility [30, 31]. However, most cases of anabolic steroid-induced
infertility are also reversible, and usually resolve within 4-12 months after
discontinuation of use [32].

Medical Approaches to Improving Semen Quality

Medical treatment is primarily effective in the treatment of secondary
testicular failure as opposed to primary spermatogenic failure due to a lack of
clear understanding of the multiple discrete defects that lead to idiopathic
spermatogenic failure [33]. This part of the chapter outlines the impact that
certain hormonal medications such as anti-estrogens, gonadotropins, and
aromatase inhibitors may have in the treatment of male infertility, primarily
spermatogenic failure (Table 3.4).

Table 3.4 Effects of commonly used medications on seminal parameters

Medication Effect on seminal parameters
Testosterone Impaired spermatogenesis
Alpha-blockers Decreased sperm count and motility

5 alpha-reductase inhibitors |Decreased sperm count in 5% of men

Psychotropic medications

* Tricyclic antidepressants | Decreased sperm volume and motility

e Lithium Decreased sperm viability

Anti-hypertensive medications




* Beta-blockers Impaired sperm motility

* Diuretics Decreased sperm concentration and motility

* Calcium channel blockers|Decreased sperm density, motility, and acrosome reaction

Antibiotics
* Nitrofurantoin Decreased sperm count at high doses and spermatogenic arrest
* Macrolides Asthenospermia or sperm death at high doses
» Aminoglycosides Adversely affect spermatogenesis

Anticancer medications

» Chemotherapeutic agents | Damage to spermatogonial stem cells and Sertoli cells

Reprinted by permission from Samplaski et al. [52]

Selective Estrogen Receptor Modulators

Selective estrogen receptor modulators (SERMs) such as clomiphene and
tamoxifen were the mainstay of treatment for male infertility before the
advent of intracytoplasmic sperm injection (ICSI). The mechanism of action
of both drugs relies upon their antagonistic activity that blocks the inhibitory
feedback exerted by estrogen on the hypothalamus and anterior pituitary,
thereby resulting in increased production of pituitary gonadotropins (FSH and
L.H) that stimulates spermatogenesis and production of testosterone by testes.
Their favorable side effect profile, ease of administration, and low cost makes
them viable treatment options.

Unfortunately, the efficacy of anti-estrogens alone has not been
established for the treatment of male subfertility since many pertinent clinical
trials have used clomiphene and tamoxifen in combination with other agents
as the treatment protocol. A randomized controlled trial concluded that in
men diagnosed with idiopathic oligoasthenozoospermia, a combination of
daily clomiphene (25 mg) and vitamin E (400 mg) led to a significant
improvement in total sperm count, forward progressive motility, and
unassisted pregnancy rate (37% vs. 13%, p = 0.04) when compared to
placebo [34]. However, only 30 couples were recruited in each arm of the
trial. A meta-analysis of 738 subfertile men with oligoasthenozoospermia that
were exposed to short-term anti-estrogen treatment protocols reported only a
2.9% increase in pregnancy rate as compared to the control group (15.4% vs.
12.5%, odds ratio: 1.56; 95% CI 0.99-2.19) [35]. The authors concluded that
there is a lack of evidence to support the use of anti-estrogens in the
management of oligoasthenozoospermia. In another multi-institutional study



by Hussein et al. [36], 64% (27/42) men with non-obstructive azoospermia
responded to treatment with clomiphene and produced enough sperm in the
ejaculate to be able to undergo ICSI. The dose of clomiphene was titrated to
achieve a serum testosterone level between 600 and 800 ng/dL. The
posttreatment concentration of sperm ranged between 1 and 16 (mean: 3.8)
million/mL. However, the absence of cases of Sertoli-cell-only syndrome in
the studied population and the lack of a control group make it impossible to
establish a treatment-related effect of anti-estrogens on fertility outcomes.

Aromatase Inhibitors

Aromatase inhibitors, such as testolactone and anastrozole, increase serum
androgen levels by inhibiting the conversion of androgens (testosterone and
androstenedione) to estrogens (estradiol and estrone). The mechanism for
increased endogenous testosterone relates to the decreased feedback
inhibition of estrogens on the pituitary and hypothalamus, leading to greater
gonadotropin release [37]. Administration of aromatase inhibitors has been
shown to significantly improve semen parameters such as sperm
concentration and motility in oligozoospermic men [38]. Most patients that
are suitable for therapy with aromatase inhibitors have been shown to have a
testosterone-to-epitestosterone (T/E) ratio of <10 [38]. Despite the
commercial unavailability of testolactone in the United States, it has been
found to be more beneficial than anastrozole for the treatment of subfertile
men with Klinefelter syndrome [39].

Gonadotropins

Hypogonadotropic hypogonadism (low FSH, LH, and testosterone) can be
idiopathic or have a multitude of other etiologies, such as congenital
gonadotropin-releasing hormone (GnRH) deficiency (Kallmann’s syndrome),
neoplastic (pituitary adenoma, craniopharyngioma, and other central nervous
system tumors), or systemic (sarcoidosis, hemochromatosis). Diagnosis and
treatment of these underlying conditions with medications, if present, may
improve fertility.

Most men with hypogonadotropic hypogonadism benefit from restoration
of spermatogenesis with the use of gonadotropin replacement therapy [40].
Although both pulsatile GnRH and gonadotropin therapy appear to be
equivalent in improving semen quality and pregnancy rates [41, 42], very few



centers use pulsatile GnRH due to the inconvenience caused to patients by
having to wear a continuous subcutaneous infusion pump.

The conventional treatment regimen for gonadotropin deficiency involves
human chorionic gonadotropin (hCG) as a substitute for LH (1500-2000 IU
subcutaneously, twice or thrice per week) with or without recombinant
human FSH (rhFSH) (100-150 IU, 2—3 times weekly). The efficacy of this
treatment regimen is supported by significant evidence in the literature. In a
prospective study, there was an increase in the mean total motile sperm count
from zero to 4.8 million, and testicular volume from 4.1 to 12.4 mL [43].
Addition of FSH to hCG is more likely to restore spermatogenesis men with
prepubertal onset of hypogonadotropic hypogonadism, as opposed to men
with postpubertal onset in whom hCG alone seems sufficient to produce the
desired outcome [44]. Another study of men with hypogonadotropic
hypogonadism showed that 81 men achieved normal testosterone
concentration but remained azoospermic after pretreatment with hCG, and of
these men, 68 (84%) achieved spermatogenesis and 56 (69%) achieved sperm
concentration >15 million/mL after combination therapy with hCG and
rhFSH [45]. Another smaller study confirmed the efficacy and tolerance of
the combination therapy in 21 azoospermic men with hypogonadotropic
hypogonadism [46]. Another multi-institutional, open-label, phase III
randomized efficacy and safety study demonstrated that a weekly dose of
rhFSH (450 IU), in combination with hCG, successfully induced
spermatogenesis in many men with hypogonadotropic azoospermia that
initially failed treatment with hCG alone [47]. Time of onset of gonadotropin
deficiency and testicular volume are the best predictors of response to
gonadotropic therapy [48, 49].

Pulsatile GnRH therapy is typically initiated with a starting dose of
25 ng/kg/pulse administered every 2 h subcutaneously using a portable
infusion pump [50]. The dose is adjusted to achieve a mid-normal
testosterone level, and a dose of up to 200 ng/kg may be required to induce
virilization [50]. The dose can be reduced after the successful appearance of
secondary sexual characteristics [50].

There is little evidence to support the use of gonadotropins in men not
suffering from hypogonadotropic hypogonadism. In a study that randomized
112 oligoasthenozoospermic men to treatment with 100 U of rhFSH every
other day for 3 months versus no treatment, there was no improvement in the
seminal parameters of the treated cohort [51]. However, on subgroup



analysis, a group of men with cytological evidence of hyperspermatogenesis
on fine needle aspiration had a significant improvement in their seminal
parameters [51].

Conclusion

This chapter highlights the impact of some of the most common lifestyle and
medical factors on sperm quality and male fertility as per existing scientific
literature. However, it is very likely that many additional factors that impact
sperm quality are yet to be identified and investigated. Further research and
well-designed, clinically meaningful studies are required to clearly establish
the impact of these factors on sperm quality in order to effectively treat male
infertility.

In the case of Mr. PM, he should be strongly counseled to quit smoking
and reduce his alcohol consumption. Furthermore, he should undergo
comprehensive liver function evaluation, since hepatic disease secondary to
chronic alcoholism may cause an increase in serum estrogen levels and affect
fertility. His semen analysis should be repeated in 3 months.

Lifestyle areas to consider

1. Occupational hazards (taxi drivers, working in hot environment, use of
laptops)

2. Potential impact of cell phone use (microwave)

3. Obesity as a lifestyle issue is widely discussed because of its impact on
men’s fertility and sexual potency.

Other suggested management approaches

1. Lifestyle modification: clothing, avoiding hot environment, giving up
recreational drugs (cannabis, heroin, kata)

2. The role of antioxidants.
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Introduction

Testosterone (T), the male sex hormone, was first extracted by the combined
efforts of Ruzicka and Butenandt who were granted the Nobel Prize in
Chemistry for their accomplishment [1]. However, this was done almost half
a century after the disputed attempt of Harvard Professor Charles Brown-
Séquard, who injected himself with “elixir” extracted from the testes of dogs
and guinea pigs. Despite reporting improved vitality, strength, and mental
facility before the Sociéte de Biologie in 1889, the excessive ridicule and
criticism he suffered from his colleagues put an end to his research [2].
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Biophysiology of Testosterone
Synthesis

Testosterone is a C19 hormone derived from a C27 cholesterol,
predominantly produced from testicular Leydig cells (95%) [3]. The C27

cholesterol molecule passes through several steps of oxidation to produce

testosterone. This process takes place initially in the mitochondria where

cholesterol transport to the inner mitochondrial membrane is facilitated by the
steroidogenic acute regulatory protein (StAR) followed by hydroxylation of

cholesterol by cytochrome P450 (CYP11A) to C21 pregnenolone [4].

Pregnenolone is then transported to the endoplasmic reticulum where it is

metabolized to testosterone through one of two pathways: the Delta-4

pathway or the A(Delta)5 pathway (Fig. 4.1) [5].
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Fig. 4.1 Testosterone synthesis

Transport

Only 2% of testosterone circulates free in the blood while 44% is bound to




sex hormone binding globulin (SHBG) and 54% bound to albumin.
Testosterone must be unbound to be able to diffuse to cells and perform its
action. Since the binding affinity of testosterone to SHBG is 100 times more
than albumin, the bioavailable testosterone is comprised of free testosterone
and albumin-bound testosterone [6].

Metabolism

Testosterone can be metabolized through three different pathways. The first
is aromatization by cytochrome P450 enzyme (CYP19) (aka aromatase
enzyme) to produce C18 estradiol. Aromatase enzyme is predominantly
expressed by adipose tissue; however, it is present in small amounts in other
tissues including Leydig cells [5]. The second is reduction by 5a(alpha)
reductase enzyme to 5a(alpha) dihydrotestosterone (DHT)—an active form
of testosterone that binds with much more affinity to testosterone receptors in
different body organs. There are two forms of the 5a(alpha) reductase
enzyme. Isoenzyme I is expressed by hepatic and somatic cells, while
isoenzyme II is expressed in the male genital tract. Finally, testosterone can
also undergo degradation in the liver and ultimately be excreted by the
kidneys [7].

Regulation of Testosterone Production
Hypothalamic Pituitary Gonadal Axis

Testosterone synthesis is regulated by the hypothalamus and pituitary gland
(Fig. 4.2). A neuropeptide hormone called gonadotropin-releasing hormone
(GnRH) is secreted by the hypothalamus. GnRH then passes through the
hypothalamo-hypophyseal portal circulation to the anterior pituitary where it
stimulates the production of the glycoprotein hormones: luteinizing hormone
(LH) and follicle stimulating hormone (FSH). FSH and LH are consequently
secreted into the circulation to carry stimulatory actions to the testes. FSH
acts on Sertoli cells triggering spermatogenesis and hormone synthesis,
essentially inhibin. LH on the other hand binds to LH receptors on Leydig
cells stimulating steroidogenesis and testosterone production. There is some
evidence suggesting that FSH may stimulate testosterone production by
Leydig cells secondary to release of activating hormones from Sertoli cells
[3]. GnRH is secreted in a pulsatile manner leading to a similar response in



LH and consequently testosterone synthesis giving rise to a circadian rhythm
that is essential for human health and well being [8].
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Fig. 4.2 The hypothalamic—pituitary—gonadal axis

Testosterone is then aromatized to estradiol, which exerts a negative
feedback on the hypothalamus and pituitary gland resulting in decreased
production of GnRH, FSH, and LH consequently maintaining testosterone in
its optimal range. Inhibin also exerts a negative feedback on the pituitary
gland decreasing LH and FSH production [3].

Paracrine Regulation of Testosterone Production

Several nonhormonal factors were proven to regulate testosterone production
including insulin-like growth factor 1 and 3, leptin, gherlin, and tumor



necrosis factor B. However, their exact effect on testosterone regulation is
still not fully established [9].

Physiological Functions of Testosterone

Androgens play a crucial role in the development of male reproductive
organs such as the epididymis, vas deferens, seminal vesicles, prostate, and
penis. In addition, androgens are necessary for puberty, male fertility, and
male sexual function. High levels of intratesticular T, secreted by Leydig
cells, are required for spermatogenesis.

Several studies have recognized the effects of testosterone on body
composition, including an increase in lean body mass, muscle size, and
aerobic capacity [10]. Moreover, supraphysiologic doses of T produce further
increments in fat-free mass and strength. The improvement in maximal
voluntary strength makes T very appealing among weight lifters, as this
phenomenon is critical for superior performance in such events. A positive
relationship has been also identified between T and vertical-jumping ability,
supporting the idea that T possibly plays a significant role in neuromuscular
function [11] or power movements and explaining its use in endurance

athletes as well (Fig. 4.3).
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Fig. 4.3 Physiologic effects of androgenic anabolic steroids

What Are the “Anabolic Steroids”?

The study of the anabolic effects of testosterone in the 1930s led to the
development of synthetic substances that were named anabolic androgenic
steroids (AAS). Their ability to facilitate growth of skeletal muscles was the
main reason for their extensive abuse by competitive athletes around the
world (Fig. 4.3). In 1974, the International Olympic Committee prohibited
the use of AAS by athletes and since then an update of banned substances is
issued yearly.

AAS are synthetic metabolites that provide enhanced anabolic effects for
their consumer. They are produced from testosterone, which is chemically
modified to prevent its rapid metabolism by the liver, increase its half-life
and subsequently its overall anabolic action. This was initially done by
alkylation of the molecules but this resulted in major liver toxicity, so newer
modifications were used including methylation, chlorination, or
aromatization. All these chemical modifications result in the production of
AAS with high concentration, longer half-life and more potent anabolic effect
than the original testosterone molecule. Table 4.1 includes a list of various
AAS available in market [12].

