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Foreword

Drs. Parekattil (University of Florida) and Agarwal (Cleveland Clinic) have combined their
expertise in the clinical and laboratory science, respectively, of male reproduction to create a
novel and valuable textbook. Dr. Parekattil’s urologic fellowships at the Cleveland Clinic in
both male infertility/microsurgery and laparoscopic/robotic surgery added considerably to his
vision of the field of male fertility. He has pioneered the area of robotic microsurgical proce-
dures for correction of obstructions in the male reproductive tract, varicocelectomy, neurolysis
of the spermatic cord for relief from scrotal and groin pain, and for other procedures.
Dr. Agarwal is a recognized authority in the study of the effect of reactive oxygen species
(ROS) in the semen and their impact on sperm function. The compilation of a textbook that
contains chapters that are written by so many international experts in both clinical and labora-
tory areas of male reproduction is a prodigious undertaking and the editors are to be congratu-
lated for their efforts to create this book.

Drs. Wiser, Sandlow, and Kohler (University of Wisconsin at Milwaukee) offer an encyclo-
pedic discussion on a wide variety of causes of male infertility. They consider genetic, ana-
tomic, endocrine, environmental, coital, immunologic, and surgically correctable factors that
may affect a man’s fertility potential, and options for treatment other than in vitro fertilization
(IVF)/ICSI of many of these conditions. Drs. Haywood, Laborde, and Brannigan (Northwestern
University) offer a detailed discussion of various endocrinopathies that may cause male infer-
tility. Drs. Agarwal and du Plessis (Tygerberg, South Africa) offer a chapter concerning the
impact of obesity on male fertility. Drs. Mori and Sabanegh (Cleveland Clinic) present a
detailed consideration of laboratory tests that are used for the diagnosis of male infertility.
Dr. Claudio Teloken and associates (Brazil) discuss various environmental factors that may
cause male infertility. The effects of various malignancies and of irradiation therapy and
chemotherapy used to treat these malignancies on spermatogenesis are reviewed by Daniel
Williams, IV (University of Wisconsin), who also discusses the use of sperm that were cryo-
preserved before treatment for assisted reproductive technologies when spermatogenesis does
not resume after chemotherapy.

Drs. Faasse and Niederberger (University of Illinois at Chicago) present a detailed discus-
sion of the epidemiological considerations of male infertility, including considerations about
the incidence and prevalence of infertility in developed countries and in the developing world.
They consider the relationship between semen parameters and male infertility and whether or
not semen parameters predict fertility and assisted reproductive technology (ART) outcomes.
Their chapter also concerns novel assays for the evaluation of male infertility and whether or
not male semen quality is declining, as well as health care resource utilization for male infertil-
ity in the USA. Dr. Henkel (Bellville, South Africa) gives a thorough discussion of infections
of the male genitourinary tract according to the etiologic agent and the location of the infection
within the genitourinary tract.
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Drs. Inci and Gunay (Turkey) discuss medications and other exogenous agents that may
decrease the male fertility potential. Drs. Cohen and Moseley (University of Florida) present
four fascinating cases of ethical issues that may arise and create problems to both physicians
and patients when making decisions about the management of fertility problems.
Dr. Vaithinathan et al. (Puducherry, India) consider the various causes of apoptosis that may
affect a man’s fertility status, while Drs. Misro and Ramya (New Delhi, India) offer an elegant
view of fuel energy sources for spermatozoa. Drs. Hsieh and Shin (Georgetown University)
discuss nutritional pathways to protect male reproductive health. Their chapter primarily
concerns the use of various antioxidants for infertile men and the impact of obesity on men’s
fertility potential. Dr. Pasqualotto et al. (Brazil) discuss the effect of the aging process on
male fertility status and the effect of increased DNA abnormalities that occur with increasing
age on the genomic pattern of the offspring of aged men.

Dr. Kumar (New Delhi, India) discusses various causes of azoospermia in India, some of
which are rarely, if ever, seen in the USA. He also presents his techniques for microsurgical
vasoepididymostomy and for microsurgical varicocelectomy. Drs. Cassidy, Jarvi, Grober, and
Lo (Toronto, Canada) discuss their use of a “mini-incision” to perform vasectomy reversal
using no-scalpel techniques.

Drs. Hsiao and Goldstein (Cornell Weill School of Medicine) discuss the historical devel-
opment of microsurgical vasoepididymostomy. The latter author’s extensive experience with
that procedure and the evolution of his anastomotic technique are described in detail. Drs.
Stember and Schlegel (also at Cornell Weill) review Schlegel’s extensive experience with
microsurgical dissection for testicular sperm extraction (microTESE). All aspects of dealing
with patients who have non-obstructive azoospermia, including genetic findings, testicular his-
tology and hormonal values in these patients are considered. The details of the microTESE
procedure, including sperm processing methods and results, are clearly described.

Various discussions of the use of robotic microsurgery are contained in this book. Drs.
Brahmbhatt and Parekattil discuss robotic microsurgery to perform vasovasostomy, varico-
celectomy, as well as to perform spermatic cord denervation and robotic single port neurolysis
to relieve scrotal and groin pain caused by various etiologies. They describe newly available
and prototype instrumentation for robotic microsurgery. Drs. Shu and Wang (Houston, Texas)
discuss their method of robotic microsurgical varicocelectomy. They deliver the spermatic
cord externally in the normal operative manner, but then use the DaVinci robot to perform dis-
section within the cord. They found a short learning curve to perform this procedure and now
prefer this method for performing varicocelectomy due to the complete lack of tremor and the
ease of identification of the various structures within the spermatic cord. Dr. De Wil et al.
(Belgium and Switzerland) present interesting arguments that robotic vasovasostomy is useful
to reduce tremor and to enhance dexterity when this procedure is performed. They also discuss
the background of robotic surgery and describe the details of their method of robotic vasova-
sostomy. While many may question the value of robots for urologic microsurgical procedures,
the total elimination of tremor when the robot is used certainly should improve the results of
microsurgical procedures. The question that will need to be answered in the future is whether
or not cost/benefit considerations support the use of robots for urologic microsurgery except
for the unusual situation in which repair of vasal obstruction deep within the pelvis may be
required.

Drs. Rosevear and Wald (University of Iowa) review experimental procedures to develop
vas deferens allografts to bridge the gap when the distance between the two ends of the vas is
too long for reconstruction to be performed with microsurgical vasovasostomy. A chapter by
Drs. Ignatov and Turek (San Francisco) concerns the diagnosis and management of various
types of ejaculatory dysfunction, as well as the surgical treatment of ejaculatory duct obstruc-
tion. Drs. Cocuzza (Sao Paulo, Brazil) and Parekattil discuss the various uses of radiology in
the diagnosis and treatment of male infertility.

There are detailed discussions about IVF and intracytoplasmic sperm injection (ICSI) in the
treatment of male infertility. Drs. Rhoton-Vlasak and Drury (University of Florida) discuss
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their institution’s multidisciplinary clinic for the evaluation of couples as potential candidates
for ART and describe in great detail the laboratory aspects of ARTs, including the indications
for, and use of, antioxidants in vitro during ART procedures.

Dr. Antinori (Italy) discusses motile sperm organellar morphology examination (MSOME)
to reach a final video magnification of 6,600x. This allows the detection of subcellular abnor-
malities of sperm. The author assumes that certain subcellular microscopic changes in sperm
are a result of exposure to reactive oxygen species. Subsequently, the intracytoplasmic mor-
phologically selected sperm injection (IMSI) procedure is described as a new method of sperm
selection to treat couples with previously failed ICSI cycles. This technology currently is so
expensive that it falls into the category of experimental therapy, but it offers promise for the
future. Drs. Grunewald and Paasch (Leipzig, Germany) also elaborate on subcellular and other
methods of sperm selection for ICSI.

The discussions about the effect of ROS on sperm quality and male fertility and on the use
of antioxidants to treat male infertility are virtually encyclopedic in nature. Dr. Lampiao et al.
review oxidative stress, the physiologic role of ROS in normal sperm physiology, the patho-
logic effects of ROS on sperm function, and the prevention of, and therapy for, impaired fertil-
ity due to seminal fluid ROS. Dr. Balercia et al. from Italy discuss the role of coenzyme Q10
and L-carnitine in the treatment of ROS damage to sperm, and Drs. Iremashvili, Brackett, and
Lynne (University of Miami) discuss the sources, consequences, and possibility for therapy of
ROS in the semen of spinal cord injured men. Drs. Said (Toronto, Canada) and Agarwal con-
tribute information about the use of antioxidants in sperm cryopreservation. Dr. Lanzafame
et al. (Syracuse and Catania, Italy) present detailed information about the use and value of a
host of antioxidants to treat ROS-induced sperm damage. As a balance to these considerations
of antioxidant therapy, the harmful effects and risks of antioxidant therapy are discussed by
Drs. Stewart and Kim (University of Tennessee). Dr. Garrido et al. (Valencia, Spain) discuss
the role of antioxidants in ICSIL.

Drs. Celik-Ozenci (Antalya, Turkey) and Huszar (Yale University) add other aspects of
oxidative stress on sperm and mention the fact that medical therapy for this problem has not
proved to be significantly successful. They show the benefits of the sperm—hyaluronic acid
binding assay and hyaluronic acid-mediated selection of single sperm without DNA chain
fragmentation in order to select sperm for ICSI. Drs. Hwang and Lamb (Baylor at Houston)
offer an explanation for the molecular mechanisms of antioxidants in male infertility.
Dr. Tremellen (Australia) contributes a critical review of the literature concerning the effective-
ness of antioxidant therapy for the enhancement of male reproductive health. The author should
be congratulated on presenting an overview of the common methodological weaknesses in
antioxidant trials. Dr. Ko and others (Cleveland Clinic) conclude that there is a need for
randomized controlled trials regarding the value of medical treatment of infertility due to ROS.

Dr. Alvarez (Barcelona) discusses the effects on sperm function after thawing that are
caused by the loss of intracellular antioxidant enzyme activity during cryopreservation.
Dr. Varghese et al. (Montreal, Canada and Cleveland Clinic) discuss the use of antioxidants
during embryo culture and during embryo cryopreservation to prevent lipid peroxidation of
the cell membrane of the developing embryo.

A unique feature of the book is the inclusion of a section of “Expert Commentary” at the
end of many of the chapters. This treatise contains discussions of virtually all areas of the
diagnosis and treatment of male infertility and also contains information about newer evolving
therapies to treat male infertility. The chapters on ethical considerations in male infertility and
on the management of chronic inguinal and scrotal pain are welcome additions that are not
usually found in textbooks concerning male infertility. The addition of the various laboratory
considerations of male infertility makes the book valuable for the libraries of not only clini-
cians, but also of laboratory scientists.

Louisville, KY Arnold Belker, MD






Preface

The field of male infertility truly illustrates the need for a multispecialty approach to the effec-
tive diagnosis and management of such conditions. From the initial referral possibly from a
reproductive endocrinology gynecologist and embryologist to the male infertility urologist,
andrologist, nurses, researchers, and alternative medicine specialists, this multidisciplinary
team needs to work as a cohesive unit to provide our patients with the most effective and high-
est quality care.

This book was an attempt to gather experts from each of these fields and present an inte-
grated management approach with detailed descriptions of topics ranging from the initial clini-
cal diagnosis, management, new treatment options, and scientific rational for the various
approaches. The book initially focuses on the clinical aspects of male infertility and then dives
into the use of antioxidants as adjunctive therapy and the current state of affairs in antioxidant
research. The authors come from leading institutions from around the globe in an attempt to
capture a wide range of techniques and approaches. We are hoping that this text may serve as
a reference guide for specialists across this team to further enhance dialogue, discussion, and
refinement in our multidisciplinary approach.

We would like to thank the authors for their contributions and our families for their patience
in allowing us to put together this project. We would like to acknowledge the Glickman Urological
Institute at the Cleveland Clinic Foundation and the Department of Urology at University of
Florida for institutional support for this endeavor as well. We are grateful to Richard Lansing,
executive editor, for his support and advice, and to Margaret Burns, developmental editor, for her
tireless efforts in reviewing and editing each of the manuscripts. We hope that this book will
provide a concise, consolidated reference for antioxidants and male infertility.

Winter Haven, FL, USA Sijo J. Parekattil
Cleveland, OH, USA Ashok Agarwal
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Abstract

Of all sexually active couples, 12—15% are infertile. When broken down by gender, a male
component can be identified 50% of the time either in isolation or in combination with a
female factor. The majority of the causes of male infertility are treatable or preventable, so
a keen understanding of these conditions is paramount. Despite advancements in assisted
reproductive technologies, the goal of a male infertility specialist is not simply to retrieve
sperm. Instead, the male infertility specialist attempts to optimize a male’s reproductive
potential and thereby allow a couple to conceive successfully through utilization of less
invasive reproductive techniques. Often, this involves the use of sperm or testicular tissue
cryopreservation prior to fertility insult. At the same time, the male fertility specialist is
wary of underlying or causal, potentially serious medical or genetic conditions that prompted
reproductive evaluation. Previous research in a US male fertility clinic analyzing 1,430
patients identified causes of infertility from most to least common: varicocele, idiopathic,
obstruction, female factor, cryptorchidism, immunologic, ejaculatory dysfunction, testicu-
lar failure, drug effects/radiation, endocrinology, and all others. The focus of this book on
the role of reactive oxygen species (ROS) is easily applied to the majority of the listed con-
ditions (described in detail in later chapters) which comprise this chapter’s overview of
pre-testicular, testicular, and post-testicular causes of male infertility.
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Of all sexually active couples, 12-15% are infertile [1].
When broken down by gender, a male component can be
identified 50% of the time either in isolation or in combina-
tion with a female factor [2]. The majority of the causes of
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male infertility are treatable or preventable, so a keen under-
standing of these conditions is paramount. Despite advance-
ments in assisted reproductive technologies, the goal of a
male infertility specialist is not simply to retrieve sperm.
Instead, the male infertility specialist attempts to optimize a
male’s reproductive potential and thereby allow a couple to
conceive successfully through utilization of less invasive
reproductive techniques. Often, this involves the use of
sperm or testicular tissue cryopreservation prior to fertility
insult. At the same time, the male fertility specialist is wary
of underlying or causal, potentially serious medical or
genetic conditions that prompted reproductive evaluation.
Previous research in a US male fertility clinic analyzing
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1,430 patients identified causes of infertility from most to
least common: varicocele, idiopathic, obstruction, female
factor, cryptorchidism, immunologic, ejaculatory dysfunc-
tion, testicular failure, drug effects/radiation, endocrinology,
and all others [3]. The focus of this book on the role of reac-
tive oxygen species (ROS) is easily applied to the majority of
the listed conditions (described in detail in later chapters)
which comprise this chapter’s overview of pre-testicular,
testicular, and post-testicular causes of male infertility.

Causes of Male Infertility
Pre-testicular

Hypogonadotropic Hypogonadism

Hypogonadotropic hypogonadism affects fertility at multiple
levels. Sperm production is deleteriously affected by a lack
of testosterone and a lack of a stimulatory effect on the
Sertoli/germ cell complex. Sexual function is also negatively
impacted with effects seen at the level of erectile function,
ejaculatory function, and sexual desire. There are many eti-
ologies of hypogonadotropic hypogonadism. The most com-
mon are elevated prolactin, medications, illicit drugs, and
pituitary damage. Kallmann syndrome is another, albeit rare,
cause of hypogonadotropic hypogonadism.

Elevated Prolactin

Elevated prolactin may cause hypogonadism by suppressing
the release of GnRH. Symptoms of hypogonadism, espe-
cially erectile dysfunction and loss of libido, are the most
common presenting symptoms in males with hyperpro-
lactinemia, though galactorrhea and gynecomastia may also
be evident [4].

Elevated prolactin may be secondary to various etiolo-
gies. The most common of these is a prolactinoma, which
typically arises from the pituitary. Because prolactinomas in
men are more likely to manifest through mass effect, visual
disturbances and headaches are more likely to be present
when compared to women with prolactinomas [5].

There are other significant causes for hyperprolactinemia
as well. Prolactin is elevated in renal failure, as well as in
patients with hypothyroidism and cirrhosis. Prolactin levels
may also be elevated in certain systemic diseases such as
systemic lupus erythematosus, rheumatoid arthritis, celiac
disease, and systemic sclerosis. Many drugs elevate prolactin
levels, especially those which block the effects of dopamine,
such as antipsychotics [6].

Pharmacologic

Various medications may cause hypogonadotropic hypogo-
nadism. Estrogens and progestins may cause a decrease in
testosterone levels via negative feedback to the hypotha-
lamic-pituitary-gonadal axis. Marijuana is known to decrease
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testosterone levels by working on the endocannabinoid
receptors present at multiple levels of the hypothalamic-pitu-
itary axis [7]. Both ethanol and cannabinoids suppress GnRH
secretion at the level of the hypothalamus. Endocannabinoid
receptors have also been found in the pituitary and so may
also affect the hypothalamic-pituitary axis at that level as
well [8]. LHRH agonists and antagonists are used for the
treatment of prostate cancer, precocious puberty, and gender
reassignment surgeries. In the male, both induce profound
hypogonadism. LHRH antagonists directly and intuitively
decrease LH and FSH levels. LHRH agonists produce a toni-
cally stimulated state which, unlike the physiologic circa-
dian rhythmicity of normal LHRH stimulation, acts to
decrease LH and FSH secretion. Narcotics may also produce
profound hypogonadism. Nearly 40% of men using metha-
done were found to have total testosterone levels less than
230 ng/dL [9].

Kallmann Syndrome

Kallmann syndrome affects between one in 8,000-10,000
males [10, 11]. It is a spectrum of disease in which the pri-
mary manifestations are anosmia and hypogonadotropic
hypogonadism which leads to an absence of puberty.
Multiple genetic defects can lead to Kallmann syndrome
[12]. These most commonly manifest through the same
mechanism whereby GnRH secreting neurons fail to migrate
to the hypothalamus. Lack of these neurons in the hypothal-
amus results in a lack of GnRH secretion and thus
hypogonadism.

Hypergonadotropic Hypogonadism

One of the most common causes of hypergonadotropic
hypogonadism is Klinefelter syndrome (Klinefelter’s).
Klinefelter’s affects male fertility by altering spermatogene-
sis both directly and indirectly by altering the hormonal
milieu [13-15]. Interestingly, sex hormone levels are normal
until puberty. During puberty, they do rise to low-normal lev-
els, but plateau. By adulthood, serum testosterone levels are
typically below normal. Histologic studies demonstrate
gradual degeneration of the testes with development, with
hyperplasia of poorly functioning Leydig cells [16].
Klinefelter’s also directly affects spermatogenesis, as dis-
cussed later in this chapter.

Testicular

Varicocele

A varicocele is a dilation of the pampiniform plexus likely
caused by the absence or incompetence of the venous valves
of the internal spermatic vein. Varicoceles have long been
associated with infertility. The first written description is
attributed to Celsius who noticed the association between the
varicocele and testicular atrophy [17]. In the 1800s, surgical



1 Causes of Male Infertility

correction was seen to improve semen quality. It is currently
seen to be the most common surgically correctable cause of
male infertility. Roughly 12% of all men have a varicocele,
but this number jumps to 25% in men with abnormal semen
parameters [18].

Varicoceles affect multiple semen parameters; total sperm
count, sperm motility, and sperm morphology are all nega-
tively affected [19, 20]. There are many theories about the
underlying pathophysiology of a varicocele, with heat, renal
metabolites, and hormonal abnormalities all playing a role.
However, most agree that disruption of the countercurrent
heat exchange mechanism in the testis, causing hyperthermia,
is the most likely mechanism.