Table 4.1 Androgenic anabolic steroid list and doses

Androgenic anabolic steroids

Generic name |Dosage (mg)
Oral agents

Fluoxymesterone 10-40
Metyltestosterone 10-25
Oxandrolone 10-20
Oxymetholone 50
Stanozolol 5-15
Ethylestrenol 10-20
Metyltestosterone 5-10
Methenolone acetate 25-50
Quinbolone 20-40
Norethandrolone 10-20
Mesterolone 25-75
Testosterone undecanoate 40-160




Injectable agents

Nandralane-Ldifferent-prenaratican)—50—-100
INaTATrOToNC (I e preparattons ) —ou=1ou

Trenbolone 76-152
Testosterone (different preparations)|100-200
Dromostanolone 100
Methenolone enanthate 100
Methylandrostenediol 50-100
Oxabolone 25-50

Testosterone and Anabolic Steroids Abuse
Nonmedical (Athletic) AAS Abuse

Clinical Case Scenario 1

A 29-year-old man presented to the clinic complaining of primary infertility
of 1 year duration. For the past 6 years, he has been engaged in serious
bodybuilding exercises and was advised by his trainer to receive testosterone
injections to enhance his muscle mass and power. He received testosterone
enanthate 250 IU intramuscular (IM) injection every other day for 1 month—
a course that was repeated 4 times a year for 3 years. His last course dated

2 years back. He complained of a decreased libido but his erections were
normal.

General examination revealed a muscular patient with normal body mass
index and normal secondary sexual characteristics. Both testes were in the
scrotum with normal size and consistency during local genital examination,
without any palpable abnormalities in the epididymis, vasa deferentia, and
spermatic cords. His semen analysis showed azoosepermia and his blood test
results revealed low serum testosterone.

This case is a classical representation of AAS abuse frequently
encountered around the world. In 2004, the medical commission of the
International Olympic Committee (IOC) reported that around 1% of athletes
tested positive for AAS during the last decade. However the true prevalence
of AAS abuse is anticipated to be much higher [13], especially abuse in
noncompetitive athletes that is not recorded. Self-report surveys from
adolescents showed a prevalence of AAS abuse ranging from 1-6% [14—16].
The most frightening fact was that this abuse started as early as the age of
15 years.



Although hormones are strictly purchased with a prescription, the black
market represents a major threat to the medical safety of individuals by
providing them to athletes without any control. Actually, trainers deliver
AAS to athletes with the intention of producing massive and rapid effects on
muscle bulk in a very short time—a process that cannot be attained even with
multiple diet regimens and regular exercises. The profile of AAS abusers has
changed with time. The media that defined the attractive man model as being
muscular and a strong “Superman” probably influences this change.

Although the prevalence of AAS abuse is very high, its actual benefit in
sports is still debatable. Some studies concluded that AAS had no effect on
muscle mass or performance while others strongly encourage its use based on
significant positive effects on athletes’ performance [17, 18].

The Therapeutic Use of Testosterone

Testosterone replacement can be considered in patients experiencing
symptoms of hypogonadism along with biochemical evidence of low serum
testosterone levels. It is typically prescribed for patients complaining of
decreased libido, erectile dysfunction, fatigue, decreased muscle mass,
depression, lack of concentration, and a low sense of wellbeing.

Clinical Case Scenario 2

A 46-year-old banker presents with secondary infertility for 5 years. Four
years earlier, he consulted a urologist to complain of decreased libido. The
urologist started him on long-acting testosterone after blood testing revealed
low serum testosterone. Unfortunately, this is a commonly encountered
incident in andrology clinics, where some doctors abuse testosterone for
treating sexual dysfunction without counseling the patient regarding its side
effect.

Effects of Testosterone and Anabolic Steroid Abuse
Effects on Male Fertility

Exogenous administration of testosterone or its synthesis derivatives induces
feedback inhibition on the hypothalamic—pituitary axis resulting in reduction
of FSH and LH synthesis and consequently a decrease of intratesticular T



levels. Infertility after AAS abuse commonly presents as oligozoospermia or
azoospermia, associated with abnormalities in sperm motility and
morphology [19].

Histopathologic evaluation on testicular tissue in AAS abusers revealed
Leydig cell alterations mainly [20]. Moreover, impairment of
spermatogenesis with a picture of maturation arrest has been described [21].
After AAS discontinuation, Leydig cells tend to proliferate but remain below
the regular counts, even after longer periods. Clearly, long-lasting, or
possibly persistent effects of AAS use cannot be ruled out. Apoptosis has
been reported to play an important role in the regulation of germ cell
populations in the adult testis. Recently, the correlation between apoptosis
and high AAS doses and exercise has been experimentally assessed in animal
models. Shokri et al. [22] report a significant increase in the rate of apoptosis
of spermatogenic cells after nandrolone administration—an increase clearly
amplified by physical exercise.

Effect on Sexual Function

Erectile dysfunction (ED) is common in patients receiving AAS. It usually
starts 5—6 weeks after the initiation of treatment and is most notable with
nandrolone and trenbolone. Possible reasons for this consequence include
excessive estrogen levels or reduction of DHT levels. Estrogen is commonly
elevated secondary to unopposed aromatization of exogenous T. Kwan et al.
[23] confirmed existence of inhibited sexual activity, spontaneous erections,
and nocturnal penile tumescence in men receiving estrogen. In addition to its
negative feedback effects on gonadotropin secretion by the hypothalamus and
pituitary gland, estrogen competes with testosterone on binding to ARs
throughout the body. As estrogen levels increase, testosterone cell stimulation
may be locked in the “off” position, thus reducing sexual arousal and causing
loss of libido. DHT is essential for erectile function. Again, inhibition of the
hypothalamo—pituitary—gonadal axis results in reduction of endogenous T
and consequently DHT causing ED.

Other Effects of Testosterone and Anabolic Steroid
Abuse

Cardiovascular Effects



Several reports have linked AAS abuse to cardiovascular morbidity and even
mortality [24]. These dreadful events tend to occur in young men without any
previous cardiac history, and are secondary to atherogenic changes,
thrombogenic effects, vasospasm effects, and direct myocardial toxicity that
is often seen in AAS abusers [25]. Autopsy studies revealed the presence of
hypercontracted, deeply eosinophilic cardiac myocytes [24], likely
representing exposure to increased sympathetic activity. Certainly, this
exaggeration of sympathetic activity has been found in few animal studies to
be triggered by androgens [26]. AAS abuse results in left ventricular (LV)
concentric hypertrophy that seems to persist years after discontinuation [27].
Atrial fibrillation, ventricular arrhythmia, diastolic dysfunction, and sudden
cardiac death are all linked with this concentric remodeling of LV
hypertrophy. Recent echocardiographic studies showed that both systolic and
diastolic dysfunctions were directly proportional to the dose and duration of
AAS use [28]. The utilization of AAS has been associated with polycythemia
and adverse alterations in clotting factors [29]. A few reports have
demonstrated that nonaromatizable androgens, such as stanozolol, can reduce
plasma high-density lipoprotein by more than 30% [30]. AAS additionally
increase hepatic lipase activity, subsequently worsening the dyslipidemia. All
these factors place AAS abusers in real danger of life-changing
cardiovascular incidents.

Hepatic

AAS use has been associated with elevations of various liver functions tests
such as alkaline phosphatase, aminotransferases, conjugated bilirubin, and
plasma proteins [31]. In the majority of cases, this elevation of liver enzymes
is transient, with levels normalizing about 2 weeks after sensation of AAS
use. Jaundice has been reported to occur following 2—-5 months of treatment.
Moreover, 17-alpha alkylated agents were particularly associated with
cholestasis [32]. Breakdown of skeletal muscles amid extreme training may
bring about an elevation of transaminases and hence should be assessed with
caution in competitive athletes. Peliosis hepatis and hepatocellular adenomas
have been also seen with the utilization of 17-alpha alkylated AAS [33].
Strong evidence linking hepatocellular carcinoma with AAS is lacking [34].

Musculoskeletal



Estrogen produced by excessive aromatization of testosterone may result in
premature epiphyseal plate closure. Androgens can have a paradoxical
catabolic effect on tendons and ligaments characterized by an increased risk
of rupture of biceps and quadriceps tendons [35]. Ultrastructural analysis of
tendons in rodents treated with anabolic steroids shows dysplasia of collagen
fibrils [36].

Subcutaneous Tissue

Acne fulminans and acne conglobate are the two most common forms of acne
seen in almost half of AAS abusers [37]. Sebaceous gland hypertrophy, cysts,
increased skin surface fatty acids, and increased cutaneous populations of
propionibacterium acnes are all contributing factors to acne formation in this
population. Anecdotal evidence shows that acne associated with AAS can get
worse with vitamin B supplements [37]; hence, subjects using AAS should be
warned about this consequence.

Balding is another consequence resulting from continued steroid use. It is
believed to be secondary to androgen receptor-mediated gradual
transformation of active large scalp epithelial hair follicles into smaller
dermal villus follicules [38].

Neuropsychiatric

Several case reports of adverse central nervous system effects for AAS have
been described. Negative feedback inhibition of the pituitary gland may result
in secondary empty sella syndrome [38]. Persistent hiccups were also
reported in an elite bodybuilder abusing AAS, suggesting a brain stem locus
of involvement [38]. Permanent central vertigo and insomnia are other
symptoms that have been linked to AAS abuse [38].

AAS use has been associated with a variety of psychiatric disturbances
such as aggression, dysthymia, psychosis, and criminal behavior. The
severity of these symptoms appears to be dose-dependent. Twenty-three
percent of medium- and high-dose abusers (more than 300 mg AAS/week)
did meet the Diagnostic and Statistical Manual of Mental Disorders (DSM-
I11-R) criteria for a major mood syndrome (mania, hypomania, and major
depression) and up to 12% of them developed psychotic symptoms [39]. In a
double-blind, randomized, placebo-controlled crossover study, eight men
received increasing doses of testosterone cypionate (150 mg/week for



2 weeks, 300 mg/week for 2 weeks, and 600 mg/week for 2 weeks). The
subjects’ aggressive responses were experimentally evaluated and were found
to be significantly higher among patients receiving supraphysiologic doses of
T [40]. Another placebo-controlled study showed that manic symptoms are
more prevalent among men receiving 600 mg per week testosterone
cypionate than men receiving lower doses or placebo [41]. Moreover,
delusions of grandiosity, elation, criminal behavior, and acute confusional
states has also been associated with AAS abuse [42]. Interestingly, AAS
abusers exhibited dependency on other substances with approximately 70%
of them meeting criteria for alcohol dependence [43], followed by opioid
dependence [44].

Diagnosis of Testosterone and Anabolic Steroid Abuse

Patients abusing testosterone or anabolic steroids are commonly encountered
in male fertility clinics because of inability to father a pregnancy. The
diagnosis of AAS abuse is based on a number of phenotypic, physical, and
laboratory characteristics. The majority of patients doping on AAS appear
“buffed-up.” Physical examination may reveal acne on the back or face,
premature baldness, striae or stretch marks especially on the axillae,
gynecomastia, signs of heart failure, hepatomegaly, and testicular atrophy.
Laboratory investigations reveal normal volume azoospermia or oligospermia
on semen analysis, low serum FSH and LLH secondary to feedback inhibition,
variable serum testosterone level depending on the type and dosage of the
abused substance and the timing of the blood test, and a variable serum
estradiol level depending on the type of the abused substance and on whether
stacking with aromatase inhibitors is performed.

AAS detection is principally executed by various sport authorities
fighting against their use in competitive sports. The 1954 World
Weightlifting Championships witnessed the first reported use of AAS by
competitive athletes [45]. Testing, however, started more than 20 years later
at the 1976 Olympic Games in Montreal and was mainly based at that time
on radioimmunoassay techniques [45]. During recent decades, the number
and forms of doping substances substantially grew, calling for a proportional
advancement in diagnostic methods. Of all doping substances in 2012
reported by the World Anti-Doping Agency (WADA), about 50% were
anabolic steroids [46]. Urine, blood, hair, saliva, sweat, and nails can all be



used as biological specimens to perform laboratory drug testing, each
providing different levels of specificity, sensitivity, and accuracy. Urine is
mainly the preferred test substance as it is easy to collect. Concentrations of
drugs and drug metabolites also tend to be high in the urine, allowing longer
detection times than in other body fluids. Several methods have been implied
in the detection of AAS, they include gas and liquid chromatography, mass
spectrometry, enzyme-linked immunosorbent assays (ELISAs),
radioimmunoassays, urinary testosterone-to-epitestosterone (T/E) ratio, and
measures of the biologic activity of endogenous androgens.

Management of Testosterone and Anabolic Steroid
Abuse

Male Infertility Management

Cessation of AAS abuse is fundamental in the treatment of patients seeking
fertility. Patients should be encouraged that recovery of spermatogenesis after
drug discontinuation is generally promising. A World Health Organization
(WHO) Task Force study evaluated the effect of testosterone enanthate on
semen parameters of 271 men [47]. After 6 months of treatment, azoospermia
was detected within a mean duration of 120 days in 65% of men. Recovery
was documented in 84% of men who had a sperm density >20 million/mL
after a median of 3.7 months [47]. This study and few others demonstrated
recovery of spermatogenesis in patients receiving testosterone as a method of
contraception. The situation may not be similar to what is encountered in
clinical practice. AAS abusers generally receive supraphysiologic doses of
steroids and perform stacking with multiple formulations, resulting in effects
that may be more detrimental on testicular function and degree of recovery of
spermatogenesis.

A major disadvantage for abrupt cessation of AAS use is that patients
often suffer from the resulting state of hypogonadism that occurs. Recovery
of the hypothalamic—pituitary—gonadal axis is usually gradual, meaning that
patients often develop symptoms of hypogonadism for a period of time until
recovery ensues. Aiming to enhance testicular endocrine function and
spermatogenesis, many clinicians resort to chemically increase endogenous
testosterone productions through the use of selective estrogen receptor
modulators, aromatase inhibitors, and gonadotropin analogues.



Selective Estrogen Receptor Modulators

Clomiphene citrate (CC) and tamoxifen are selective estrogen receptor
modulators (SERM) that competitively bind to estrogen receptors on the
hypothalamus and pituitary gland. As a result, they prevent the inhibitory
effect of estrogen on gonadotropin production thereby increasing LH and
ultimately testosterone production by the testes. Potential side effects include
facial flushing, excessive sweating, gynecomastia and breast tenderness,
weight gain, hypertension, cataracts, and acne.