Scrotal temperature in humans is variable during the
day, but remains 1-2°C lower than core body temperature
at 33-36°C [21]. Thermoregulation of the gonads at a tem-
perature lower than that of body temperature is a trait that is
well preserved in homeotherms and especially in mammals
[22]. Nearly all mammals have a scrotum. Other mecha-
nisms, such as the efficient heat exchange system in whales,
have developed in animals in environments where the scro-
tum would not be efficient at keeping gonadal heat at a few
degrees below body temperature. Besides this teleologic
evidence that lower body temperature is necessary for tes-
ticular function, numerous studies point to impaired sperm
production and a decrease in semen quality when scrotal
temperatures are elevated [23-28]. One study showed that
men with scrotal skin temperatures above 35°C for >75%
of the day had sperm concentrations of 33 million/mL as
compared with men with scrotal skin temperatures greater
than 35°C for <50% of the day who had sperm concentra-
tions of 92 million/mL [27]. The mechanism by which heat
causes decreased sperm counts is poorly understood, but
one hypothesis is that increased temperature could increase
the metabolic rate of testicular and epididymal sperm, sec-
ondarily increasing the amount of oxidative damage to both
the structure and the DNA of the spermatocytes and sper-
matids [22].

Varicoceles are noted to be associated with higher scrotal
temperatures [29], and cooling of the scrotum has been
shown to improve semen parameters [30]. Interestingly, the
temperature of the contralateral testis is also elevated in men
with unilateral varicoceles. So the cause of elevated testicu-
lar temperatures, which intuitively would seem to be an
impaired countercurrent flow mechanism, is less clear [31].
Hormonal abnormalities are a similarly controversial area,
with no consistent hormonal changes associated with the
presence of a varicocele. Testosterone, SHBG, FSH, and LH
have all been examined, and different studies have produced
opposing results [17].

Cryptorchidism
Cryptorchidism is well known to affect fertility. The severity
of its effect on fertility is directly proportional to the severity
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of the cryptorchidism, with bilateral cryptorchidism having
more severe effects than unilateral, and with higher testes
having worse function than lower testes [32-35].

Similarly, orchidopexy has been shown to improve fertil-
ity, with the best results obtained with fixation at a young
age, especially prior to 1 year of age [36]. Fixation after age
10 may not improve fertility, or may improve it only mod-
estly, suggesting that permanent and progressive damage is
done to the testis while in an abnormal position, and this is
supported by histologic studies [37, 38]. Actual paternity
rates in men who underwent orchidopexy for unilateral cryp-
torchidism are 89%, slightly less than the non-cryptorchid
group, which had a 94% paternity rate. Bilaterally cryp-
torchid men post-orchidopexy had markedly lower paternity
rates, at 62% [34, 35].

The pathophysiology of the effects of cryptorchidism is
complex, with heat likely playing a partial but significant
role [39, 40]. A number of other factors are also likely to
come in to play, including the underlying genetics, hormonal
milieu, and environmental exposures which originally led to
the cryptorchidism [41-43].

Testicular Cancer

Testicular cancer is strongly associated with infertility. There
are multiple ways in which testicular cancer is related to and
can contribute to reduced fertility. Both testicular cancer and
impaired spermatogenesis may be related in their etiology of
embryologic testicular dysgenesis. The testicular dysgenesis
syndrome is a spectrum of disease that may involve cryp-
torchidism, hypospadias, decreased spermatogenesis, and
testis cancer. In this syndrome, it is thought that all of these
share an origin of abnormal fetal testis development. As a
result of this developmental anomaly, any number of these
manifestations may be present in a boy [44]. Testicular
tumors may also directly contribute to infertility by secret-
ing hormones, which can downregulate sperm production in
the contralateral testis [45—-48]. This is uncommon but has
been seen with Leydig and Sertoli cell tumors as well as
seminomas. Tumors may also directly disrupt spermatogen-
esis by mass effect or by the effects of the inflammatory
reaction to the tumor [49]. Cancer treatments may also
decrease fertility.

At presentation, roughly 10% of men will be azoosper-
mic, and roughly 50% will be oligospermic. While orchiec-
tomy will result in a rebound in semen parameters in roughly
90% of these men [50], further treatment with surgery, che-
motherapy, or radiation can further decrease fertility.

lonizing Radiation

Excellent data on the effects of ionizing radiation is available
from two similar studies, which are unlikely to be repeated.
Researchers in these studies prospectively irradiated the tes-
tes of prisoners with single or multiple doses of radiation up
to 600 cGy [51, 52]. Sperm counts were followed, and serial
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testicular biopsies were done. These studies showed that
sperm counts declined when testes were irradiated and that
decline was dose dependant. At low doses of ~7.5 cGy, a
mild decline of sperm counts was seen, and this decline
increased to severe oligospermia by 30-40 cGy and azoo-
spermia by 78 cGy. The time to recovery was also seen to be
dose dependant, with those receiving 20 cGy beginning to
have a recovery of sperm counts by 6 months, those with
100 cGy at 7 months, 200 cGy at 11 months, and 600 cGy at
24 months. The percent of men achieving a complete recov-
ery and time to achieve a complete recovery also declined
with increasing radiation doses.

Decline to the nadir of sperm counts was seen at roughly
64 days, corresponding roughly to the time required for
sperm cell production from spermatogonia. More rapid
declines were seen with higher radiation doses, indicating
increased damage to the more highly differentiated cells
undergoing spermatogenesis. Biopsy results from these stud-
ies showed that spermatogonia numbers nadired at much
lower levels with higher doses of radiation and that these
nadirs took longer to achieve than those which had received
lower doses of radiation.

These studies provide excellent information into the biol-
ogy of the effects of radiation on spermatogenesis on the
healthy young testis. Clinically, however, the effects we see
are often more pronounced given the setting of the radiation,
namely, cancer patientsundergoing radiotherapy. Fractionated
radiation has been shown to be more damaging than single
dose radiation [53]. One report showed that fractionated
radiation with a total dose of 200 cGy may cause permanent
azoospermia [54].

As would be expected, Leydig cells are more resistant to
radiation than the germinal epithelium [51]. Doses of 20 Gy
are known to cause declines in testosterone [55]. Doses on
the order of 2 Gy do not cause appreciable drops in testoster-
one [56].

Chemotherapy

Chemotherapy typically targets rapidly dividing cells and
thus has profound effects on the germinal epithelium. As
such, the expected outcome of acute chemotherapy is a
decline in spermatogenesis, and this has been well docu-
mented since the late 1940s [57]. The mechanism by which
chemotherapeutics decrease fertility and the rates of recov-
ery is both drug and dose dependent [58—61].

Bleomycin, etoposide, and cisplatin or carboplatin (BEP)
is the most commonly used chemotherapy regimen for tes-
ticular germ cell tumors. The decrease in fertility seen post-
BEP chemotherapy is likely the result of a direct reduction of
spermatogenesis and not as a result of any change in the hor-
monal milieu. Indeed, testosterone levels are not seen to be
significantly reduced at 12 months post-chemotherapy, and
FSH levels are appropriately elevated. FSH levels decline as
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spermatogenesis returns over the following 2—4 years [62].
It should be noted, however, that return of spermatogenesis is
not guaranteed. In patients who were normospermic prior to
chemotherapy, fewer than 4 cycles of BEP have not typically
been associated with high rates of permanent infertility [63].
However, high-dose BEP is associated with approximately a
50% of permanent infertility in one study [64]. Notably, even
in azoospermic men post-high dose BEP chemotherapy,
nests of spermatogenesis have been found on TESE [65].

Genetic Azoospermia/Oligospermia

It is estimated that 2-8% of infertile men have an underlying
genetic abnormality, with this number rising to 15% in
azoospermic men [66]. Although the majority of male
infertility does not have an identifiable genetic cause, two
potential etiologies are Y chromosome microdeletions and
karyotypic abnormalities. The two most common karyo-
typic abnormalities are Klinefelter’s (47,XXY) and chromo-
somal translocations.

Y chromosome microdeletions are a common cause of
these, occurring in 11-18% of azoospermic men and 4—14%
of oligospermic men [67]. Currently, research is focused on
the azoospermia factor (AZF) region on the long arm of the
Y chromosome at Yql1. This area itself contains three sepa-
rate regions, AZFa, AZFb, and AZFc, and microdeletions of
these areas lead to slightly different phenotypes [68].
Deletions in the AZFa and AZFb regions both cause azoo-
spermia, but histologically, they are different with AZFa
deletions resulting in Sertoli cell-only syndrome and AZFb
deletions causing an arrest of spermatogenesis at the primary
spermatocyte stage [66]. AZFc deletions are the most com-
mon of the Y chromosome microdeletions and are found in
5-7% of oligospermic men [68]. Unlike the AZFa/AZFb
deletions, they do not uniformly result in azoospermia;
rather, a spectrum of phenotypes are seen with partial dele-
tions being found in normospermic men, from oligospermia
to azoospermia in some full deletions [66]. In men undergo-
ing micro-TESE sperm extraction with azfC deletions, about
35% have sperm found successfully [69].

Classic and mosaic Klinefelter’s are common karyotypic
abnormalities found in infertile men. Klinefelter’s has a
prevalence of one in 660 males; thus, it is the most common
genetic cause of male infertility as 75-90% of men with
Klinefelter’s will be azoospermic, with some with mosaic
Klinefelter’s being mainly oligospermic [13, 70, 71]. Studies
which show higher prevalences of azoospermic men with
AZF deletions than Klinefelter’s are likely flawed by a selec-
tion bias as men with the obvious stigmata of Klinefelter’s
are not tested and included in these studies [72, 73].