The efficacy of CC in increasing serum T is well established. Taylor and
Levine compared CC efficacy to T gel replacement therapy [48], with an
average posttreatment testosterone of 573 and 553 ng/dL in the CC and T gel
groups, respectively. CC is an established alternative treatment for men with
hypogonadism, demonstrating biochemical and clinical efficacy with few
side effects and lower costs than T replacement. A recent investigation from
Memorial Sloan-Kettering Cancer Center verified the safety and efficacy of
long-term CC use [49]. Eighty-six men with hypogonadism were treated with
25-50 mg CC for a mean duration of 19 months resulting in an average
testosterone level of 550 ng/dL. with significant improvements in libido and
energy [49].

Existing studies on the influence of CC and tamoxifen on sperm
production confirm favorable outcomes. Patankar et al. [50] treated patients
with oligospermia (including severe oligospermia) with only 3 months of CC
and demonstrated a statistically significant improvement in semen
parameters. A recent meta-analysis of 11 randomized controlled trials found
that anti-estrogen therapy was associated with a statistically significant
increase in sperm concentration (weighted mean difference [WMD] 5.24;
95% ClI, 2.12-88.37; p = 0.001), and sperm motility (WMD, 4.55; 95% ClI,
0.73-8.37; p = 0.03) [51]. Moreover, the authors concluded that treatment
with CC or tamoxifen for 3—6 months resulted in a statistically significant
increment in pregnancy rate.

Human Chorionic Gonadotropin

Human chorionic gonadotropin (hCG) is an LH analog administered
subcutaneously or intramuscularly 2—3 times per week at doses of 2000—
3000 units. It stimulates Leydig cell production of endogenous T and is
capable of initiating spermatogenesis in men with hypogonadotropic



hypogonadism [52]. This effect, however, occurs for a short duration
necessitating the use of FSH to maintain improvements in spermatogenesis.
In one case series, 13 azoospermic men with hypogonadotropic
hypogonadism were initially treated with a combination of hCG and human
menopausal gonadotropin (hMG) to stimulate spermatogenesis; hMG was
then withdrawn and patients continued treatment with hCG alone for a period
ranging from 3 to 24 months. After 12 months of treatment, sperm counts
significantly decreased in all patients with one of them becoming
azoospermic [53].

Human chorionic gonadotropin administered in lower doses has also
maintained a favorable testicular response. In a randomized trial by Roth et
al., experimental gonadotropin deficiency was induced in 37 normal men
with GnRH antagonists. Patients were then randomized to receive either
several low doses of hCG or T gel daily. Testicular fluid obtained by
percutaneous aspiration was assessed at baseline and after 10 days of
treatment. Results indicate that intratesticular T levels increased in patients
receiving far lower doses of hCG than what is therapeutically prescribed [54].

Human Chorionic Gonadotropin and Testosterone

Human chorionic gonadotropin has been utilized in clinical practice in
combination with exogenous testosterone specifically in patients
experiencing detrimental effects on their wellbeing after stopping testosterone
replacement.

Aromatase Inhibitors (Anastrozole and Letrozole)

Aromatase is an enzyme that belongs to the cytochrome P450. It is present in
the testis, liver, brain, and adipose tissue and is responsible for converting T
to estradiol. Aromatase inhibitors block this conversion thereby minimizing
the negative effects of estradiol on gonadotropin secretion and intratesticular
T production. The subsequent increase in levels of LH, FSH, and testosterone
consequently improved spermatogenesis [55]. Such medications are most
commonly indicated in the treatment of male infertility in obese patients or
when the testosterone-to-estradiol ratio is less than 10.

Aromatase inhibitors have been mostly evaluated in the management of
age-related hypogonadism. In a recent study by Dias et al. [56], aromatase
inhibitors consistently increased serum T levels and, more importantly,



improved patients’ bone mineral density. However, in a randomized, double-
blind, placebo-controlled trial, anastrozole resulted in an inferior elevation in
serum T level than CC [57].

Sexual Dysfunction Management

Sexual dysfunction is commonly encountered in AAS abusers after quitting
steroid use or even while doping. Reasons include the body’s response to
specific steroids, estrogen imbalance, testosterone deficiency, and 5-AR
inhibitor use. Nandrolones, for example, are very similar to synthetic
progestins having central nervous system depressing effects on sexual
function. AAS at doses comparable to human abuse levels reversibly blocked
sexual receptivity and interrupted neuroendocrine axis in rats [58].

Management of sexual dysfunction in AAS abusers should start with
correction of the underlying hormone imbalance as stated previously. Oral
phosphodiesterase inhibitors (PDES5i) can be used to bridge the period until
hormonal imbalance is corrected. An inferior response to PDE5is can be
expected while hypogonadism is prevalent. Indeed, Yassin et al. [59]
demonstrated that correction of hypogonadism is pivotal in the management
of erectile dysfunction in hypogonadal men. Another study compared PDE5i
monotherapy versus PDE5i and T in hypogonadal men and reported a
superior outcome on erectile function with the combination therapy [60].
Patients not responding to medical treatment even after correction of
hormonal imbalance should be evaluated to rule out organic causes of erectile
dysfunction and be managed accordingly.

Conclusion

The abuse of AAS remains a major health concern all around the globe, with
multiple organ system affection placing the abuser at risk for morbidity or
even mortality. Efforts need to be employed not only to target individual
black-market distributors, but also to prosecute and monitor their
development and distribution by pharmaceutical companies. Moreover,
raising the society’s awareness, especially among adolescents, should help in
alleviating this public health hazard. Fertility management of

A AS/testosterone abusers is initiated with endocrine therapy to help stimulate
testicular function and bridge subsequent testosterone deficiency. In the



majority of patients, infertility secondary to AAS abuse is temporary with a
documented improvement in semen parameters expected after a duration of
up to 6 months from stopping the abuse.
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Introduction

The testicular functions, the spermatogenesis, as well as the hormonal
secretion are under the control of the hypothalamus—pituitary unit.
Neurokinin B, kisspeptin, and dynorphin together are found in a
subpopulation of neurons in the arcuate nucleus of the hypothalamus and are
involved in the regulation of the gonadotropin-releasing hormone (GnRH)
secretion [1]. Kisspeptin via its receptor GPR54 on the GnRH neurons in
hypothalamus stimulates the release of GnRH [2]. The latter is secreted in a
pulsatile fashion (1 pulse every 60—120—-180 min) [1]. Only in such a manner
of release is the stimulus effective. GnRH enters the pituitary portal
circulation and reaches the gonadotroph cells in the anterior hypophysis,
which release follicle-stimulating hormone (FSH) and luteinizing hormone
(LH). Both are glycoproteins with the structure resembling those of
thyrotropin-stimulating hormone (TSH) and of human chorionic
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gonadotropin (hCG). LH stimulates the testosterone biosynthesis in the
Leydig cells, while FSH supports spermatogenesis and stimulates the
secretion of both inhibin B and anti-Miillerian hormone (AMH) by the Sertoli
cells [3]. Estrogens in men are mainly produced by peripheral conversion of
androgens by the P450 aromatase. During and after puberty, testosterone via
androgen receptors on Sertoli cells plays an important role in
spermatogenesis and decreases the AMH production [3, 4]. The inverse
relationship between testosterone and AMH persists from puberty into
adulthood [4]. Sertoli cells via production of inhibin B decrease FSH
secretion [5]. Testosterone directly as well as after aromatization to estradiol
feeds back negatively on the LH secretion [1, 6]. This feedback on the LH
involves not only the pituitary but partly also the GPR 54 and its ligand
kisspeptin [2, 7]. The complicated machinery of the hypothalamus—pituitary—
testicular axis is shown schematically in Fig. 5.1.
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Case Report



A 37-year-old man presents with severe oligoasthenoteratozoospermia
(OAT): sperm concentration was 3 million/ml with 100% immotile sperms
and 90% with abnormal morphology. His testes were evaluated by
ultrasound: with normal volume and structure. There were no signs of
varicocele. FSH and inhibin B levels were in the normal range: 2.24 TU/L and
187 pg/ml, respectively. After 3.5 months of treatment with clomiphene

25 mg/day (an estrogen receptor blocker) in combination with 1 capsule
FertilAid (vitamins and antioxidants supplement) 3 times daily his
spermiogramm revealed: sperm concentration 75 million/ml, 13% forward
motility, and 65% with abnormal morphology.

This case illustrates that normal values of inhibin B and FSH were
prognostic for the benefit of empiric therapy (this will be discussed in more
detail in the Section “Therapy: Hormonal Treatment of Idiopathic
Infertility”).

Male Hypogonadism

Hypogonadism results from testicular failure (primary hypogonadism), or as
a consequence of the hypothalamus and/or pituitary dysfunction (secondary
hypogonadism). Male hypogonadism is a clinical syndrome of androgen
deficiency and/or failure of producing normal number of spermatozoa with
normal quality. Clinical signs and symptoms of androgen deficiency include
absent puberty, small testes, decreased or absent body and facial hair,
decreased muscle strength, visceral obesity, decreased bone mineral density,
depressed libido, reduced morning erections, erectile dysfunction, and male-
factor infertility [8]. Hypogonadism can be further separated into congenital
and acquired forms. Characteristics for the male hypogonadism are serum
levels of total testosterone below the normal values of 12 nmol/l and/or free
testosterone below 250 pmol/l [9]. Hypogonadism may not always be evident
by low testosterone levels: some patients with primary testicular failure may
have normal testosterone concentrations but high LH, which is referred as
subclinical or compensated hypogonadism [8]. The prevalence of
hypogonadism varies between 2.1 and 5.1% [1].

Among the most relevant forms of male hypogonadism of hypothalamic—
pituitary origin are hyperprolactinaemia, isolated hypogonadotropic
hypogonadism (IHH), and Kallmann syndrome (hypogonadotropic
hypogonadism with anosmia) [8]. Male hypogonadotropic hypogonadism is



rare with a prevalence 1 in 10,000 men [2]. The most widespread form of
male hypogonadism of gonadal origin (primary hypogonadism) is Klinefelter
syndrome with an incidence of 0.1-0.2% of male neonates [9]. Primordial
germ cells degenerate early, so that by the beginning of the reproductive
period of life the spermatogenesis is preserved only in very few seminiferous
tubules.

Androgen receptor defects result in complete or partial androgen
insensitivity syndrome [2] with infertility as an obligate feature.

The classification of hypogonadism is important also from therapeutic
point of view: in males with hypogonadotropic (secondary) hypogonadism
hormonal replacement therapy can successfully induce fertility [8].

Hyperprolactinemia

Prolactin is 23 kDA polypeptide hormone produced by the lactotrophs of the
anterior pituitary; it is under tonic hypothalamic inhibition via dopamine D2
receptors [10]. Its physiological role in males remains unknown. A trophic
effect of prolactin on male accessory glands is discussed [11]. While low
prolactin may reflect a decreased serotoninergic signaling in the brain and is
associated with a poor control of ejaculation [10, 11], elevated secretion of
this hormone has serious pathological consequences. Processes causing
pituitary stalk compression or section may give rise to hyperprolactinaemia
because of the reduction or interruption of tonic negative dopaminergic
influence of the hypothalamus on the pituitary lactotrophs [12]. High
(>1500-2000 mU/L) blood levels of the hormone are often due to prolactin-
secreting pituitary tumors (prolactinomas), which can be either
microadenomas (less than 10 mm in diameter) and macroadenomas (more
than 10 mm in diameter). Hyperprolactinemia can be caused also by pituitary
tumors secreting both prolactin and growth hormone as well as by empty
sella syndrome. Hyperprolactinaemia is observed in chronic renal failure as
well as in primary hypothyroidism where, because of the insufficient thyroid
function sustained elevated thyrotropin-releasing hormone (TRH) secretion
also may involve prolactin production. Hyperprolactinemia may also result
from systemic use of drugs with dopamine antagonistic effects, such as
metoclopramide and haloperidol, dopamine synthesis inhibitors (a[alpha]-
methyldopa), opiates, calcium channel blockers, as well as medications
stimulating prolactin synthesis and secretion (H2-blockers, estrogens).



Whatever the cause, hyperprolactinaemia suppresses the gonadal axis on
several mechanisms. It disturbs the pulsatile secretion of GnRH from the
hypothalamus, which in turn decreases the FSH and LH secretion with
testicular failure as a consequence [12]. Recently, it was shown that
hyperprolactinemia via suppression of the kisspeptin decreases the GnRH
secretion [13]. The tumor can also press and destroy the pituitary
gonadotrophs. Direct effect of hyperprolactinaemia on the testes in men is
still a matter of debate [2]. Symptoms of excessive prolactin secretion include
depressed libido and erectile dysfunction; galactorrhoea in men and
gynecomastia are rare. Usually, spermatogenesis is not heavily disturbed and
often the sperm parameters remain in referent values. A study from Italy
concluded that systematically evaluating prolactin levels in male infertility is
not justified [11]. Because symptoms are usually not pronounced and not
specific, hyperprolactinemia in men is usually discovered with some delay.
This seems to be the cause for the higher prevalence of macroprolactinomas
in men in comparison to the women. Hypoactive sexual desire as well as a
hypogonadotropic hypogonadism raises the suspicion for
hyperprolactinaemia.

Thyroid Diseases

Thyroid disorders are quite prevalent in people of reproductive age; 4—

5 times more frequent in women than in men [14]. Thyroid hormone
receptors have been described in human testis [14]. Since 1905 it has been
observed that thyroid disorders, both hypo- and hyperthyroidism, affect the
reproductive system [15].

Primary hypothyroidism (Table 5.1) results in a decrease of sex hormone-
binding globulin (SHBG) and total testosterone concentrations, with free
testosterone levels reduced in about 60% of hypothyroid males [15].
Elevation of serum prolactin concentrations might be observed. Normal FSH
and LH levels and blunted gonadotropin responses to gonadotropin-releasing
hormone indicate that in primary hypothyroidism the defect is not in the
gonads but rather in the hypothalamus or pituitary [15]. Short-term post-
pubertal hypothyroidism might decrease semen volume and sperm forward
motility [14]. The conclusion of a prospective, controlled study was that in
hypothyroidism only sperm morphology was significantly affected [15].
However, some years ago I treated a man with severe asthenozoospermia. He



did not show any signs of hypothyroidism, but his TSH levels, measured
routinely, were surprisingly high (>100 mIU/L). In the following months
normalization of TSH levels was achieved with L-thyroxine replacement and
sperm forward motility gradually increased without additional therapy.

Table 5.1 Parameters of male gonadal axis in thyroid disorders (hyperthyroidism and primary
hypothyroidism)

Parameters Hyperthyroidism Hypothyroidism
Sex hormone-binding globulin (SHBG) Increased Low
Total testosterone Increased Decreased
Free testosterone Reduced Low
Estradiol Increased Normal
Luteinizing hormone (LH) basal levels Increased or normal Normal
Follicle-stimulating hormone (FSH) basal Increased or normal Normal
levels
Gonadotropin responses to gonadotropin- Exaggerated or normal Blunted
releasing hormone (GnRH)
Pulsatile secretion of LH and FSH Co-pulsatility between LH and FSH

more pronounced

Thyroid hormone metabolism is mediated by cellular deiodinases, which
belong to a large family of human proteins containing selenocysteine [16]. A
multisystem selenoprotein deficiency disorder was described. Its features
include male infertility, skeletal myopathy, hearing loss along raised free
thyroxine, normal or low free triiodothyronine, and normal thyrotropin
because of functional deiodinases deficiencies [16].

The interplay of thyroid autoimmunity and male infertility is not clear yet.
Whether thyroid antibodies alter semen parameters directly still remains a
matter of debate [14, 15].

In males with hyperthyroidism SHBG is elevated, total and bound
testosterone are increased, free testosterone is reduced or without detectable
changes, but the metabolic clearance rate of testosterone is reduced;
circulating estradiol levels are elevated (Table 5.1) [14, 15, 17]. The lack of
unbound sex steroids in hyperthyroid conditions is more pronounced in male
patients than in women, probably because of the higher affinity of SHBG for
testosterone than for estradiol [17]. The response of Leydig cells to hCG
administration is blunted [15]. Disturbances in the gonadal steroid
equilibrium with the estrogen increase and decreased free testosterone/free



estradiol ratio [17] might be the cause of gynecomastia, which can develop in
the course of thyreotoxicosis. In an extensive study of men with Grave’s
disease [17] more pronounced co-pulsatility of LH and FSH was observed
than in the controls (Table 5.1). In the same study, results of GnRH
stimulation testing were preserved showing adequate gonadotropin reserve
capacity of the pituitary, which suggests intact function of the hypothalamic—
pituitary unit and even more coordinate secretion of hypophyseal hormones
[17]. The gonadal insufficiency is due to the increased need for sex steroids
to compensate for elevated SHBG levels, thus presenting a relative endocrine
testicular insufficiency, which may explain the infertility in longstanding
hyperthyroidism [17]. Asthenozoospermia can be revealed in men with
untreated Grave’s disease [17]. In a prospective study of 23 hyperthyroid
males the semen volume was unchanged, sperm density, sperm motility and
morphology were lower in comparison to the healthy men; after treatment of
thyrotoxicosis motility normalized but not morphology [18].

Patients with thyroid abnormalities report decreased libido, erectile
dysfunction, and ejaculatio praecox or delayed ejaculation [14, 15, 17].

Radioactive iodine (I'31) is widely employed in the treatment of
hyperthyroidism and thyroid cancer [14]. The radiation leads to transient
suppression of spermatogenesis along with temporarily elevations of FSH
serum levels and inhibin B suppression [14, 15].

All these data suggests that screening for thyroid abnormalities in males
with disorders of spermatogenesis and/or hypoactive sexual desire and
erectile dysfunction is justified.

Obesity and Metabolic Syndrome

Both abnormally low and high body mass index (BMI) are associated with
disturbances in spermatogenesis.

Obesity has increased worldwide over the last decades. Overweight and
obese couples are at a higher risk of being infertile [19]. The metabolic
syndrome (MTS) represents the clustering of abdominal (visceral) obesity,
insulin resistance, dyslipidemia, and elevated blood pressure and is associated
with other comorbidities among which are reproductive disorders [20]. MTS
is increasing to a worldwide epidemic affecting developed as well as
developing countries. Men with MTS appear to have a greater prevalence of
hypogonadism; on the other hand androgen insufficiency seems to be a risk



factor for the development of MTS and type 2 diabetes mellitus [20]. In a
large meta-analysis it was found that men with low concentrations of total
testosterone, SHBG, and free testosterone were more likely to have MTS
compared to those having high sex hormone levels [21]. It is not clear which
components of MTS cause the hypogonadism. As hypogonadotropic
hypogonadism is rare in patients with diabetes mellitus type 1, impairment of
the gonadal axis in those with diabetes mellitus type 2 probably is not
mediated only by hyperglycemia [22]. Large prevalence of hypogonadotropic
hypogonadism was recently proved in males with moderate to severe obesity
[23]. According to Brand et al. [21], total testosterone was most strongly
associated with hypertriglyceridemia and abdominal obesity. Total
testosterone, SHBG, and free testosterone fraction in obese men are lower in
comparison to lean men. Peripheral conversion of testosterone to estrogen in
increased peripheral adipose tissue may lead to elevated circulating estrogen
levels, which via negative feedback decrease the gonadotropin secretion thus
causing hypogonadotropic hypogonadism [24, 25]. Excessive adipose tissues
have elevated aromatase activity and adipokines production. The relationship
between adipose tissue and estradiol might be modulated by the aromatase
polymorphism [19]. In obesity there is an increase of leptin, the obese gene
product secreted from adipocytes. Its receptors are present in testicular tissues
[25]; therefore, excessive leptin may be another factor for reducing androgens
in obese men. The kisspeptin system being superior to GnRH neurons in the
hierarchy of the neuroendocrine regulation triggers the GnRH secretion.
Functional leptin receptors are not expressed in GnRH neurons, but
kisspeptin neurons have leptin receptors [22], and this may be the site of
central inhibiting action of excessive obesity. There is inverse relationship
between serum total testosterone, free testosterone, and SHBG with visceral
fat [25]. Viscerally accumulated fat can serve as a major endocrine disrupter
[19]. It is associated with elevated concentrations of insulin and glucose.
Increased insulin reduces the SHBG levels. Our study has found that in
young males with MTS total testosterone was significantly lower compared
with nonobese age-matched subjects and negatively correlated with insulin
level, insulin resistance, and BMI [26]. Insulin resistance and maybe also
hyperglycemia appear to influence negatively the GnRH pulse generator [22].
Hypotestosteronemia in obesity and MTS seems to be due to several factors,
among them the decreased testosterone production, the suppressed
gonadotropin secretion, and inhibition of SHBG synthesis [24]. The cause-



and-effect relationship between obesity, insulin resistance, and type 2
diabetes mellitus on one side and androgen deficiency on the other remains
unclear. Stronger associations of sex hormones with prevalent than incident
MTS found in the already mentioned large meta-analysis by Brand et al.
suggest that low testosterone and SHBG are merely a result rather than cause
of MTS [21]. Weight loss has been associated with an increase in testosterone
and SHBG levels in obese men with MTS. Polymorphisms in the SHBG gene
have been associated with risk of type 2 diabetes mellitus [21], which puts
forward the possibility that this career protein may be a causative factor for
MTS. In addition a great body of evidence has accumulated in the last years
that testosterone replacement therapy in hypogonadal men reduces visceral
fat and increases lean body mass, as well as is associated with reduction of
blood glucose. All these data suggest the bidirectional relationships between
reproductive system and MTS [21].

Obesity as well as MTS is associated with disturbances in
spermatogenesis: decreased sperm concentration and motility and increased
sperm DNA damage [24]. Moreover, we have found decreased levels of anti-
Miillerian hormone and inhibin B in patients with MTS, which suggests
impairment of the Sertoli cells function [27]. They can be a result of altered
testosterone secretion and elevated estrogen levels due to overweight and
obesity, but alterations in reproductive hormones might not fully explain the
poor semen quality in obesity [19]. Leptin receptors are present on the sperm
membrane [19], so in obesity and MTS increased leptin may contribute to
infertility. Another important factor for sperm disturbances could be the
oxidative stress due to the inflammatory adipokines and dyslipidemia [19,
24]. Toxins from the closest environment (excessive scrotal skin) may have a
pathogenic role for the spermatogenesis [19]. Suprapubic and thigh fat are
factors for the increase of scrotal temperature in severely obese men [24].

Evaluation of an Infertile Man from an

Endocrinological Point of View

In any infertility couple, regardless of the suspected cause, the male factor
should be evaluated simultaneous to the female partner. Similar to any other
medical condition, work-up starts with a detailed history. Attention should be
paid to cryptorchidism and/or testicular torsion, pubertal development, scrotal
trauma, and/or radiation or surgeries in this region, as well as past or current



use of tobacco, anabolic steroids, and alcohol consumption [28]. Physical
examination includes body height and weight, body proportions, hair
distribution, testicular size (evaluated with orchidometer or by ultrasound),
and presence of gynecomastia or varicocele.

When the patient is able to ejaculate, semen quality should be determined
in accordance with World Health Organization (WHO) guidelines and
standards [29].

An endocrine evaluation is mostly indicated for men with sperm density
below 10 million/ml, impaired sexual function, and other clinical findings
indicating specific hormonal disorder [28]. Because of the circadian
variations in secretion, serum samples for hormone levels should be obtained
in the morning between 8 a.m. and 11 a.m. In healthy men of reproductive
age, serum levels of testosterone are above 12 nmol/l. Hypogonadism is
marked by testosterone serum levels below 8 nmol/l, while the values
between 8 and 12 nmol/I require further evaluation [2]. Liquid
chromatography—tandem mass spectrometry—is the strongly recommended
method for testosterone determination but the conventional methods are still
in use in the routine practice [1, 2]. About 2% of total testosterone in
circulation is not bound. This is the free, biologically active fraction of
testosterone. For estimation of the free testosterone the gold standard is the
equilibrium dialysis [25], which is a complicated method not routinely used
at present. Morning salivary testosterone correlates well with free
testosterone [25]. Free testosterone level can also be derived from measuring
total testosterone and SHBG [30]. This is particularly important when
alterations in SHBG are expected and thus making the diagnostic values of
the serum total testosterone concentration questionable as in obese patients or
those with nephrotic syndrome, hyperthyroidism or hypothyroidism, chronic
liver disease, on therapy with steroids, or in older men [1, 31].

Low testosterone and elevated FSH and LH serum levels suggest a
testicular origin of male hypogonadism (primary testicular failure), whereas
patients with intact Leydig cell function and isolated spermatogenic failure
have normal testosterone and LH, but elevated FSH values. In men with FSH
levels in the upper normal range, there may be impaired spermatogenesis as
well [28]. Low testosterone and low or inappropriately normal LH and FSH
(hypogonadotropic hypogonadism) are typical for hypothalamic or/and
pituitary causes of hypogonadism (secondary or hypogonadotropic
hypogonadism). In these situations prolactin, TSH, and free thyroxine levels



should be measured. Brain imaging is always indicated in hypogonadotropic
hypogonadism to exclude or reveal a process in the hypothalamic—pituitary
region.

Normal prolactin levels in men are usually less than 500 mIU/L.
However, due to high assay variability, testing should be repeated if levels
are elevated. However, false-positive results (10-22% of all
hyperprolactinaemia) are due to high molecular forms (macroprolactinaemia),
a biologically inactive complex of prolactin with immunoglobulin G [2, 10].
Screening for macroprolactinaemia either by chromatography or by
precipitation with polyethylene glycol is indicated in cases with negative
history of drug consumption, normal testosterone levels, and intact sexual
function [10].

The gonadotropin-releasing hormone (GnRH) is a useful method for
evaluation of the pituitary gonadotropin reserves. It is indicated when basal
LH and FSH levels are close to lower normal range. In healthy men LH
increases to 3-5 times the basal concentration at 15-30 min after intravenous
application of 100 p(mu)g GnRH [2]. Failure of SHBG to decrease after
testosterone administration confirms the androgen insensitivity. The test with
hCG can be used to evaluate the Leydig cell capacity of androgen production.
In men who are found to have azoospermia but normal testosterone, LLH, and
FSH levels and normal testes volume, obstructive disorders should be ruled
out by measuring seminal levels of neutral alfa-glucosidase. The latter
originates in the epididymis [29] and its low seminal levels in men with
normal testicular volume and normal FSH are indicative for obstructive
azoospermia (bilateral obstruction of the epididymis and/or vas deferens or
congenital aplasia of the vasa deferentia). In these situations genetic
screening for cystic fibrosis gene mutations is justified.

Inhibin B is a heterodimeric glycoprotein produced by the Sertoli cells
[32]. Its serum levels have been found to correlate better with sperm
parameters than FSH and thus may serve as a better marker of
spermatogenesis [33]. It is very useful for the prognosis in cases with FSH
levels in the upper normal range [33]. Inhibin B levels can also be useful for
monitoring the effects of gonadotropin therapy.

Recently, growing attention is granted to the anti-Miillerian hormone
(AMH), which is produced by Sertoli cells [34], and therefore reflects their
status and interplay with other testicular compartments. Its specific role
during puberty and reproductive years for AMH in males remains to be



established. The AMH serum levels are extremely high in congenital and
untreated hypogonadotropic hypogonadism due to low testosterone secretion.
AMH is also elevated in cases with cryptorchidism [2]. Todays, it is still not
clear whether AMH might be a useful additional contributor to more precise
diagnosis and prognosis of male infertility. However, in men with a history or
presence of maldescended testes AMH can serve as a marker of Sertoli cell
number and function [34]. A recent prospective study proposed that seminal
AMH can help to select those patients who may benefit from therapy with
recombinant FSH [35].

In cases with azoospermia or severe oligozoospermia, normal
testosterone, and LH levels, but elevated FSH, primary spermatogenic failure
should be considered. These patients require testicular ultrasound assessment,
karyotyping, and screening for Y-chromosome microdeletions.

Androgen receptor studies are reserved for cases suspected for
testosterone insensitivity.

Therapy

While the lifestyle intervention with overweight loss is of obvious benefit for
the general health, including the increase of testosterone levels, the effect of
weight normalization for the improvement of spermatogenesis is not clear.
Recently, it was shown that correction of hypogonadism after metabolic
surgery is accompanied by a decrease of glucose levels as well as reduction
of insulin resistance [23]. For the successive treatment of infertility in
patients with metabolic syndrome and type 2 diabetes, the obligate
prerequisites are normalization of the weight and stable blood glucose levels
within the reference range. Only then the specific therapeutic approach can be
introduced.

Treatment of Male Hypogonadism

Exogenous testosterone reduces the testosterone production in the gonads by
the negative feedback on the hypothalamic—pituitary unit. Therefore, in cases
with hypogonadotropic hypogonadism when the fertility is aimed,
testosterone treatment is not indicated. Instead human chorionic gonadotropin
(hCG) should be introduced; it corresponds to LH activity [2]. The
recommended doses vary between 1500 and 5000 IU administrated



intramuscularly (im) or subcutaneously (sc) twice weekly [8]. In patients with
secondary (hypogonadotropic) hypogonadism hCG should be combined with
FSH treatment 150 IU 3 times weekly or 225 IU twice weekly im or sc to
induce spermatogenesis [2, 8, 36]. It can be used with either recombinant
FSH (Gonal F, Puregon) or human menopausal gonadotropin (hMG).
Recombinant and urinary FSH seem to be equally effective and safe, but the
former does not lead to formation of detectable antibodies [37]. The patients
are treated to the sperm appearance in the ejaculate or to the occurrence of
pregnancy [2]. Due to the physiologically long-lasting human
spermatogenesis the treatment in men should continue 6-9 and more months,
2 or more years. Once a treatment cycle has been completed, time to re-
induction of fertility is reduced to 6-10 months when repeating this treatment
later [38]. History of cryptorchidism or presence of small testes is not a
reason not to induce such therapy [2], but they seem to be negative predictors
of therapeutic outcomes [38]. In a retrospective analysis on patients with
different forms of hypogonadotropic hypogonadism, treated with
gonadotropins between 1998 and 2015, it was shown that those with an early
impairment of the gonadal axis during fetal life had the poorest therapeutic
outcomes, whereas men with unaffected development until early puberty
achieved better results, so that the underlying cause of hypogonadotropic
hypogonadism is a predictor of outcome of gonadotropin replacement in
adults [38]. Surprisingly, there are many reports for successive pregnancies
with low sperm concentration under this therapeutic stimulation [2, 38].