As would be expected, Klinefelter’s has much broader
effects than Y chromosome microdeletions and affects fertil-
ity through two routes, direct effects on spermatogenesis
and indirect hormonal effects on spermatogenesis [13—15].
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As far as altered spermatogenesis is concerned, the majority
of Klinefelter’s patients actually do produce sperm, as is wit-
nessed by the 69% TESE sperm retrieval rates [74]; however,
the quantity of sperm produced is typically very low. Biopsy
studies of Klinefelter’s testes have demonstrated that sper-
matogenesis is halted pre-pachytene in the vast majority of
aneuploid cells and that meiosis was seen mainly in cells
with normal karyotypes [15].

Robertsonian translocations are a third significant genetic
cause of infertility. They occur in 0.8% of infertile men, and
this number rises to 1.6% in oligospermic men [75].
Phenotypes are highly variable given the possibilities of
recombination [66].

Environmental Factors

Hyperthermia is considered to be a major contributor in the
pathogenesis of infertility in men with varicocele and cryp-
torchidism. Many lifestyle factors also have the potential to
increase scrotal temperatures, including underwear type,
heated car seats, and occupational heat exposure. The role of
underwear style in male infertility has been investigated. One
small study of 14 normospermic men, a tight polyester scrotal
support, when worn day and night, was shown to make all
azoospermic at a mean time of 140 days. After removal of the
scrotal support, all men regained function at a mean time of
157 days [76]. However, normal underwear, i.e., boxer or brief
style, has not been shown to exert a significant influence on
semen parameters [77]. Other types of heat exposure, such as
occupational heat exposure in a group of welders, have been
shown to decrease semen quality [78]. Sedentary posture,
heated car seats, and sauna and hot tub use are all lifestyle fac-
tors that increase scrotal temperature as well and may contrib-
ute to a decline in fertility [79].

Recently, cell phones have been implicated as possibly
playing a role in decreasing male fertility, and several studies
show that there may be some basis for this. One observa-
tional study assessed semen parameters and cell phone usage
in 361 men who presented to an infertility clinic. Sixty per-
cent of the men in this study had greater than 2 h of cell
phone use per day, with 30% using their cell phones for more
than 4 h per day. They found that sperm counts, motility,
viability, and morphology all worsened with increasing cell
phone use [80]. The mechanism by which cell phones affect
semen parameters has not yet been elucidated, but one
hypothesis is that cell phone-generated electromagnetic radi-
ation (CPEMR) alters mitochondrial function and acts to
increase reactive oxygen species. This is somewhat corrobo-
rated by one study which looked at the effects of CPEMR on
semen parameters and found increased levels of reactive
oxygen species with decreased viability and motility in the
sperm exposed to CPEMR [81].

Tobacco use has been implicated in the pathogenesis of
numerous cancers and medical diseases. While the use of
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tobacco significantly impacts female fertility, its impact on
male fertility is less clear. Semen parameters, including
sperm density, motility, and morphology, have all been
shown to be worsened with tobacco use [§2-85]. However, a
significant reduction in fertility has not yet been proven.

Testicular Injury
Injury to the testicle can be sustained either directly or indi-
rectly. Direct trauma to the testis is typically managed by
debridement of devitalized seminiferous tubules and closure
of the tunica albuginea [86]. The resultant loss of volume of
seminiferous tubules and possible obstruction from scarring
is one possible cause of decreased fertility. Reports on tes-
ticular salvage after bilateral trauma indicated that preserved
volume of testis is the key to preserving fertility [86-91].
Indirect damage to the testis may be sustained by expo-
sure to infection or inflammation of the testis. The classic
infectious agent causing infertility is mumps. Orchitis occurs
in roughly 20% of postpubertal males with mumps [92] and
is bilateral in 30% of these. Of those postpubertal males with
bilateral mumps orchitis, 25% will have resultant infertility.
In other words, 1.5% of postpubertal males with mumps may
become infertile as a result of the disease. In nations where
immunization against mumps is common, this is a rare phe-
nomenon. The mechanism by which mumps causes orchitis
is via pressure atrophy. Infection of the testis with the mumps
virus causes inflammation and swelling, which is limited by
the tunica albuginea; this in turn leads to atrophy [93].
Other bacterial and viral pathogens may also cause infer-
tility at the testicular level, most commonly; this is the result
of spread of infection from the epididymis [94, 95]. The
mechanism for infertility in these cases may be persistent
inflammation which suppresses testicular function or obstruc-
tion secondary to resultant sclerosis.

Primary Ciliary Dyskinesia

Ultrastructural defects that affect sperm motility are described
under the grouping of primary ciliary dyskinesia (PCD).
PCD is a rare and heterogeneous genetic disease which
affects one in 20,000-60,000 [96]. Many components of cilia
and flagella are affected, though the defect is found in the
dynein in over 80% of cases [97]. The key clinical finding is
chronic respiratory infections leading to bronchiectasis.
When situs inversus is present in addition to the other com-
ponents, it is termed Kartagener’s syndrome. Male infertility
secondary to sperm dysmotility is related to the dysfunction
of the flagellate tail of the sperm. It is a common finding,
though not universal, and this is likely related to the hetero-
geneity of the genetics.

Sertoli Cell-Only Syndrome
Sertoli cell-only syndrome may be either primary or
secondary, and attempts have been made to distinguish



8

these histologically [98]. The primary form is hypothesized
to result from a lack of migration of the germ cells to the
seminiferous tubules during embryologic development. The
secondary form is due to a gonadotoxic insult to the testis
after birth. While the different etiologies of these would
intuitively suggest a higher likelihood of finding sperm in
biopsies of testes with secondary Sertoli cell-only syndrome,
this is not borne out in the literature [99].

Antisperm Antibodies
In the normal male, sperm reside in an immunoprivileged
site. The blood-testis barrier prevents proteins from the
sperm from interacting with the immune system and setting
up an immune reaction against them. Trauma, infection, and
inflammation all may disrupt this barrier and result in immu-
nity against the germinal epithelium and spermatozoa.
Antisperm antibodies (ASA) are very common, with
8—17% of men and 1-22% women in infertile couples testing
positive for serum ASA [100, 101]. As expected, ASA are
heterogeneous in their binding sites and, as such, have wide
ranging effects on sperm function. Some ASA will not
significantly affect fertility, and 0.9-2.5% of fertile men will
test positive for serum ASA [102, 103]. ASA targeted against
proteins on the head region are more likely to affect zona
binding and sperm penetration, whereas ASA targeted
against the tails of spermatozoa are more likely to decrease
motility and cervical mucus penetration and cause sperm
agglutination [104]. Antibody type also plays a significant
role in the degree of reduction of fertility. In a study of ASA
in men who had undergone vasectomy reversal, [gA ASA
were associated with a much more significant reduction in
fertility than IgG ASA [105]. While ASA clearly may affect
fertility in some cases, serum ASA positivity is not a strong
predictor of infertility.

DNA Damage

There are many etiologies of sperm DNA damage. Radiation,
toxins, genital tract inflammation, varicocele, advanced
paternal age, and testicular hyperthermia all induce significant
DNA damage [106, 107] and will be discussed at length else-
where in this book.

Post-testicular

Absence of the Vas Deferens

Congenital bilateral absence of the vas deferens (CBAVD) is
a condition strongly related to cystic fibrosis (CF) and has
even been considered as a diagnostic criterion for CF.
However, while current dogma states that nearly all patients
with CF have bilaterally absent vasa, there is little data to
support this. Indeed, two recent articles suggest that CBAVD
is present in half or less of CF patients. One series looking at
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children with CF who were undergoing inguinal hernia repair
reported only a 24% (6/25) rate of CBAVD [108]. A series of
20 adults with CF and a mean age around 30 years old had a
CBAVD rate of 55% [109]. In this latter series, only one man
had a semen analysis consistent with possible fertility, and
the more constant finding was atrophy of the seminal vesi-
cles, which was seen in 18/20.

Nevertheless, CBAVD is strongly associated to CF, and
the same genetics, mutation of the CFTR, are typically
responsible for both phenomenons [110]. So, while men with
CF do not necessarily have CBAVD, most men with CBAVD
do have a CFTR mutation [111-113]. The pathophysiology
of CBAVD thus clearly involves altered chloride transport in
the majority of cases, and, like the respiratory and pancreatic
sequelae seen with CF, there is evidence that the genital
abnormalities and pathology seen are a progressive disease.
Namely, intentionally aborted CF fetuses demonstrate nor-
mal vas deferens, albeit with secretions filling their lumens.
This suggests that the mechanism for CBAVD is atresia, and
not aplasia, when a CFTR mutation is present [114]. One
interesting sequela of this is that renal agenesis is not associ-
ated with CBAVD [115].

Congenital unilateral absence of the vas deferens
(CUAVD) is a different entity altogether [116]. While there
is still a significant rate of CFTR mutations in men with
CUAVD, especially when the obstructive azoospermia is
present [110], the majority of CUAVD is the result of an
embryologic Wolffian duct aberrancy [117]. As such, renal
agenesis is often seen with CUAVD, though CUAVD is not
always seen in men with unilateral renal agenesis, as there
are many other embryologic missteps that may occur to
result in renal agenesis. While there is only a 20% rate of
CUAVD seen in those with a unilateral renal agenesis, there
is a 79% rate of unilateral renal agenesis seen in men with
CUAVD. Since CUAVD not associated with a CFTR muta-
tion is usually a unilateral and isolated phenomenon, fertility
is often preserved.

Young’s Syndrome

Young’s syndrome is a rare disorder which presents clini-
cally as obstructive azoospermia and chronic sinopulmonary
infections [118]. Thus, it can be difficult to differentiate clin-
ically from cystic fibrosis variants and primary ciliary dyski-
nesia. Indeed, definitive diagnosis of Young’s syndrome
requires negative CFTR genetic testing as well as investiga-
tion of ciliary ultrastructure to rule out primary ciliary dyski-
nesia [119]. Normal spermatogenesis is seen, and the
obstructive azoospermia is due to inspissated secretions in
the vas deferens.