A meta-analysis from Italy confirmed that gonadotropin therapy, even
with urinary products, was able to induce and restore spermatogenesis in
hypogonadotropic subjects and showed that previous use of testosterone as
replacement did not affect the results obtained with gonadotropin therapy
[39].

When the pituitary is intact and the hypogonadotropic hypogonadism is
caused by GnRH deficiency, the spermatogenesis can be stimulated also with
GnRH. It can be effective only if applied in a pulsatile manner using a
portable minipump with a fine needle inserted subcutaneously on the
abdomen. A starting dose of 4 p(mu)g per pulse should be increased if there
is not a rise of LH to the maximum dose of 20 p(mu)g per pulse [40]. The
duration is the same as with the gonadotropin therapy [41]. In such patients
this therapy most closely resembles physiological regulation. However, this
treatment does not show significant superiority to the gonadotropin



replacement therapy. Both gonadotropin and GnRH therapy are effective for
the induction of spermatogenesis in hypogonadotropic hypogonadal men
[41]. GnRH is ineffective in patients with pituitary insufficiency and also in
rare cases of GnRH receptor mutations that cause resistance to GnRH [40].

Fertility can be restored in hypogonadotropic hypogonadal patients with
gonadotropin or with GnRH therapy and the pregnancy rates vary between 50
and 90% [40]. Once the spermatogenesis is initiated in men with
hypogonadotropic hypogonadism, it can be maintained with hCG alone [42].

Not all patients are able or willing to wear the infusion minipump a long
time as it is required [40]. On the contrary, patients learn to self-administer
gonadotropin preparation subcutaneously. This treatment is preferable over
the GnRH therapy because of an easier and technically not so complicated
route of administration. Therefore, today the gonadotropin replacement is the
first-line therapy for inducing spermatogenesis in patients with
hypogonadotropic hypogonadism [43]. It is a well-tolerated and effective
mode of treatment.

Treatment for infertility of patients with Klinefelter syndrome has
improved dramatically in the last years. Some seminiferous tubules may have
preserved sperm that can be obtained by biopsy and introduced directly into
the ova; however, the risk of aneuploidy in these offsprings is increased [9].

Hormonal Treatment of Idiopathic Infertility

Recombinant FSH alone is used in normogonadotropic subjects with isolated
idiopathic oligozoospermia [44, 45]. In one study, positive results were
achieved with high doses of recombinant human FSH: 300 IU every other
day for a period of 4 months or longer [46].

At present the core of hormonal empiric treatment is the alteration of
estrogen production or action. The aim is to weaken the estrogen negative
feedback on the hypothalamic—pituitary unit. As a result Leydig cells increase
the secretion of testosterone, while FSH via Sertoli cells augments the
spermatozoa production.

Estrogen receptor blockers (antiestrogens, estrogen antagonists)
clomiphene citrate and tamoxifen are widely used as empiric treatment for
male idiopathic infertility [47]. Additional argument for their use is that they
may counteract the adverse effects of environmental xenoestrogens [43].
However, the reports on the role of estrogen antagonists in males are
controversial. The daily dose of clomiphene citrate is 25 or 50 mg, and that of



tamoxifen is usually 20—30 mg. The positive effect on sperm count seems to
be modest. Reported adverse events are rare and include headache, skin rush,
dizziness, and visual disturbances. A meta-analysis of randomized controlled
trials concluded that these medications may improve sperm concentration and
motility and thus the spontaneous pregnancy rate [47].

Estrogen antagonists are also used in different combinations for treatment
of idiopathic infertility. Encouraging results on sperm concentration and
motility were noted with clomiphene citrate (25 mg daily) and vitamin E
(400 mg/day) as an antioxidant for 6 months in men with idiopathic
oligoasthenozoospermia [48]. A large study demonstrated beneficial effects
on sperm parameters and spontaneous pregnancy rate by combining
tamoxifen with testosterone undecanoate for 6 months [49].

It was attempted to improve the male fertility by influencing the estrogens
but in quite a different way. Aromatase inhibitors prevent the conversion of
testosterone into estradiol [50]. There are two types of aromatase inhibitors:
steroidal (testolactone) and nonsteroidal (anastrozole and letrozole) [43]. A
placebo controlled study showed no improvement in semen quality when
testolactone was used; however, in a single case with azoospermia
spermatogenesis was induced with 2.5 mg letrozole orally daily for 4 months
[50]. Aromatase inhibitors are suitable for infertile men with extreme obesity
because in these cases absolute or relative hyperestrogenemia is present but
this treatment is associated with increased risk of developing osteoporosis
[43].

Treatment of Hyperprolactinemia and Thyroid

Disorders

When possible, use of the drug suspected to cause hyperprolactinemia should
be stopped. Oral dopamine agonists are the first-line medication for
prolactinomas [51] as well as for nontumorous hyperprolactinemia.
Historically, bromocriptine (2.5-10.0 mg daily) was the fist effective medical
therapy. Cabergoline in dosage of 0.25-3.0 mg weekly is better tolerated than
bromocriptine [51]. Both normalize prolactin levels, shrink the
prolactinomas, and restore reproductive function. However, there are some
concerns of heart valvular abnormalities with higher doses of these
medications. Because of its high affinity for serotonin receptor 2B (HTR2B)
located on the heart valves, cabergoline may lead through activation of these



receptors to fibromyoblast proliferation [51, 52]. Individual susceptibility
may play a role since there are polymorphisms of the serotonin receptor [52].

Trans-sphenoidal surgery is indicated when the tumor does not respond to
the dopamine agonists, in cases of intensive growth of the adenoma with
compression of the optic chiasm, as well as in pituitary apoplexy [12].
Radiation therapy is occasionally used in cases when surgery and dopamine
agonist treatment fail to restore normal prolactin secretion [51].

The abnormalities in the hypothalamic—pituitary—testicular axis both in
hyperthyroidism and hypothyroidism revert with the normalization of thyroid
hormone levels and restoration of the euthyroid status, so no specific
treatment for the reproductive disorders is required [15, 53].

Conclusion

With a better understanding of the fine mechanisms of hormonal
interrelationships and with introducing modern diagnostic methods, the
uncertain empiric approach will undoubtedly retreat to make room for the
successful treatment of male infertility.
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Introduction

Male factors are estimated to be responsible for up to 50% of couple
infertility, with 8-35% of these being due to an underlying genital tract
infection [1]. Genital tract infections may present acutely, be part of a chronic
disease, or manifest subclinically. Organisms may cause infertility by:

e suppression of the hypothalamic—pituitary—gonadal axis

e impairment of spermatogenesis
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e obstruction of the genital tract
e inhibition of accessory gland function

¢ raising the inflammatory response resulting in free radical injury to the
sperm

In addition, generalized febrile illness may also be implicated in causing
temporary subfertility. The diagnosis of infection requires a thorough history,
clinical examination, semen analysis and semen culture, urethral swabs, or
urine culture.

Sites of Infection
Urethritis

Urethritis is most commonly due to sexually transmitted infections (STIs)
and may be divided into 2 main groups:

e Gonococcal (Neisseria gonorrheae)

e Non-gonococcal (C. trachomatis, Mycoplasma, Trichomonas vaginalis)
[2, 3]

Chlamydia is a major cause of urethritis, being responsible for an
estimated 30% of all cases of urethritis [4]. Urethritis may present with
dysuria, urethral discharge, erythema of the glans or external urethral meatus,
or it may remain asymptomatic [2—4]. The diagnosis is based on gram
staining of a urethral smear (>4 leukocytes per microscopic field x1000) and
the presence of leukocytes in the first part of a voided urine specimen
(>15 leukocytes per microscopic field x400) [2, 3]. Once diagnosed the
treatment requires a single dose of ceftriaxone and either a 1-week course of
doxycycline or a single dose of azithromycin [2, 3]. All men with suspected
STI should be advised to attend an appropriate clinic for both contact tracing
and screening for other STIs [5]. Urethritis has not been conclusively proven
to be associated with male infertility [5].

Epididymitis
Epididymitis is one of the commonest causes of an acute scrotum with an
incidence of 2565 cases per 10,000 adult males per year [2, 5]. It may



present acutely, chronically, or recurrently, with some men having had an
exposure several months prior to the development of symptoms [2, 3, 5].
Chronic epididymitis may occur in up to 15% of men [3]. The responsible
organisms depend on the patient’s age, previous urinary tract instrumentation,
or anatomical abnormalities, which may increase their risk of a urinary tract
infection [2, 3]. Men who are younger than 35 years are more likely to be
infected with STIs, with chlamydia and gonorrhea being the most frequent [2,
3, 5, 6]. Chlamydia is 2-3 times more common than gonorrhea [2]. However,
older men are more likely to be infected by the common urinary tract
organisms such as Escherichia coli (E. coli) or Pseudomonas [2, 3, 6]. Other
organisms that may cause orchitis include mumps virus if there are prodromal
symptoms and tuberculosis (TB) in men with immunodeficiency or if they
are from high-prevalence countries [5]. These organisms can travel
retrogradely from the urethra and into the ejaculatory ducts and vas to
eventually infect the epididymis or testicles [6].

Epididymitis may present with systemic features in 30—50% of cases,
scrotal pain, and scrotal swelling [2, 3]. The diagnosis is obvious on
ultrasonography with the classic features of an enlarged and hypoechoic
epididymis and hypervascular testicular parenchyma [3]. Semen or urine
cultures or urethral swab may identify the causative organism [5]. The
treatment will depend on the underlying organism (see Table 6.1) [5].

Table 6.1 Treatment of epididymitis or orchitis

Low risk of gonorrhea Flouroginolone active against chlamydia once daily for 10-14 days
OR
Doxycycline AND antibiotic against enterobacteriaceae for 10—
14 days

Likely gonorrhea Single dose ceftriaxone intramuscularly AND doxycycline for 10—
14 days

Non-sexually transmitted Fluroquinolone for 10-14 days

infection

Acute epididymitis may be associated with a transient reduction in the
sperm concentration and forward motility, which may normalize following a
course of treatment with antimicrobials [2, 5]. Following epididymitis, the
resultant scarring can cause epididymal obstruction, which is the most
frequent cause of obstructive azoospermia affecting 30—67% with
azoospermia [3, 5, 6].



Orchitis

This is another common cause of the acute scrotum, which usually coexists
with epididymitis. The causative agents may be subdivided into viral and
bacterial [2].

Viral orchitis usually arises from hematogenous spread and may be
caused by paramyxovirus (the virus that results in mumps), coxsackie,
varicella, lymphocytic choriomeningitis, and Marburg virus [2, 3].

Mumps orchitis is rare in prepubertal boys but may occur in 15-30% of
pubertal or post-pubertal men [2, 3, 7]. Both testes are involved in
approximately a third of all cases and orchitis follows a period of parotitis in
most cases [2, 3]. Mumps orchitis may be associated with infertility in 25%
of bilateral cases and testicular atrophy is a sequelae in 30-50% of affected
testicles [2, 7]. The virus may be isolated from saliva, urine, blood,
nasopharyngeal swabs, and seminal fluid within 1 week of the onset of
symptoms [7]. The treatment is mainly supportive with scrotal elevation and
cooling, anti-inflammatory, and antipyretic agents [3, 7].

Bacterial orchitis may be caused by spread of bacteria from the
epididymis [2]. Common pathogens include gonorrhea, chlamydia, gram-
negative bacilli (E. coli, Klebsiella pneumoniae [K. pneumoniae],
Pseudomonas) and gram-positive cocci [2]. Organisms such as syphilis,
tuberculosis, and leprosy should also be considered in populations from high-
risk countries as they are now unusual in industrialized countries [2]. The
treatment is the same as for epididymitis [2, 3].

Orchitis may present with testicular swelling, pain, fever, and an acute
hydrocele [2]. Acute infections may be associated with a transient reduction
in semen parameters, which often recover after resolution of the infection [3].
In addition orchitis may affect fertility by the direct effect of the organism as
well as a pressure-induced necrosis of the seminiferous tubules due to
parenchymal edema within the testicle [3, 4, 6, 7].

Prostatitis

Prostatitis is classified according to the National Institutes of Health (NIH)
into types I-IV (see Table 6.2) [2, 3, 5]. Common pathogens include: E. coli,
Klebsiella, Proteus, Pseudomonas, and Enterococcus sp.; E. coli is the most
common organism isolated in bacterial prostatitis [2, 3].



Table 6.2 National Institutes of Health (NIH) classification of prostatitis

Typel Acute bacterial
* Leukocytes and uropathogens in MSU

Type I | Chronic bacterial
* Leukocytes and uro-organisms in EPS or urine after prostate massage
* Chronic/recurrent infections

Type IIA | Chronic abacterial
* Leukocytes in EPS, urine after prostate massage or semen

Type I1IB | No leukocytes or organisms

Type IV | Asymptomatic inflammatory
* Leukocytes in EPS, urine after prostate massage or in semen

MSU Midstream urine
EPS Expressed prostatic secretion

Acute prostatitis may present with fever, dysuria, and rectal and perineal
pain [3]. The diagnosis may be suspected in men with positive urine cultures
or the development of a prostatic abscess on transrectal ultrasonography
(TRUS) [3]. A leukocyte count of greater than 10—15 per high powered field
(HPF) (x1000) in expressed prostatic secretion (EPS) or >3 leukocytes per
HPF in urine after prostatic massage is considered a significant finding [3].
Chronic prostatitis is more difficult to diagnose but may be suspected if the
number of organisms in the urine is 10 times higher after prostatic massage
compared with the count prior [3].

The treatment of prostatitis is usually with extended periods of
antibiotics; up to 6-12 months in some men [2]. Acute prostatitis should be
treated with at least 4 weeks of broad spectrum penicillin, third-generation
cephalosporins, or fluoroquinolones with aminoglycosidase [3]. Chronic
prostatitis may be treated with at least 4-6 weeks of fluoroquinolones; this
may need to be extended if the patient remains symptomatic [3].

Inflammation of the seminal vesicles (vesiculitis) often occurs together
with prostatitis (prostatovesiculitis) [3]. The symptoms are similar to
prostatitis but may be suspected if the seminal gland and prostate have a
pasty consistency on digital rectal examination [3].