The etiology of Young’s syndrome is unclear with child-
hood mercury exposure having been postulated to play a role
in the past [120]. Interestingly, the incidence of Young’s syn-
drome has plummeted from estimates of one in 500 in the
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1980s down to case reports and articles which question the
existence of Young’s syndrome today [121]. The observation
that the reduced incidence over the last 50 years coincides
with a decrease in mercury use and poisoning is tempered by
the fact that our knowledge of genetics has rapidly advanced.
Thus, the decreased incidence of Young’s syndrome is more
likely due to the increased correct genetic diagnosis of CF
spectrum disease.

EjDO/Seminal Vesicle Dysfunction

Ejaculatory duct obstruction is a common etiology of male
infertility, occurring in 1-5% of men presenting with infertil-
ity [122]. There are many causes of ejaculatory duct obstruc-
tion, including cystic fibrosis spectrum disease, Wolffian or
Muellerian origin cysts, calcifications, tuberculosis and other
GU infections, calculi, and urinary tract instrumentation
[123, 124]. Additionally, chronic ejaculatory duct obstruc-
tion may affect the seminal vesicle in a manner analogous to
the effect of bladder outlet obstruction on the bladder.
Namely, with longstanding obstruction, the seminal vesicles
may lose contractility, and resolution of the anatomical
obstruction may not improve seminal vesicle emptying dur-
ing ejaculation. Seminal vesicle dysfunction may also be
seen in the absence of previous obstruction. This can be sec-
ondary to multiple sclerosis, diabetes, spinal cord injury or
other neurologic insult, and medications. One interesting
physical finding seen in 25-50% of men with spinal cord
injuries likely related to seminal vesicle dysfunction is brown
semen [125]. This brown coloration is not derived from heme
and is not related to semen stasis per se.

Vasectomy and Vasectomy Reversal

Vasectomy is a procedure that is intended to produce infertil-
ity, and it is successful in over 90% of cases [126]. Some of
the key determinants of success are related to aspects of sur-
gical technique. The main reason for a correctly performed
vasectomy to fail is recanalization of the vas deferens, a
finding that has been histologically verified [127, 128]. Some
debate remains as to which techniques provide the lowest
recanalization rates. The manner of ligating the ends, non-
ligation versus clipping versus suture ligation, length of vas
removed, as well as whether to fold vas ends are all contro-
versial [129, 130]. Two maneuvers which do seem to provide
significant benefits are luminal cauterization and fascial
interposition [131, 132].

Vasectomy reversal may be performed in an attempt to
return fertility to the sterilized man. The outcomes of vasec-
tomy reversal are dependent on a number of factors.
Surgical technique is one factor, with use of a microscope
significantly improving pregnancy rates over loupe-assisted
vasovasostomy [133]. Time elapsed since fertility also
plays a significant role with a 97% patency rate and 76%
pregnancy rate being achieved if surgery is performed at
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less than 3 years since vasectomy. Patency and pregnancy
rates decline as time elapses, with patency and pregnancy
rates of 79% and 44%, respectively, if the vasectomy was
between 9 and 14 years prior and 71% and 30% if greater
than 15 years elapsed [134]. Type of vasectomy reversal
also plays a role with vasoepididymostomy (VE) having
lower patency and pregnancy rates than vasovasostomy
(VV) [135]. Presence and type of antisperm antibodies also
may reduce fertility rates in men after vasectomy reversal
[105]. Sperm granulomas were previously thought to
decrease testicular pressure and so portend better vasec-
tomy reversal outcomes. Though better sperm quality has
been found in the vasa of men with sperm granulomas at
the time of surgery, patency and pregnancy rates are not
significantly different [134, 136]. Similarly, a testicular
vasal remnant of 2.7 cm or longer predicts finding whole
sperm in the vasal fluid [137], though research is not avail-
able as to its effect on patency and pregnancy rates. Though
repeat attempts at vasectomy reversal would intuitively
seem less likely to succeed, high success rates have been
reported with combined VV/VE patency rates of 89% and
pregnancy rates of 58% if the interval of obstruction was
less than 10 years [138].

Nerve Injury

Nervous injury affecting ejaculation may occur at many lev-
els and have a diverse etiology ranging from spinal cord
injury to neural damage during retroperitoneal or pelvic sur-
gery to neuropathy from systemic diseases. Ejaculatory dys-
function is present in 90% of spinal cord injury patients
[139]. The type and severity of ejaculatory dysfunction are
dependent on the level and extent of the injury. Higher cord
lesions often result in an intact reflex arc which allows for
penile vibratory stimulation to induce ejaculation. Men with
sacral lesions or lesions of the efferent parasympathetic
nerves are often not responsive to penile vibratory stimula-
tion and may require endorectal electrical stimulation to
induce ejaculation [140].

Retroperitoneal lymph node dissection (RPLND) for tes-
ticular cancer resulted in a high rate of ejaculatory dysfunc-
tion until the development of methods to spare the
sympathetic nerve fibers. Both emission and bladder neck
contraction are mediated by the sympathetic nervous sys-
tem, and damage to the sympathetic chain and the hypogas-
tric plexus overlying the great vessels results in a high degree
of ejaculatory dysfunction. In the past, RPLND was associ-
ated with a 55-60% chance of ejaculatory dysfunction [141,
142]. Modified templates have helped to reduce the rates of
retrograde ejaculation, with one study demonstrating an
82% rate of antegrade ejaculation with a modified unilateral
template [143]. Another study using a modified bilateral
template demonstrated an 88% rate of preservation of antegrade
ejaculation [144].



Nerve sparing RPLND, developed in the late 1980s, has
reduced the incidence of retrograde ejaculation even further
to 0-7% [145, 146]. Nerve sparing RPLND may also be
done after chemotherapy, though only 136 of 341 men
qualified for this as compared to standard RPLND in one
series [147]. Rates of ejaculatory dysfunction were also
higher at 21%.

Medications
Medications affecting ejaculation do so by altering adrener-
gic signaling. This is most clearly seen with alpha-1 antago-
nists. Tamsulosin and silodosin, especially, are known to
cause ejaculatory dysfunction [148, 149]. Previously, this
was thought to be retrograde ejaculation. Recent studies have
shown that the ejaculatory dysfunction induced by alpha-1
antagonists is actually a failure of emission [150, 151].
Antipsychotics have long been associated with sexual dys-
function, including ejaculatory dysfunction. Antipsychotics
have effects on many different neurotransmitters including
dopamine, norepinephrine, acetylcholine, and serotonin.
Predictably, altered ejaculatory function with antipsychotics
use correlates with anti-adrenergic actions of the antipsychot-
ics [152]. Even atypical antipsychotics like risperidone may
affect ejaculation [153, 154].

Resection of the Prostate

Surgery of the prostate is well known to cause retrograde
ejaculation. Transurethral resection of the prostate as well as
the laser photovaporization and enucleation all have a high
likelihood of inducing retrograde ejaculation since removal
of the proximal prostatic urethra severely diminishes the
resistance to backflow of semen.

Coital

Abnormal coital practices may play a role in infertility when
they interfere with semen deposition in the vagina or affect
their timing with the female reproductive cycle. Similarly,
erectile dysfunction and penile abnormalities such as hypos-
padias and chordee may interfere with semen deposition and
thus may play a role in infertility.

Lubricants are commonly used by infertile couples, and
many vaginal lubricants have been shown to negatively affect
fertility. Many synthetic lubricants not only affect sperm
motility but have also been shown to increase the DNA frag-
mentation index. In one study, FemGlide, Replens, and
Astroglide all affected sperm motility, and FemGlide and
K-Y jelly increased DNA fragmentation. One lubricant that
has not been shown to have a significant impact on sperm
motility or DNA fragmentation is Pre-Seed [155]. Another
study showed similar findings with decreased motility in
sperm exposed to K-Y jelly and Touch. Non-viability was
seen in sperm exposed to Replens and Astroglide which was
comparable to the non-viability seen when sperm were
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exposed to the spermicide nonoxylnol-9 [156]. In this study,
canola oil was not found to affect sperm motility or viability.
Yet another study showed that K-Y jelly, saliva, and olive oil
all reduced sperm motility, while baby oil did not significantly
affect motility [157].

Expert Commentary

This chapter has described the pre-testicular, testicular, and
post-testicular spectrum of conditions known to affect male
fertility. Many of the listed causes stem from or are subject
to further degradation from reactive oxygen species. Pre-
testicular causes often alter the normal hormonal milieu for
sperm development, providing a suboptimal environment for
sperm and perhaps a greater exposure or sensitivity to free
radical damage. Testicular causes of infertility such as radia-
tion, toxins, genital tract inflammation, varicocele, and tes-
ticular hyperthermia all induce significant DNA damage and
thus increase reactive oxygen species. Finally, post-testicular
causes of male infertility often affect sperm transit time,
increasing likelihood of free radical damage of sperm.
Despite our understanding of many of the conditions leading
to male infertility, idiopathic infertility still comprises a large
portion of the men evaluated for problems with reproduc-
tion. The proportion of idiopathic infertility will likely
decrease with further understanding of the role of reactive
oxygen species and clarification of the role of DNA integrity
assays.

The male partners of all couples presenting with infertility
must be examined and evaluated. Infertility itself is an inde-
pendent risk factor for testicular cancer and genetic disease.
Indeed, men of reproductive years often forego visiting phy-
sicians, and the infertility visit offers a viable platform for
general health screening and recommendations. It must be
remembered that the majority of the causes of male infertil-
ity are either preventable or treatable. Treatment success
goes beyond simply harvesting sperm for assisted reproduc-
tive techniques. Facilitating pregnancy through intrauterine
insemination with varicocele repair should be viewed with
the same regard as facilitating natural pregnancy with vasec-
tomy reversal. Finally, the importance of sperm banking can-
not be understated, as cryopreservation of reproductive tissue
prior to reproductive insult from chemotherapy or surgery is
simple and often is the only chance of preserving future
fertility.

Five-Year View
Although details and further understanding of some of the

causes of male fertility conditions of male described have
been elucidated in recent years, previous and future chapters
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in reproductive textbooks are and will be very similar to
this one. However, the development and refinement of
DNA integrity tests and determination of the relative impor-
tance of reactive oxygen species will likely obviate the
need for male infertility evaluation. For example, if varico-
cele repair is definitively proven to reduce DNA damage to
sperm, and decreased DNA damage to sperm is definitively
proven to improve success rates with assisted reproductive
techniques, referral from female fertility specialists will
likely increase. Additional public and provider education
on the rationale for male infertility referral and messages
on the need for sperm banking will also increase the need
for specialists knowledgeable in the causes and treatment
of male infertility. This in itself may bring challenges
because in relation to female assisted reproductive technol-
ogy centers, large areas are greatly underserved by male
fertility specialists [158].

Key Issues

e The majority of the causes of male infertility are either
preventable or treatable.

e Male infertility is an independent risk factor for testicular
cancer and genetic diseases.

e Sperm banking should be utilized liberally prior to poten-
tial gonadotoxic exposure.

e Pre-testicular causes of male infertility exert their nega-
tive effect via imbalances in the hormonal milieu of sperm
production. Sexual function is also negatively impacted
with effects seen at the level of erectile function, ejacula-
tory function, and sexual desire.

* Medications can negatively impact pre-testicular, testicu-
lar, and post-testicular function.

e Varicocele is the most common cause of male infertility.

 For fertility potential, cryptorchidism is best treated early,
especially if bilateral.

e After testicular trauma, fertility is most dependent on
operative testicular volume preservation.

* Severe oligospermia or azoospermia requires genetic
screening, given their high associated prevalence of
Klinefelter’s syndrome, karyotypic abnormalities, and
microdeletion of the Y chromosome.

* CBAVD is not always seen with cystic fibrosis; evaluation
for renal agenesis in CUAVD is essential.

e Many testicular causes of male infertility (radiation, tox-
ins, environmental factors, genital tract inflammation,
varicocele, testicular hyperthermia) lead directly to sperm
DNA damage.

e Several post-testicular causes of male infertility stem
from surgery.
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Laboratory Evaluation for Male Infertility

Ryan Mori and Edmund Sabanegh Jr.

Abstract

The diagnosis and treatment options for male infertility have recently undergone a sea of
change as advancements in technology and understanding in the fields of molecular biol-
ogy, genetics, and laboratory medicine have grown. Further, advancements in assisted
reproductive technologies (ART) have rendered previously subfertile and infertile couples
with various options for pregnancy. Such changes in the understanding and treatment of
fertility and infertility have necessitated a much more detailed assessment of the couple
presenting with infertility. At the basis of this assessment is a sophisticated and method-
ological evaluation of male factor infertility including laboratory assessment of urine,
serum, and semen, as well as radiological and genetic studies.
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The diagnosis and treatment options for male infertility have
recently undergone a sea of change as advancements in tech-
nology and understanding in the fields of molecular biology,
genetics, and laboratory medicine have grown. Further,
advancements in assisted reproductive technologies (ART)
have rendered previously subfertile and infertile couples
with various options for pregnancy. Such changes in the
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understanding and treatment of fertility and infertility have
necessitated a much more detailed assessment of the couple
presenting with infertility. At the basis of this assessment is
a sophisticated and methodological evaluation of male factor
infertility including laboratory assessment of urine, serum,
and semen, as well as radiological and genetic studies.

Conception requires a balanced coordination between the
endocrinologic and reproductive systems of both the male
and the female partners. Studies in normal individuals dem-
onstrate that within 1 year of unprotected intercourse,
60-75% of couples will achieve conception, whereas 90%
will achieve conception after 1 year [1]. Based on such stud-
ies, the currently accepted definition of infertility by the
American Society for Reproductive Medicine (ASRM) is the
absence of conception after 12 months of regular, unpro-
tected intercourse [2].

The workup and diagnosis of infertility is unique in medi-
cine in that it involves multiple organ systems of two indi-
viduals. Pathology is often difficult to isolate given this
complexity. Isolated male factor has been shown to be caus-
ative in 20% of infertility cases and is a contributing factor in
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conjunction with female factor pathology in an additional
30% of cases [3]. These estimates have changed little over
time despite great diagnostic advancements [4, 5].

A workup of couples presenting for evaluation of failure
to conceive after 12 months of unprotected intercourse
should consist of concurrent male and female partner evalu-
ation. Further, as recommended by the practice committees
of both the American Urological Association (AUA) and the
ASRM, workup for infertility should be started earlier than
12 months in the setting of (1) male risk factors for infertil-
ity, (2) advanced maternal age (>35y), or (3) there is concern
about male factor infertility [2]. The initial workup of the
male partner should be basic, methodological, and cost-
effective. Isolated pathology should be isolated and treated
when possible given the high cost of ART. The initial evalu-
ation of the male may suggest the need to proceed with more
costly advanced testing. Many treatments of male factor
infertility and subfertility allow pregnancy using the patient’s
own sperm with or without ART. Options for uncorrectable
causes of male factor infertility include donor sperm insemi-
nation in a healthy female partner as well as adoption.

Clinical and Laboratory Evaluation
of Male Factor Infertility

Initial Evaluation of Male Factor Infertility

The initial evaluation of a male presenting with infertility
mandates a thorough general history, physical exam, and
review of systems as well as a focused and targeted repro-
ductive history and physical exam. A plethora of general
medical conditions may contribute to infertility or altered
sexual function and may be undiagnosed prior to urological
evaluation (Table 2.1). Up to 1.3% of men undergoing evalu-
ation for infertility are diagnosed with a significant and
potentially life-threatening general medical condition [6].
Basic laboratory testing is a critical component of the initial
evaluation of male factor and includes urinalysis, basic
semen analysis, and a routine serum hormone analysis. Data
from the initial evaluation will guide more advanced testing
in infertility and should proceed in a methodological and
cost-effective fashion.

History and Review of Systems

A complete medical history is important to obtain as a vari-
ety of medical conditions can contribute to abnormal fertility
and sexual function in the male, as detailed in Table 2.1.
Recent acute systemic illness such as viremia or fever should
be noted. The human spermatogenesis cycle has a length of
64 days with an additional 5-10 days needed for epididymal
sperm transit [7-9]. Thus, any insult to spermatogenesis such

R. Mori and E. Sabanegh Jr.

Table 2.1 Pertinent components of the history for male infertility
evaluation

Past medical history
e Infertility
Previous conceptions
Duration
Previous evaluations/treatments
Female partner fertility status: previous conceptions/outcomes,
evaluation, previous treatments

e Sexual
Erectile/ejaculatory function
Lubrications
Intercourse timing/knowledge

e Childhood
Infectious: mumps orchitis, sexually transmitted infections/
urethritis
Trauma: groin/testicular trauma, torsion, prior inguinal surgery
Onset of puberty

e Adult
General/systemic: obesity, hypertension
Metabolic/endocrinologic: DM, metabolic syndrome, thyroid
function
Infectious: sexually transmitted infections/urethritis, urinary tract
infections, epididymo-orchitis/prostatitis
Neoplasms: treatments (radiation, chemotherapy)
Neurological: spinal cord, MS
Trauma: testicular, CNS/PNS

Past surgical history

¢ Inguinal: orchidopexy, herniorrhaphy

* Pelvic/retroperitoneal: prostate, bladder/bladder neck, RPLND
e Scrotal: vasectomy, hydrocele

Social history

* Environmental/occupational exposures

* Tobacco use

* Alcohol use

* Recreational drugs: marijuana, cocaine, anabolic steroids
Family history

e Chromosomal abnormalities: Klinefelter’s syndrome

e Infertility

e Cystic fibrosis

Medications

* Ejaculatory dysfunction: antihypertensives, alpha-blockers
* Erectile dysfunction: antidepressants, psychotropics

* Hypogonadism: anabolic steroids

e Spermatogenesis: antibiotics

as a febrile illness may not be manifested for 2-3 months in
semen analysis. In addition, medical conditions such as
diabetes mellitus, hypertension, diseases of the thyroid, cer-
tain neoplasms, and diseases of the central and peripheral
nervous systems may have substantial impact on fertility,
erectile or ejaculatory function.

A reproductive history should focus on identification of
primary versus secondary infertility, details of prior concep-
tions of both partners, previous fertility treatments, and evalu-
ation of libido, erectile function, and ejaculatory function.
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Primary infertility is by definition the absence of previous
conception, whereas secondary infertility represents concep-
tion in the past with the current or previous partner. A sexual
history should be addressed and include timing and frequency
of coitus. As sperm survive within cervical mucus for 2-5 days
[10], optimal timing of intercourse is at least every 48 h during
the periovulatory period [11]. Commercially available ovula-
tion prediction kits aid the couple in determining accurate time
of ovulation. Attention should also be paid to types of lubri-
cants used as many commercially available sexual lubricants
have been shown to adversely affect sperm quality [12, 13].

Attention should be paid to the past medical history of the
patient as well as a number of childhood diseases and condi-
tions which may adversely affect future fertility including
but not limited to mumps orchitis, cryptorchidism, testicular
torsion or trauma, and previous inguinal surgery. Studies
suggest that paternity rates for unilateral cryptorchidism are
only slightly decreased, but significantly reduced in cases of
bilateral cryptorchidism [14]. Controversy exists regarding
future sperm quality and paternity after orchidopexy. The
timing of the onset of puberty should be assessed as either
delayed or precocious puberty may be indicative of underly-
ing endocrinologic abnormalities.