Prostatitis and prostatovesiculitis may both result in obstruction of the
ejaculatory ducts, increased reactive oxygen species (ROS), and increased
sperm DNA fragmentation [3, 6, 8, 9]. A semen sample with a low volume,
azoospermia, negative fructose, and acidic pH is diagnostic for ejaculatory



duct obstruction (EDO) [3, 5, 6, 9]. Chronic bacterial prostatitis (CBP) is
associated with a significant reduction in sperm vitality and motility [8, 9]. It
has been suggested that spermatozoa damage is mediated via the influx of
inflammatory markers such as leukocytes, cytokines, oxidative stress, and
reactive oxygen species [8, 9]. Antibiotic treatment may have a temporary
negative effect on spermatogenesis and sperm function [3].

Types of Organisms

Neisseria Gonorrhea

Neisseria gonorrhea is a gram-negative intracellular diplococcus, which is a
common cause of urethritis [2]. Most infected men will be symptomatic, with
only 10% of those infected being asymptomatic [2]. Ascending infection of
the genital urinary tract is rare with the exception of the urethra. However,
infection of the epididymis or testis may result in testis damage, epididymal
obstruction, and significantly raised seminal leukocytes [2].

Chlamydia trachomatis

Chlamydia trachomatis (Ct) is the most common STT in industrialized
countries with an estimated incidence of 92 million worldwide in 1999 [2,
10]. A systematic review in the UK reported a prevalence of 11% in men
[11]. It is estimated that up to 50% of men infected may be asymptomatic,
with only 5% of those diagnosed treated compared to 25% in women [2, 12,
13]. The result of these figures is that the infection is allowed to persist in the
general population, enabling further spread and disease [3, 4]. In addition a
recent study has suggested that early diagnosis and treatment may be
associated with higher reinfection rates; the authors further add that the only
viable option for long-term eradication is the development of a vaccine [14].

C. trachomatis (Ct) is associated with significant genital pathology and
may be a cause of urethritis, epididymitis, orchitis, and prostatitis [2, 4].
There remains controversy as to whether Ct causes prostatitis [2, 4]. Semen
may be contaminated by passage through the urethra infected with Ct [4].
However, several studies have now detected Ct in up to 30% of prostate
biopsies where there was no urethral infection [15—18].

The role of Ct in infertility is also controversial. C. trachomatis attaches
to sperm in vitro resulting in an increase in ROS and caspase-mediated



apoptosis [4]. This interaction may result in a reduction in sperm motility and
sperm density [2, 4]. This has been supported by a large number of studies,
which have revealed that Ct is associated with a reduction in:

¢ normal sperm morphology,
e semen volume,

e sperm density, and

e motility [2, 19-26].

C. trachomatis has also been shown to be associated with an increase in
DNA fragmentation, the production of anti-sperm antibodies (ASA),
reduction in a(alpha)-glucosidase, and an increase in leukocytes [2, 3, 26,
27]. a(alpha)-glucosidase is a marker of epididymal function. In addition,
coinfection with Mycoplasma resulted in a 3.2-fold greater incidence of DNA
fragmentation in a study by Gallegos et al. [28]. A different study of men
with at least 6 months of chronic prostatitis-related symptoms and coinfection
with human papillomavirus (HPV) resulted in a significant reduction in
motility, normal morphology, and an increase in proportion with subfertility
[27]. Other studies have found none of the alterations described [4, 29-35].
However, this may have been due to diagnostic difficulties with Ct [2].

Mycoplasma

Genital ureaplasma (U. urealyticulum and U. parvum) and genital
mycoplasma (M. genitalalium and M. hominis) are natural inhabitants of the
male urethra [36]. They may contaminate semen during ejaculation.
However, only U. urealyticulum (UU) and M. hominis are pathogenic in
humans [2, 36].

U. urealyticulum is a significant cause of urethritis. Its presence in semen
was first described by Gnarpe and Friberg when they demonstrated a higher
prevalence in the semen of infertile men (76%) compared with fertile men
(19%) [37, 38]. U. urealyticulum attaches to the head and mid-piece of
spermatozoa, reducing motility and increasing ROS and DNA damage [2,
39]. Overall, studies have also demonstrated that UU is associated with
semen with increased viscosity and lower pH [39]. Treatment of UU has, in
some studies, resulted in improved motility and pregnancy rates; however,
this finding has not been uniform [40-42].



Herpes Virus Family

The herpes group of viruses consist of:
e Herpes Simplex virus (HSV)
e Cytomegalovirus (CMV)
e Epstein—Barr virus (EBV)
e Varicella zoster virus (VZV)
e Human herpes virus (HHV) [2]

In a study by Bezold et al. [26], which reviewed the prevalence of STIs in
asymptomatic infertile males, herpes simplex viruses were the most frequent
with CMV most common. All the STIs studied were associated with a
significant reduction in motility and total sperm count; there was a
nonsignificant trend toward a reduction in sperm density [2, 26, 43]. HSV
was the only STI associated with a significant reduction in density, citrate,
and a(alpha)-glucosidase [2, 26, 43]. Citrate is a marker of prostate function.
This suggests that HSV may also have an adverse effect on prostate and
epididymal function [26]. HSV is also implicated in raised levels of ROS and
leukocytospermia [2, 43].

Human Papillomavirus

HPV has a well-established role in the development of genital disease in both
sexes [2]. In a study of 104 men attending an infertility clinic, 41% had
seminal HPV [44]. In another study of 185 men with azoospermia
undergoing testis biopsy, 6.5% had HPV isolated compared with 0% of
normal controls [45]. However, each of the patients had other possible causes
for their infertility [45]. This would suggest a possible role for HPV in the
etiology of infertility. A systematic review, including 9 studies evaluating the
effects of HPV on semen analysis, demonstrated a reduction in motility (8
studies) and sperm count (9 studies) [2, 46, 47]. The effects on morphology
are a more mixed picture [2, 46, 47].

Human Immunodeficiency Virus

Human immunodeficiency virus (HIV) is a cause of significant morbidity
worldwide. Early infection is not usually associated with semen



abnormalities; however, progression to acquired immunodeficiency
syndrome (AIDS) is associated with impaired sperm density, morphology,
motility, and semen viscosity [2]. There is also an increased level of
leukocytospermia [2, 43]. HIV is also associated with symptomatic androgen
deficiency [2]. The prevalence increases with progression to AIDS and with
the clinical status of the disease [3]. The advent of highly active
antiretrovirals (HAART) has reduced the prevalence dramatically [3].
However, it is unclear if these effects on fertility are due to the virus or to the
use of antiretrovirals [2, 3].

Mumps

Mumps is a contagious RNA virus belonging to the Paramyxoviridae family
[7]. Prior to the introduction of a vaccine in the 1960s, it commonly affected
children between the ages of 5-7 years with a global prevalence of 290 cases
per year per 100,000 population between 1977 and 1985 [7]. Following the
introduction of the vaccine, the incidence fell by a reported 99% in the USA
[7]. Unfortunately, there has been a recent resurgence in the virus, which
started in 2004 due to sustained negative media coverage about the vaccine
[7]. This resulted in a reduction in vaccine uptake from 91 to 55% in some
urban areas of the UK. This resurgence in the virus has mainly affected
adolescents and young adults aged 15-25 years [7].

The effect on male fertility is not completely clear. There is direct
infection of the seminiferous tubules with resultant infiltration of
inflammatory markers and necrosis of the tubules [3, 7]. This may lead to
fibrosis and testicular atrophy [3, 7]. Direct testicular damage may also result
in a reduction in serum testosterone and an increase in gonadotrophins [3, 7].
However, there is conflicting evidence about the effect on testosterone and
gonadotrophins [7]. Abnormal spermatogenesis has been reported in up to
50% for up to 3 months post-recovery [7]. Abnormal sperm count, motility,
and morphology have also been reported [7].

Subfertility is reported in 13% and may occur without testis atrophy [7].
Infertility is rare [7].

Other Organisms

See Table 6.3 for other organisms that cause infections [2, 3].



Table 6.3 Other organisms [2, 3]

Trichomonas vaginalis| ¢ Sexually transmitted infection

* Causes a minority of non-gonococcal urethritis
* Reduced motility and morphology

* Treatment: metronidazole

Lepromatous leprosy |¢ Testis atrophy
* Hypogonadotrophic hypogonadism

Tuberculosis * Epididymitis
* Hypogonadotrophic hypogonadism
Treatment: triple therapy

Markers of Inflammation

Leukocytospermia

The testes are immunologically sequestered organs [2]. This is achieved
through Sertoli cells’ tight linkage, which creates a blood—testis barrier [2].
Several authors have described the constituents of the normal genitourinary
tract. The epithelial lining of the prostate, seminal vesicles, and epididymis
contain mainly lymphocytes; however, the testes do not contain any
lymphocytes [2]. An abnormal concentration of leukocytes

(>1 x 105 WBCs/mL of semen) in the semen (leukocytospermia) may
indicate a pathological process contributing to infertility (Table 6.4) [2]. The
most common leukocytes found in semen are granulocyes [2].

Table 6.4 Detection of leukocytospermia [2]

Histology/morphology * Round cell counts
* Bryan-Leishman stain
* Peroxidase/Endtz test

Immunological techniques |+ Immunohistology (gold standard)
* Flow cytometry

Products of inflammation |+ Elastase

— <250 ng/mL: no inflammation
—250-1000 ng/mL: intermediate range
—>1000 ng/mL: genital tract inflammation

Products of inflammation |+ Chemiluminescence

Several studies have found that infertile men have a raised incidence of
leukocytopspermia compared with their fertile counterparts [48—58]. In



addition, leukocytospermia is associated with a significant reduction in sperm
total numbers, motility, normal forms, and seminal fructose [26, 48-58].
Fructose is a marker of seminal vesicle function. These findings have not
been replicated in all studies [59]. Leukocytospermia has also been
implicated in a reduction in sperm penetration assays and pregnancy
outcomes [60, 61].

Oxidative Stress and Reactive Oxygen Species

Oxidative stress is a pathophysiological process mediated by oxygen and
oxygen derivatives called reactive oxygen species (ROS) [2]. ROS are part of
normal cellular responses to destroy toxins such as infectious agents [43].
The human body has several strategies for protecting itself from damage that
may be induced by ROS [43]. ROS injury occurs when these strategies are
overwhelmed [43]. ROS-mediated sperm injury may be implicated in 30—
80% of cases of idiopathic infertility [2, 3, 6, 43, 62]. Elevated ROS levels
have been demonstrated in the semen of 25-40% of infertile men [63, 64];
this rises to 90% in men with spinal cord injury (SCI) [65, 66].

There are 2 main sources of ROS generation within the semen:

e Spermatozoa
e Seminal leukocytes [2, 6, 43, 62].

Oxidative stress causes lipid peroxidation of the sperm membrane with a
resultant abnormality of membrane composition, sperm motility,
leukocytospermia, DNA fragmentation, and fertilization ability (Table 6.5)
[2, 6, 43, 62]. Sperm, especially immature sperm, are highly vulnerable to
oxidative injury as well as producing more ROS [2, 6, 43, 62]. Sperm are
most vulnerable during transit through the epididymis where they must rely
on their own intrinsic antioxidant capacity and that of the epididymis and
testis, as they are not in contact with the seminal plasma antioxidants [43].
Seminal plasma has endogenous protective enzymes and antioxidants, which
are deficient in infertile men [2, 43].

Table 6.5 Indicators of oxidative stress from semen analysis and in vitro fertilization (IVF) [43]

Indicators of oxidative stress

Poor motility

Teratozoospermia




High number of round cells

Increased viscosity

Poor membrane integrity on hypo-osmolar swelling test (HOST)

Poor motility after overnight incubation with oocyte

Poor blastocyst development in absence of clear female factor

Poor fertilization on routine IVF

DNA Fragmentation

DNA damage may occur as a result of oxidative damage resulting in a
reduction in genetic viability of spermatozoa [2]. This is associated with
leukocytospermia, raised ROS, and poor semen parameters [2, 6]. Up to 8%
of subfertile men with normal semen parameters may have high DNA
fragmentation (Table 6.6) [6]. High levels of DNA fragmentation (>30%) are
associated with poor intrauterine insemination (IUI) and in vitro fertilization
(IVF) outcomes [6].

Table 6.6 Methods of measuring DNA damage [6]

Direct methods |+ Single cell electrophoresis (COMET)
* Terminal deoxynucleotidyl transferase medicated 2-deoxyundine 5-triphosphate

(TUNEL)
Indirect * Sperm chromatin structure assay (SCSA)
methods * DNA intercalating dyes (acridine orange)

Anti-sperm Antibodies
Anti-sperm antibodies (ASA) are present in 3—12% of men being evaluated
for infertility [2]. Their production may arise from:

e Breakdown of blood—testis barrier,

e Inoculation of host with sperm antigens,

e Failure of immunosuppression [2].

Infection of the genitourinary tract is a risk factor for the development of
ASA [2]. It has been postulated that ASA affects fertility by the agglutination
of sperm, prevention of cervical mucous penetration, and the inhibition of the
oocyte—sperm fusion [2]. However, there are conflicting reports in the
literature about the association between leukocytospermia and ASA [2].




Treatment of Inflammation
Antibiotics

The goal of antibiotics administration is to treat infection. However, their role
in restoring semen quality remains unclear. In addition, several antibiotic
groups have been reported to adversely affect fertility [2].

Several studies have confirmed that men treated with antibiotics for a
variable amount of time may have an improvement in pregnancy rates, sperm
concentration, sperm motility, and a reduction in seminal leukocytes and
ROS [43, 67, 68]. However, many of these studies have been criticized for
their poor methodology [2]. Other studies have demonstrated reduced
seminal leukocytes but no change in semen parameters [53, 69].

Antioxidants

As we have demonstrated that increased oxidative stress has a role in
infertility, it would be sensible to expect that the use of antioxidants may be
beneficial. A prospective study by Vicari et al. randomized men with
infertility and leukocytospermia to 1 of 4 groups where they received
nonsteroidal anti-inflammatory drugs (NSAIDs) and/or carnitine for 2—

4 months [43, 70]. Treatment resulted in a significant improvement in sperm
vitality and reduction in seminal leukocytes [43, 70]. The group receiving
NSAIDs for 2 months followed by 2 months of carnitine had the largest
changes observed, with a significant increase in forward motility, the highest
reduction in ROS, and the greatest pregnancy rate [43, 70].

COX-2 Inhibitors and Antihistamines

The evidence for the use of COX-2 inhibitors and antihistamines is much
more limited, although there is some data to suggest that both may improve
semen parameters in different ways [43, 71]. In addition COX-2 inhibitors
may also reduce seminal leukocytes (Table 6.7) [43, 71].