A thorough review of systems and family medical history
can identify genetic diseases which may affect fertility
including Klinefelter’s syndrome, Kallmann syndrome, and
cystic fibrosis. The existence of male siblings with infertility
may suggest Y chromosome microdeletions or other chro-
mosomal abnormalities, although most genetic diseases
present as de novo rather than inherited mutations. Cystic
fibrosis (CF) is associated with congenital absence of the vas
deferens bilaterally (CBAVD). Genetic causes of infertility
can be transmissible, especially with the advent of ART.
With the growing use of ART, we can expect the incidence of
genetically derived infertility to increase in the future.

Past surgical history should focus on surgery involving
the male genitourinary tract, the retroperitoneum, or the
inguinal region as such surgeries can be associated with ejac-
ulatory dysfunction or obstruction or erectile dysfunction.
Previous exposure to ionizing radiation should be noted as
this has been shown to affect sperm quality. Social history
should identify any hazardous occupational exposures as
well as ingestion of potentially gonadotoxic substances
including ETOH, tobacco, marijuana, and other recreational
drugs. Use of anabolic steroids or other performance-enhanc-
ing drugs should be assessed in appropriate patient popula-
tions. A review of medications is valuable and should include
both prescribed substances as well as over-the-counter and
herbal substances. Specific attention should be given to med-
ications that can lead to impaired ejaculation (alpha-blockers,
antihypertensives) or sexual dysfunction (antidepressants,
antipsychotic agents).

Physical Examination

The physical examination consists of a general examination
as well as a detailed genital examination. The general overall
appearance and degree of virilization can offer clues about
possibly androgen deficiency. Assessment of body habitus,
hair growth patterns, and gynecomastia should be noted and
may suggest underlying endocrinological or hormonal abnor-
malities. A man with a history of primary infertility present-
ing with disproportionately long extremities and low volume
testes is highly suggestive of Klinefelter’s syndrome.

The genital exam includes a thorough evaluation of the
phallus and testes as well as the paratesticular structures. The
phallus should be evaluated for potential causes of altered
deposition of ejaculate including penile curvature, hypospa-
dias, or meatal stenosis. The testes should be examined in
both the supine and standing positions. The exam is often
facilitated by warming of the scrotum via either room tem-
perature or a scrotal warming pack to prevent retraction of
the testes from the cremasteric reflex. The testes should be
palpated for masses, and attention should be paid to the vol-
ume of the testis and any discrepancies in symmetry. Normal
adult testis volume should be at least 20 cm?®, or 4x3 cm
[15], and an orchidometer or calipers can assist in measure-
ment. Enlargement or tenderness of the epididymides may
suggest obstruction or inflammation. The spermatic cord
should be evaluated with the patient in the upright position to
aid in identification of abnormally dilated spermatic veins,
which by definition is a varicocele. Classically, a prominent
varicocele is described as having a “bag of worms” feel on
physical exam. Examination during a Valsalva maneuver is
required to correctly grade the varicocele if present. A grade
I varicocele is only detectable during the Valsalva maneuver.
Grade 1II varicoceles are palpable without Valsalva maneu-
ver, and grade III varicoceles are visible through the scrotal
skin. Varicoceles are common findings, present in up to 15%
of normal males. In men presenting for evaluation of infer-
tility, 19—-41% have been shown to have varicoceles.
Ninety percent of unilateral varicoceles are left sided,
thought to be secondary to the more acute insertion of the left
gonadal vein into the renal vein. An isolated moderate to
severe unilateral right varicocele raises suspicion of a retro-
peritoneal process obstructing the insertion of the gonadal
vein more proximally such as a retroperitoneal mass or large
renal mass with a vein thrombus.

During examination of the spermatic cord, the vas defer-
ens should be palpated. Absence of the vas deferens raises
suspicion of genetic causes of infertility, such as mutation in
cystic fibrosis transmembrane regulator gene (CFTR). The
prostate should be palpated for midline cysts, or Mullerian
duct cysts, which can be associated with ejaculatory duct
obstruction. The seminal vesicles are not normally palpable,
but may be in the setting of obstruction.
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Table 2.2 Comparison of 1999 and 2010 WHO normal reference values
for semen parameters

Normal values: 2010 WHO lower reference

Semen parameter 1999 WHO limit (5th centile +95% CI)
Semen volume (mL) 2-6 1.5 (1.4-1.7)
Total motility 50+ 40 (38-42)
PR+NP (%)

Progressive motility 25+ 32 (31-34)
PR (%)

Vitality (% live 50+ 58 (55-63)
spermatozoa)

Sperm number >40 39 (33-46)
(106 sperm/

ejaculate)

Sperm concentration 20 15 (12-16)
(10 sperm/mL)

Morphology >30 4 (3.04.0)
(% normal)

Data from World Health Organization. WHO Laboratory Manual for
the Examination of Human Semen and Sperm-Cervical Mucus
Interaction, 1999; World Health Organization, Department of
Reproductive Health and Research. WHO Laboratory Manual for the
Examination and Processing of Human Semen, 5th edn. 2010; Cooper
TG, Noonan E, von Eckardstein S, et al. World Health Organization
reference values for human semen characteristics. Hum Reprod Update.
2010;16(3):231-45

Laboratory Evaluation of Male Factor Infertility

Basic Testing

The initial assessment of a man presenting for an evaluation
of male factor infertility should include a basic laboratory
assessment of the semen. Further testing such as serum endo-
crine assays or genetic tests is suggested and guided by the
results of the physical and laboratory evaluations.

Semen Analysis. A semen analysis is a critical component of
the initial workup of male infertility. It can offer great insight
into the etiology of infertility or subfertility; however, it
serves as a surrogate rather than a true measure of fertility.
An abnormal semen analysis can yield a viable pregnancy,
and normal semen parameters can be associated with failure
to conceive. As few as 15% of men presenting with infertility
have currently recognizable abnormalities on semen analysis
[16]. Table 2.2 reports a distribution of abnormalities in
semen analyses in men presenting for infertility evaluation,
and Table 2.3 lists the currently accepted nomenclature of
diagnoses set forth by the World Health Organization (WHO).
Beyond just the appearance of semen and spermatozoa
microscopically, it is often necessary to obtain functional
studies of sperm to assess the true fertilizing potential.
In addition, guided by the basic semen analysis, more
advanced testing may be needed and will be explored in
greater depth below.
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Table 2.3 WHO nomenclature related to semen quality

Aspermia
Asthenospermia

No semen
<32% Progressively motile spermatozoa

Asthenoteratospermia Percentages of both progressively motile
and morphologically normal spermato-
zoa below the reference limits

Azoospermia No spermatozoa present in the ejaculate

Cryptozoospermia Spermatozoa not found in fresh
preparations but found in centrifuged
pellet

Hematospermia Erythrocytes in ejaculate

Leukospermia Presence of leukocytes in
ejaculate > threshold (1 mil/cm?)

Necrospermia Low percentage of live and high
percentage of immotile spermatozoa in
ejaculate

Normozoospermia Within normal limits for spermatozoa
number and motility

Oligoasthenospermia Total number of spermatozoa and

percentage of progressively motile
spermatozoa below lower reference limits

Oligoasthenoteratospermia Total number of, percentage of progres-
sively motile, and percentage of
morphologically normal spermatozoa

below the lower reference limits

Oligoteratospermia Total number of and percentage of
progressively motile spermatozoa below
the lower reference limits

Oligospermia Total number of spermatozoa below the
lower reference limit

Teratospermia Percentage of morphologically normal

spermatozoa below the reference limit

Adapted from Appendix 1 Reference values and semen nomenclature.
WHO Laboratory manual for the Examination and Processing of Human
Semen, 5th edn. 2010, with permission

Evaluation of Basic Semen Analyses

Collection. Prior to analysis, semen must be properly col-
lected into a sterile container. Sperm count and semen vol-
ume are variable from day to day; thus, it is essential to
evaluate at least 2 samples to characterize baseline data for a
patient [17]. Semen parameters and ejaculate volume can
also vary widely based on the frequency of ejaculation, and
it is currently recommended that a period of 2-5 days of
ejaculatory abstinence precede sample collection. This
period of abstinence should remain a constant with further
semen samples to maintain comparability.

Optimally, the sample should be collected via self-stimu-
lation in a private room near the laboratory to reduce the time
between collection and analysis and to ensure constant tem-
perature of the specimen. Lubricants should be avoided if
possible as they may lead to altered sperm motility. The
semen sample should be complete, and the man should be
cautioned to collect all fractions of the ejaculate, as the first
fraction contains sperm-rich prostatic fluids [18]. Coitus
interruptus should be avoided as this first fraction is often
loss. Semen collection devices that are free of spermicidal
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Table 2.4 Components of the macroscopic semen assessment

Macroscopic variable Normal quality

Liquefaction Homogenous, <60 min
Appearance Homogenous, gray opalescent
Viscosity Thread<2 cm

Volume >1.5mL

pH >7.2

lubricants are less than ideal, but may be necessary if the
patient has barriers to conventional collection methods.
Semen should be analyzed within 1 h of collection to prevent
alteration in semen parameters secondary to delayed analy-
sis. Patients unable to provide a sample on location should be
instructed to bring the sample to the lab at a constant tem-
perature near body temperature for analysis within 1 h.

Some patients will be unable to provide a semen sample
due to erectile or ejaculatory dysfunction and may require
oral or intracavernosal injection therapy to produce a speci-
men. Discussion of such techniques is beyond the scope of
this chapter.

Macroscopic Assessment. Semen analysis begins with a mac-
roscopic assessment after liquefaction occurs. The time to
liquefaction should be noted and considered abnormal if
greater than 60 min. The five macroscopic variables are semen
volume, viscosity, color, coagulation, and pH (Table 2.4).