Table 6.7 Treatment of inflammation [2, 43]

Treatment of inflammation

Lifestyle factors
* Smoking
* Tllicit drugs




* Weight loss
» Abstinence from alcohol

Minimize environmental exposure
* Heat

* Pollutants

* Toxins

Treat underlying cause, i.e., antibiotics

Antioxidants
COX-2 inhibitors

Antihistamines

Conclusion

In this chapter, we have discussed the most common organisms and their
methods of causing pathology within the male reproductive tract. This is a
topic that is often surrounded by controversy and conflicting evidence. The
organisms that are probably most important are C. trachomatis and mumps.

Chlamydia causes significant disease throughout the male genital tract
with a possible additional role in causing prostatitis. This is further
compounded by the carrier often being asymptomatic, the high reinfection
rates, and the lack of vaccine. It adversely affects semen parameters and may
cause structural abnormalities resulting in obstructive azoospermia.

Paramyxovirus, which causes mumps, is another organism worth
mentioning. We are now observing a resurgence in its incidence following a
fall in public confidence in the vaccine. This is another organism that causes
significant pathology as well as affecting both hormonal production and
semen parameters. These adverse effects may last for a significant period of
time and in a small proportion may result in permanent infertility. The only
management strategy for this condition is supportive and sustained
reeducation of the public about the benefits of the vaccine.

Inflammatory markers may be indicators of previous subclinical infection
as well as injury to the genital tract, which may be responsible for infertility
of unknown cause. The treatment remains very controversial but we must at
least educate our patients in reducing their lifestyle risk factors and treating
any overt infections. It is important to have a frank discussion with our
patients about the use of more controversial treatments such as further
antibiotics and anti-inflammatories, especially prior to assisted reproduction.

In summary, this is an area that still needs more research. However,



recognition and treatment of infections early remains important. During
evaluation of the infertile male, the role of present or past infection must be
discussed rigorously.
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Introduction

Retrograde ejaculation may be defined as a form of ejaculatory dysfunction
in which seminal fluid is propelled proximally toward the bladder after
leaving the ejaculatory ducts [1]. This process can be complete, in which case
no semen is propelled in the antegrade direction, or partial, in which there is
still some antegrade propulsion present. Premature ejaculation, anorgasmia,
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aspermia, lack of emission, and anejaculation accompany retrograde
ejaculation as entities within the umbrella of ejaculatory dysfunction [1].
Depending on the series, retrograde ejaculation has been reported to be
present in 0.4-2% of cases of male factor infertility [2, 3]. Although
uncommon, retrograde ejaculation represents one of the few pathologies
within the field of male infertility that, in select cases, can be successfully
treated medically.

Clinical Vignette

A 30-year-old man presents to clinic with primary infertility. His wife is

25 years old, healthy, and already has had a child (now 2 years old) with a
prior partner. She was evaluated by her reproductive endocrinologist and was
found to have no abnormalities. The couple has been unable to conceive
despite sexual intercourse 3—4 times per week. He reports that over the last
2—3 years, the volume of his ejaculate has been decreasing. He denies any
other bothersome symptoms. He does not complain of anorgasmia, erectile
dysfunction, low sex drive, depression, or fatigue. He does not have
hematuria.

His past medical history is notable for type 2 diabetes mellitus diagnosed
6 years ago. He reports no history of prior surgery. His only medication is
metformin. There is no family history of note. On physical examination, the
patient is obese with a body mass index (BMI) of 38. His secondary sex
characteristics appear appropriate. The penis is normal with an orthotopic
urethral meatus and no evidence of hypospadias. Both testes are descended
and normal in volume with no palpable masses. Both vasa are palpable.
Digital rectal examination reveals normal sphincter tone and an appropriately
sized prostate. No nodules or cystic structures are palpated. The review of his
recent laboratory tests reveals glycosuria and a hemoglobin Alc of 12%. The
patient relays that his primary care provider’s office staff has contacted him
about the laboratory results and he has an upcoming appointment with his
primary care physician.

A semen analysis is ordered. The patient returns to clinic 10 days later to
review the results. Ejaculate volume is shown to be 0.5 mL, with a sperm
concentration of 10 million/mL and a total sperm count of 5 million. Sperm
morphology and motility are normal. In accordance with American Society
for Reproductive Medicine (ASRM) guidelines, a post-ejaculatory urinalysis



is obtained. The results demonstrate >15 million sperm per mL in the
collected sample.

The patient is started on oral pseudoephedrine. He tolerates this treatment
well and blood pressure remains within normal limits during subsequent
follow-up visits. While the patient admits to poor adherence to his metformin
regimen in the past, he states that his desire to have a child has motivated him
to get his diabetes under control. During the next several weeks, the patient
begins to notice increased ejaculate volume. He is advised to continue regular
timed sexual intercourse with his wife while on pseudophedrine. Three
months later, he returns to clinic with news that his wife has recently become
pregnant.

Pathophysiology

Ejaculation is composed of two phases: emission and expulsion. Emission is
governed by sympathetic and parasympathetic discharge, which triggers a
sequence of events causing seminal fluid to be discharged from the seminal
vesicles and prostate. The first step is closure of the bladder neck, an action
which is mediated by «(alpha), adrenergic receptors. Prostatic secretions

followed by seminal vesicle fluid and Cowper’s and periurethral gland fluid
are subsequently released through the ejaculatory duct and into the prostatic
urethra [4].

Expulsion is governed by somatic innervation arising from the S2-4 nerve
roots (Fig. 7.1). The motor branch of the pudendal nerve elicits coordinated
contraction of the bulbocavernosus and bulbospongiosus muscles and nearby
pelvic floor muscles. The external urinary sphincter relaxes, permitting
antegrade expulsion of seminal fluid. The final factor permitting successful
expulsion is the lack of anatomic obstruction.
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While retrograde ejaculation is classically attributed to failure of bladder
neck coaptation, there has been evidence that this is not the causative process
in many cases. A study comparing transrectal color Doppler ultrasonography
findings during ejaculation in a healthy man and a spinal cord-injured man
demonstrated that in both patients, the bladder neck closed appropriately
during ejaculation. However, the external urethral sphincter did not relax
sufficiently to allow antegrade flow of semen in the spinal cord-injured man.
Once the expulsion phase concluded, the semen in the prostatic urethra
slowly flowed retrograde into the bladder [5]. As discussed in further detail in
this chapter, a(alpha)-antagonist mediated ejaculatory dysfunction has been
shown to be an anejaculation caused by blockade of a(alpha), 5 receptors in



the vas deferens, prostate, and seminal vesicles.

In vitro studies have demonstrated that once exposed to the high
osmolarity and acidic environment of the urine, spermatozoa lose motility
and die quickly [6-8]. These findings underpin the importance of sperm
preparation in the sperm retrieval techniques discussed in this chapter.

Diagnosis and Workup

A thorough history and physical examination are crucial to the diagnosis of
retrograde ejaculation. Symptoms include decreased ejaculate volume or
absent ejaculate as well as cloudy urine. In line with the common causes of
retrograde ejaculation, affected men may have comorbidities that can result in
neurogenic retrograde ejaculation such as diabetes mellitus or multiple
sclerosis or may have had prior surgery that can affect the ability of the
bladder neck to coapt. It is important to note that men with isolated retrograde
ejaculation still retain the ability to orgasm. As discussed elsewhere in this
text, orgasm and ejaculation are separate processes and inability to orgasm
does not necessarily cause anejaculation or retrograde ejaculation or vice
versa. However, the two may coexist.

Apart from neurologic examination findings associated with
comorbidities such as diabetes mellitus or multiple sclerosis, men with
isolated retrograde ejaculation tend to have otherwise normal genitourinary
examination findings. In some men, the urine may appear cloudy due to the
presence of semen. In addition, semen analysis may reveal a low-volume or
absent ejaculate with or without oligospermia or azoospermia. In men with
these semen analysis findings, obstructive azoospermia remains part of the
differential diagnosis. Physical examination therefore represents an important
opportunity for the clinician to distinguish between these disease entities. In a
man with isolated retrograde ejaculation, both vasa deferentia should be
palpable and the digital rectal examination should not reveal any palpable
dilated midline structures, which are suggestive of ejaculatory duct
obstruction.

The American Society for Reproductive Medicine (ASRM) recommends
post-ejaculatory urinalysis for men with ejaculate volume <1.0 mL unless the
patient is diagnosed with hypogonadism or congenital bilateral absence of the
vas deferens [9]. However, there have been no strict criteria established
defining a “normal” versus an “abnormal” post-ejaculatory urinalysis that is



suspicious for retrograde ejaculation. Prior investigators have demonstrated
the absence of sperm in the pre-ejaculatory urinalysis and the presence of
sperm in the urine in post-ejaculatory urinalysis of fertile men. This supports
the hypothesis that even in men without retrograde ejaculation, post-
ejaculatory urinalyses may contain residual sperm that were washed out from
the urethra during micturition [10]. Subsequent efforts have been made to
refine the interpretation of post-ejaculatory urinalysis findings. A prospective
study comparing 77 men being evaluated for infertility and 71 control male
subjects by Mehta et al. showed that although the presence of sperm in the
post-ejaculatory urinalysis was more common in the group being evaluated
for infertility, it was still very common even in the control group (98.7% vs.
88.7%, respectively). Subjects who were being evaluated for infertility were
more likely to have greater than 50% of their total sperm count in the post-
ejaculatory urinalysis and had a higher percentage of their post-ejaculatory
urinary sperm count in the initial fraction of voided urine than were control
subjects [11]. A similar study of 15 fertile men and 66 non-azoospermic men
being evaluated for infertility found that 73% and 65% of the fertile and
infertile men, respectively, had sperm in their post-ejaculatory urinalysis.
This study did not find a statistically significant difference in proportion of
sperm in urine between the two groups [12].

As previous studies demonstrate, there are no physical examination or
diagnostic test findings that are pathognomonic for retrograde ejaculation.
Findings can overlap considerably between fertile and infertile men. It is
important to distinguish retrograde ejaculation from obstructive azoospermia
and anejaculation, all three of which may present in a similar manner as
azoospermia. Thus, diagnosis relies upon clinical suspicion combined with
supportive findings on workup.

Etiologies of Retrograde Ejaculation
Neuropathic Changes

Genitourinary neuropathic diseases such as diabetes mellitus [13] and
multiple sclerosis [14] have the potential to cause retrograde ejaculation
(Table 7.1). Of these, diabetes mellitus is the most common cause of
retrograde ejaculation, with various series reporting prevalence rates of 6—
34.6% among diabetic men [15—18]. Of note, these figures may represent an



underestimation of the true rate, as retrograde ejaculation among diabetics is
felt by some investigators to be under-diagnosed and underreported [19].
Cases of retrograde ejaculation in this patient population are thought to be
caused by an autonomic neuropathy resulting in failure of bladder neck
coaptation during ejaculation [20]. As with other sequelae of diabetes
mellitus, the presence of ejaculatory dysfunction is correlated with the degree
of the particular patient’s glycemic control and the duration of diabetes.
Theoretically speaking, retrograde ejaculation in patients with multiple
sclerosis may be caused by the same mechanism as in diabetic patients,
though the authors are not aware of any studies specifically demonstrating
this mechanism. Prevalence estimates for retrograde ejaculation specifically
are difficult to find in the literature. However, it has been reported that 31—
50% of multiple sclerosis patients experience some sort of ejaculatory or
orgasmic disturbance [21, 22].

Table 7.1 Etiologies of retrograde ejaculation

Neuropathic Diabetes mellitus
Multiple sclerosis
Spinal cord injury

Postsurgical Transurethral resection of prostate
Photovaporization of prostate

Transurethral microwave therapy of prostate
Transurethral incision of prostate
Retroperitoneal lymph node dissection
Pelvic/spinal surgery

Medication-induced® | Antipsychotics?

4a(alpha)-antagonists have been shown to cause anejaculation, not retrograde
ejaculation as 1s widely believed. Antipsychotics may cause ejaculatory
dysfunction, but it is not clear whether this represents retrograde or
anejaculation

Postsurgical

Postsurgical causes of retrograde ejaculation remain a common cause seen in
urologic clinical practice (Table 7.1). Classically, surgical treatment for
benign prostatic hypertrophy (BPH) has been long associated with retrograde
ejaculation. The other prominent urologic cause of postsurgical retrograde



ejaculation is patients undergoing retroperitoneal lymph node dissection
(RPLND) for testicular cancer.

Transurethral resection of prostate (TURP) remains the gold standard for
the surgical treatment of BPH. A thorough resection leads to a wide-mouthed
TUR defect, causing failure of bladder neck coaptation. Patients should be
counseled extensively preoperatively that retrograde ejaculation is very
common after TURP. A recent review by Marra et al. noted that the overall
rate of retrograde ejaculation was 66.1% [23].

Other treatment modalities for BPH have been examined with the goal of
achieving comparable clinical efficacy compared to TURP while minimizing
the side effects. Photovaporization of the prostate (PVP) was associated with
a postoperative rate of retrograde ejaculation of 41.9% in 1 meta-analysis,
compared to 61.4% in the TURP group. Less invasive techniques have lower
reported rates of retrograde ejaculation. Examples include transurethral
needle ablation (TUNA—0%), transurethral microwave therapy (TUMT—
21.2%), and transurethral incision of the prostate (TUIP—21.1%) [23].
However, it must be noted that these techniques must be used on
appropriately selected patients with smaller prostates.

The prostatic urethral lift procedure (UroLift®, Neotract, Pleasanton, CA)
is a promising tissue-sparing technique where intraprostatic implants are
delivered to separate the lateral lobes of the prostate without impacting the
bladder neck. This offers relief of urinary obstruction without vaporization,
ablation, or resection of prostatic tissue. Prospective studies have shown this
technique preserves sexual function with no differences in preoperative and
postoperative rates of sexual bother or ejaculatory dysfunction. Again, patient
selection is important as the UroLift® technique has best results in patients
with no median lobe, lack of an elevated bladder neck, and a post void
residual of <350 ml [23, 24].

Retroperitoneal lymph node dissection disrupts the pre-aortic
postganglionic sympathetic fibers, which can interfere with ejaculation (but
not erection) [25]. Classically, reported rates of retrograde ejaculation after
bilateral RPLND varied widely, with some series reporting rates of up to 90%
[26]. However, recent advances in the understanding of the anatomy and
physiology of erection, the adoption of modified unilateral templates of
resection (sparing the contralateral sympathetic nerves, and use of nerve-
sparing in bilateral templates) have decreased the risk of retrograde
ejaculation after RPLIND. A more recent series by Beck et al. showed



preservation of normal ejaculation in 97% of patients undergoing primary
RPLND [27]. Even patients undergoing post-chemotherapy RPLND had
antegrade ejaculation rates of up to 85% [28].

Medication Side Effects
a(Alpha)-Antagonists

Alpha-antagonist medications such as tamsulosin, which are widely used for
the treatment of lower urinary tract symptoms secondary to benign prostatic
enlargement, are well known for their side effect of ejaculatory dysfunction
(Table 7.2). Traditional teaching holds that the use of a(alpha)-antagonists
causes loss of bladder neck coaptation, resulting in retrograde ejaculation.
Over the last decade, multiple studies have demonstrated that this is, in fact,
not the cause of a(alpha)-antagonist mediated ejaculatory dysfunction and
that this process is actually mediated by antagonism of the a(alpha);

adrenoreceptor.

Table 7.2 Medications associated with ejaculatory dysfunction

Medication class Examples

o(alpha)-blockers | Tamsulosin, sildosin, doxazosin, prazosin, terazosin, alfuzosin

Antipsychotics  |Levemepromazine, iloperidone, clozapine, risperidone

Activation of this receptor is required for contraction of the vas deferens
[29]. A study involving the use of real-time polymerase chain reaction on
radical prostatectomy and cystoprostatectomy specimens showed that
a(alpha); 5 was also the predominant adrenoreceptor subtype in the seminal

vesicles [30], another structure whose function is crucial to the process of
ejaculation. The same study also assigned 17 healthy men to treatment with
tamsulosin (predominantly a(alpha), 5 vs. a(alpha),p antagonism) and

naftopidil (predominantly a(alpha);p vs. a(alpha), 5 antagonism) in a

crossover manner. Results demonstrated lack of retrograde ejaculation and
lack of sperm in post-ejaculatory urinalysis on transrectal color Doppler
ultrasound after administration of either medication [30]. A randomized
crossover study of tamsulosin, alfuzosin, and placebo in healthy adult males
showed that the use of tamsulosin was associated with a >20% decrease in
ejaculate volume in 90% of subjects and anejaculation in 35% of subjects in



comparison with alfuzosin and placebo. In this study, there were no
statistically significant differences in post-ejaculatory urine sperm
concentrations between the three groups [31]. A randomized double-blind
crossover study of 15 healthy male urologists demonstrated anejaculation in
all subjects after 3 days of silodosin administration, with return of semen
volume and sperm count to baseline 3 days after cessation of silodosin [32].
Interestingly, there has been speculation that the presence of ejaculatory
dysfunction may serve as a sign of effective treatment of lower urinary tract
symptoms in patients taking a(alpha)-antagonists for benign prostatic
hyperplasia. In one literature review, an odds ratio of 1.68 was calculated for
improvement in International Prostate Symptom Score by 3 points and
maximal urinary flow rate by 3 mL per second [33].

Antipsychotic Medications

Antipsychotic medications used for the treatment of psychiatric disorders
such as schizophrenia have been associated with rare reports of retrograde
ejaculation (Table 7.2). Case reports have implicated several typical and
atypical antipsychotics including levomepromazine [34], iloperidone [35],
clozapine [36], and risperidone [37-39]—all of which have a(alpha);-

antagonistic effects. The authors are not aware of any studies in which post-
ejaculatory urinalyses were collected in patients taking these medications. It
is therefore possible, as is the case with reports involving a(alpha);-

antagonists, that these antipsychotics may be causing anejaculation instead of
retrograde ejaculation. Alternatively, some investigators have suggested that

ejaculatory dysfunction, retrograde or otherwise, may be the indirect result of
other endocrine imbalances such as hyperprolactinemia which can be caused

by these antipsychotics [40].

Spinal Cord Injury

Retrograde ejaculation has been diagnosed in men with spinal cord injury
through the use of penile vibratory stimulation and rectal probe
electroejaculation followed by catheterized post-ejaculatory urinalyses
[41-43]. Certainly, there are known ejaculatory derangements that other
investigators have proposed to be the cause of retrograde ejaculation in men
with spinal cord injury. These include the tendency for sacral cord injuries to



result in loss of the expulsion phase of ejaculation as well as detrusor-
sphincter and detrusor-bladder neck dyssynergia [44—46]. However, as noted
previously, post-ejaculatory urinalyses containing sperm are found even in
neurologically intact men. Studies clearly demonstrating a mechanism of
retrograde ejaculation in spinal cord-injured men remain relatively rare, with
a notable exception being a study of nine men undergoing penile vibratory
stimulation or electroejaculation with simultaneous urodynamic catheter
monitoring of internal and external urethral sphincter pressures. This study
demonstrated that in each of the nine men, forceful contraction of the external
followed by the internal urethral sphincter preceded ejaculation, but that in
the men undergoing electroejaculation, the external sphincter pressure
exceeded that of the internal sphincter shortly after ejaculation, providing a
possible mechanism for electroejaculation-induced retrograde ejaculation
[47]. As mentioned earlier, transrectal color Doppler ultrasonography studies
have shown that the bladder neck or internal sphincter closes appropriately
during ejaculation in some patients with spinal cord injury. Rather, it is a
failure of external urethral sphincter relaxation, or a form of detrusor-
sphincter dyssynergia, that causes retrograde ejaculation in these patients [5].
While rare, spinal cord conditions such as perineural cysts or tethered cord
syndrome can cause retrograde ejaculation as well [48, 49].

Treatment of Retrograde Ejaculation

Noninvasive Techniques

The method of treatment of retrograde ejaculation can vary widely depending
on severity and etiology (Table 7.3). In general, less invasive treatment
options are preferred for initial management. In some cases simple
substitution, discontinuation, or dose reduction of the offending medication
can restore normal ejaculation. In cases of retrograde ejaculation caused by
antipsychotic medication, referral to a psychiatrist for dosage adjustment or
substitution with a different medication may be indicated. Dose reduction has
been reported to be successful in restoring normal ejaculation in patients
taking risperidone, for example [38]. Prior authors have reported on
circumvention of retrograde ejaculation by instructing men to ejaculate with a
full bladder. According to one published case report, two patients with
retrograde ejaculation were able to convert to antegrade ejaculation with the



use of this technique [7]. In a separate report, ejaculate retrieved in this
manner from one patient was used for intrauterine insemination and resulted
in a successful pregnancy [50]. Other noninvasive techniques include the
combination of urinary alkalinization followed by voiding of urine directly
into the vagina after intercourse or intravaginal insemination of the postcoital
urine—semen mixture using a syringe [51-53].

Table 7.3 Treatment of retrograde ejaculation

Noninvasive Discontinuation, dose Ejaculation with full bladder
reduction of medications
Medical a(alpha)-agonists (midodrine, |Anticholinergics,
pseudophedrine, ephedrine) | antihistamines, tricyclic
antidepressants
Sperm Modified Hotchkiss technique |Retrograde instillation of Epididymal or testicular
retrieval sperm media and extraction |sperm extraction
Surgical Young-Dees technique Y-V plasty of bladder neck | Transurethral collagen
(bladder neck reconstruction) injection of bladder neck
Medical Therapy

Medical therapy has been described in the literature, mostly in the form of
a(alpha)-agonists, tricyclic antidepressants, and antihistamines aimed at
increasing sympathetic tone and/or decreasing the parasympathetic tone of
the bladder neck. Commonly used a(alpha)-agonists include midodrine
(known as milodrin in several older studies), pseudoephedrine, and
ephedrine. The use of these medications has been described in the past [54,
55]. A few notable recent studies involving patients diagnosed with
retrograde ejaculation have been published. A study of 33 patients with
diabetes mellitus and retrograde ejaculation found that imipramine,
pseudoephedrine, and a combination of both were able to produce antegrade
ejaculation in 38.5, 47.8, and 61.5% of cases, respectively [56]. Hsiao et al.
were able to restore antegrade ejaculation using pseudoephedrine in two of
four patients with retrograde ejaculation after chemotherapy and
retroperitoneal lymph node dissection for testicular cancer [57]. Tomasi et al.
reported on the use of intramuscular self-injection of methoxamine 30 min
prior to sexual intercourse or masturbation in two patients. Antegrade
ejaculation was restored in both patients with one of the two patients able to
achieve pregnancy after 3 months of methoxamine treatment [58].

Tricyclic antidepressants also have been used for the medical treatment of




retrograde ejaculation. In one series, 11 of 11 patients with retrograde
ejaculation after retroperitoneal surgery were treated with daily imipramine
for 7 days prior to the female partner’s planned ovulation. Using this
regimen, antegrade ejaculation was produced in all 11 patients with only
minor side effects such as dizziness, weakness, nausea, or sweating. Two
spontaneous pregnancies were reported and two successful fertilizations
without successful pregnancy were induced with the help of intracytoplasmic
sperm injection (ICSTI) [59]. In another study, antegrade ejaculation was
achieved in three of seven patients using imipramine. Of these three patients,
two went on to conceive naturally. All three of these patients initially had
partial retrograde ejaculation [2]. The use of various other medications has
been described in some older studies including the antihistamines
bromphenoramine [60] and chlorpheniramine—the latter in combination with
phenylpropanalamine [55].

A meta-analysis reported that of retrograde ejaculation patients treated
with medical therapy, antegrade ejaculation was achieved in 50% and
spontaneous pregnancy was achieved in 34%. The authors found that
imipramine was the most widely used medication but did note that there were
no randomized controlled trials comparing the various medical treatments of
retrograde ejaculation on a head-to-head basis [55]. Indeed, some clinicians
prefer the use of alpha-agonists such as pseudoephedrine due to the
potentially more dangerous adverse effects associated with imipramine [57].

Sperm Retrieval

In cases of retrograde ejaculation that persist despite the aforementioned
interventions, sperm retrieval therapy may be used. Sperm retrieval may also
be accomplished by a multistep process known as the modified Hotchkiss
technique. The initial step involves the use of agents to make the urine
osmolality and pH more favorable to sperm motility and viability. Some
investigators have accomplished this by first asking the patient to empty his
bladder and then catheterizing the bladder and instilling an alkalinizing
medium. Others have favored the use of oral sodium bicarbonate and
hydration. The patient is then asked to empty his bladder prior to any
ejaculation attempts. Masturbation or, if necessary, penile vibratory
stimulation or electroejaculation is then used to produce retrograde
ejaculation into the previously instilled medium or the alkalinized urine. The
sperm are retrieved either by voiding or bladder catheterization. The urine is



centrifuged and the sperm pellet is resuspended in a buffered medium. The
suspension is then used for intravaginal insemination or assisted reproductive
techniques such as intrauterine insemination, in vitro fertilization, and ICSI.
Many variations on this technique have been described, ranging from the use
of unprepared urine and sperm to centrifugation and suspension of the sperm
within media such as Ham’s F-10 medium, bovine serum albumin, human
serum albumin, and phosphate buffered solution [2, 51, 61-64]. Prior
investigators who have reported successful pregnancies with sperm retrieval
were able to alkalinize the urine to a “physiological” pH of 7.2 [65].

Generally, this process is timed in accordance with the partner’s
luteinizing hormone (LH) surge in order to maximize the probability of
success. However, there are at least two published reports of successful
pregnancy or live birth via ICSI using thawed sperm that were initially
retrieved by a modified Hotchkiss technique and then cryopreserved for a
period of time [66, 67]. One recent review of 15 published articles using
modified Hotchkiss techniques dating back to the 1970s calculated a
pregnancy rate of 15% per cycle [68].

Surgical Therapy

Surgical correction of retrograde ejaculation has been described sparingly in
the literature, though with a high rate of success in the limited number of
cases reported. The Young-Dees technique of bladder neck reconstruction,
which has been used for the management of incompetent bladder necks due
to trauma, neurogenic bladder, and exstrophy, has also been applied to
patients with retrograde ejaculation. One series reported the successful
conversion of retrograde into antegrade ejaculation in four of five patients
[69]. Using a similar technique, Ramadan et al. described the use of trigonal
urothelium and musculature in order to reconstruct the proximal urethra and
bladder neck around a 12-French catheter. This technique was used in five
men with retrograde ejaculation after bladder neck surgery for bilharzial
obstruction, also with restoration of antegrade ejaculation in four of the five
men [70]. A third publication reported successful correction of retrograde
ejaculation in two men who developed retrograde ejaculation after Y-V plasty
of the bladder neck. Normal ejaculation was achieved in both patients and
one patient was able to produce a successful pregnancy [71].

A less invasive option in the form of transurethral collagen injection of
the bladder neck has been used for the treatment of retrograde ejaculation. A



prospective trial of 23 patients with type 1 diabetes mellitus randomized to
transurethral collagen injection of the bladder neck or a sham surgery
demonstrated statistically significant improvements in antegrade ejaculate
volume, sperm count, motility, and progressive motility in the treatment
group at 1 year postoperatively. There were no complications reported and no
significant differences in erectile function as measured by International Index
of Erectile Function-5 questionnaire scores. Interestingly, the patients
undergoing collagen injection demonstrated improvements in depression and
anxiety as measured by validated questionnaires [72]. A case report from
Japan demonstrated the use of this technique in a 40-year-old male with
retrograde ejaculation following thoracic spinal cord injury. Preoperatively,
his retrograde ejaculation was documented by transrectal Doppler ultrasound.
He then underwent transurethral collagen injection of his bladder neck. At

14 days postoperatively, repeat ultrasound demonstrated the conversion of his
retrograde ejaculation to antegrade ejaculation. The therapeutic effect of the
collagen had disappeared at 1 year postoperatively, but the injection was
repeated, again with successful restoration of antegrade ejaculation [73]. A
similar outcome was observed following bladder neck collagen injection in a
36-year-old man who presented with primary infertility refractory to
pseudoephedrine therapy. He had had a history of Y-V plasty of the bladder
neck, a surgical method of bladder neck obstruction in which a Y-shaped
incision is made through the area of obstruction and the apex of the V flap is
sutured to the Y incision. Successful pregnancy was achieved with
intrauterine insemination 3 weeks postoperatively [74]. In these reported
cases, the surgery seems to have been well tolerated. That said, due to their
invasiveness and the risk of postoperative complications, the authors
recommend that surgery should be considered as a last resort for the
treatment of retrograde ejaculation.

When successful, the techniques discussed above merely make the
patient’s own sperm available for insemination but do not improve the quality
of the sperm. Thus, in patients who produce poor quality sperm, these
techniques may need to be bypassed and assisted reproductive techniques
may be indicated. Case reports and case series describe the use of vasal
aspiration and intrauterine insemination [75], percutaneous epididymal sperm
aspiration [76], and testicular sperm extraction and ICSI [57, 77] in patients
with retrograde ejaculation, resulting in successful pregnancy.




Conclusion

Recent evidence suggests that some classical examples of retrograde
ejaculation are in fact more appropriately categorized as examples of
anejaculation. Furthermore, in many cases appropriately labeled as retrograde
ejaculation, alternative causative mechanisms besides failure of bladder neck
closure may be at fault. More so than certain other forms of male infertility,
retrograde ejaculation represents an entity that can be successfully treated.
Thus, these are important findings that deserve further study and may impact
treatment options in the future. For patients with otherwise healthy sperm, as
long as the proper neurologic and anatomic derangements are identified and
effective treatment strategies can be implemented, successful conception
should be within reach.
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