The semen volume is best measured by weight, but can
also be measured directly. The volume of the ejaculate is
supplied mainly by the seminal vesicles and prostate gland,
with some contribution from the bulbourethral glands and
the epididymides. The viscosity can be measured by drawing
the sample into a wide-bore 1.5-mm pipette and letting the
semen drop. A thread length of greater than 2 cm is abnor-
mally viscous. While viscosity is a consistently measured
parameter, the significance of an abnormal assessment is
controversial with many experts discounting the importance
of this finding. A normal liquefied semen sample is described
as homogenous and gray opalescent in color. Seminal pH
results from the balance of acidic prostatic secretion and
alkaline seminal vesicular secretions. This principle can be
clinically valuable in the setting of low semen volume and
abnormal pH, as the location of obstruction can be logically
deduced to be at the level of the ejaculatory duct.

Microscopic Assessment. A wet prep of the semen next
examined under light microscopic magnification. A basic
microscopic semen analysis assesses agglutination/aggrega-
tion, sperm count, motility, morphology, and presence of
non-sperm cells. The World Health Organization has set
forth “normal” reference ranges for each of the above semen
parameters. There has been some lack of consensus as to the
utility and applicability of previously accepted lower limits
of normal. The lower reference values have been recently
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Table 2.5 Distribution of semen analysis parameters in men present-
ing for initial evaluation of infertility

Semen parameter Incidence (%)

Any abnormality 37
Motility 26
Asthenospermia 24
Oligospermia 8
Agglutination 2
Volume 2
Morphology 1
Azoospermia 8

Normal semen analysis 55

From Lipshultz L. Subfertility. In: Kaufman JJ, editor. Current urologic
therapy. Philadelphia: WB Saunders. 1980, with permission of
Elsevier

updated based on analysis of semen samples of men with

proven fertility and time to pregnancy less than 12 months

[19]. Distributions of semen parameters across these men

were obtained using standardized WHO laboratory criteria,

and the lower reference limit, taken as the 5th centile, is pre-
sented in comparison with previous lower limits from the

1999 WHO criteria [20] in Table 2.5.

e Sperm aggregation and agglutination: Semen is first ana-
lyzed as a wet prep specimen. Agglutination or clumping
of spermatozoa with either sperm or non-sperm semen
elements is noted as well as site of binding (head to head,
tail to tail, or mixed fashion). Though some degree of
sperm agglutination is considered normal, more consider-
able amounts could represent the presence of antisperm
antibodies (ASA) [21]. Aggregation refers to the clump-
ing together of nonmotile spermatozoa. The presence of
agglutination may also be suggestive of ASA. Sperm
agglutination with non-sperm semen elements may occur
in the presence of infection. Thus, the presence of agglu-
tination on microscopic assessment should trigger further
testing with seminal white blood cell assessment and anti-
sperm antibody measurement.

e Motility: The degree of progressive sperm motility is
related to pregnancy rates [22]. Sperm are classified as
either being motile or immotile. Further, motile sperm are
assessed for their degree of progressive motility.
Movement is considered progressively motile (PR) if the
spermatozoa is moving actively either linearly or in a
large circle. Nonprogressive motility (NP) refers to motion
with absence of progression such as movement in small
circles. Total motility (PR +NP) and progressive motility
(PR) are reported in the basic semen analysis as percent-
ages of total sperm. Complete absence of motility may
be suggestive of ultrastructural cilia abnormalities such
as Kallmann syndrome as well as necrospermia. Necros-
permia is assessed via sperm vitality testing as detailed
below.
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e Sperm vitality: Sperm vitality is measured as a function
of the membrane integrity of sperm cells and is expressed
as a percentage of total sperm. This measurement is espe-
cially important when a large number of immotile sperm
are present in order to rule out necrospermia [16]. The 2
methods commonly employed to assess the integrity of
the cell membrane are the dye exclusion test and hypo-
tonic swelling. The dye exclusion test is based on the
principle that an intact membrane will not take in dye. In
the latter test, a hypotonic solution is utilized, and sper-
matozoa with intact membrane swell within 5 min. This
test is particularly useful if viable sperm are being
identified for use in ICSI. Recently published lower refer-
ence limit for sperm vitality is 58% which is in agreement
with previous assessments [19].

e Sperm count and concentration: Of paramount impor-
tance in the evaluation of male factor infertility is the
presence of sperm in the ejaculate. Azoospermia, or the
absence of sperm in the ejaculate, may occur from ejacu-
latory dysfunction, obstruction of the reproductive tract,
or as a result of abnormal sperm production. Both the
number of sperm per ejaculate and the sperm concentra-
tion have been correlated with both time to pregnancy and
pregnancy rates [23]. Sperm concentration is directly
measured and expressed in terms of millions per millili-
ter, whereas total sperm number is a calculated value
based on semen volume and concentration. The total
number of spermatozoa in the ejaculate has been corre-
lated with testis volume; however, the concentration is
heavily influenced by the volume of the glandular secre-
tions. The normal sperm concentration is commonly
accepted as>20 million sperm per mL semen based on
the 1999 WHO cutoff [20]. However, according to this
threshold, 20% of 18-year-old males would be classified
as oligospermic [24]. As demonstrated in Table 2.5, more
recent data by the WHO sets the lower reference limit of
sperm concentration to 15 million/mL in a population of
fertile men [19]. Oligospermia is still commonly accepted
by definition as a sperm concentration of less than 20 mil-
lion sperm per mL. For an exhaustive list of current WHO
infertility nomenclature and definition, refer to Table 2.3.

* Non-sperm cells: The number of non-sperm cells present
in a semen sample should be estimated and may have
implications regarding underlying pathology. The most
commonly encountered non-sperm cells in semen are epi-
thelial cells, immature germ cells, and leukocytes [25].
The latter two cell types are referred to collectively as
round cells due to their appearance microscopically and
are not easily differentiated by microscopy alone. If the
estimated round cell concentration exceeds 1 x 10%mL,
then further testing should be done to assess the nature of
the cell types. This is most reliably done by using immu-
nohistochemistry to stain for specific leukocyte markers.
However, the Endtz test allows a cost-effective method of

R. Mori and E. Sabanegh Jr.

identifying leukocytes by measuring peroxidase enzyme

activity visualized with orthotoluidine dye [26]. The pres-

ence of leukocytes in semen may have detrimental effects
on semen quality including reductions in sperm motility
and DNA integrity [27, 28] as well as elevations in semi-

nal reactive oxygen species [29].

e Sperm morphology: Sperm cells by nature have varying
morphologies during maturation. Assessment is operator
dependent and thus more subjective than other compo-
nents of the basic semen analysis. Studies of sperm taken
from postcoital cervical mucus or zona pellucida offer
insight about the morphology of sperm with fertilizing
potential [30-32]. Multiple classification schemata exist,
but the currently most widely used are the WHO criteria
and Kruger’s strict criteria. Kruger and colleagues dem-
onstrated that in men with sperm concentrations greater
than 20 million sperm per mL and greater than 30% motil-
ity, fertilization rates were significantly higher for those
men with greater than 14% normal sperm by the rigid cri-
teria [13]. By WHO criteria, teratospermia represents less
than 15% of sperm with normal morphology [20]. There
remains substantial controversy regarding the predictive
implications of abnormal morphology on assisted repro-
ductive outcomes with both intrauterine insemination and
intracytoplasmic sperm injection.

Normal spermatozoa consist of a head, midpiece, and a
tailpiece (Fig. 2.1). A spermatozoa must have both a normal
head and tail to be considered morphologically normal. The
head should be a smooth ovoid shape with a well-defined
acrosomal region (more lightly stained region) comprising
about 40-70% of the head volume and containing no large
vacuoles. The head should taper into a midpiece aligned
along the same axis of the head. The tail should be of uniform
caliber and approximately 10 times the length of the head.
Looping of the tail is acceptable, but any sharp abnormalities
are abnormal. Excess residual cytoplasm is also a morpho-
logic abnormality. Common abnormalities of spermatozoa
head, midpiece, and tail are demonstrated in Fig. 2.1.

Abnormal sperm morphology is commonly seen with
defective spermatogenesis or with certain epididymal pathol-
ogies. They generally have less fertilizing potential and have
been linked with increased DNA fragmentation [33] and
chromosomal abnormalities [34].

All intact spermatozoa per area surveyed should be
assessed, and the percentage of normal sperm should be
recorded. Recently updated lower reference limits for nor-
mal forms in fertile men is 4% by strict criteria [19, 21],
which is considerably lower than the previously accepted
reference range. Some spermatozoa may have multiple
defects; thus, percentages of specific defects should be based
on total sperm count.

Computer-Assisted Semen Analysis (CASA). With advances
in technology, it is now feasible to measure sperm motility,
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Fig. 2.1 Sperm morphology (Kruger Strict Criteria)

kinematics, and concentration using computer-aided sperm
analysis (CASA). The potential advantages over more tradi-
tional methods are its precision and ability to quantify the
kinematic properties of the spermatozoa. At present, this
technology requires costly equipment and training and is
more commonly a tool used in research settings rather than
basic pathology laboratories.

Functional Sperm Testing

The fertilizing potential of a sperm cell cannot always be
inferred from a basic semen analysis. Functional sperm tests
assess various processes in the normal fertilization cycle to
include sperm transit, penetration of the zona pellucida of
the oocyte, and, ultimately, fertilization. Sperm-mucous
interaction can be assessed by a cervical mucus migration
assay where the rate of sperm transit through mucous is mea-
sured. The sperm penetration assay (SPA) measures the abil-
ity of a human sperm to penetrate a specially prepared
hamster egg that has been stripped of the outer zona pellu-
cida, allowing cross-species fertilization. This yields useful
information about a sperm’s ability to successfully undergo

capacitation, acrosome reaction, membrane fusion with
oocytes, and chromatin decondensation. A good result on
SPA suggests proceeding with a trial of spontaneous concep-
tion or intrauterine insemination (IUI), whereas a poor SPA
result might suggest the need for IVF with ICSI.

The acrosome reaction test measures the ability of the
sperm cell to mount an effective acrosome reaction and may
be useful in the setting of profound teratospermia with head
predominant abnormalities where IVF is not successful.
Currently, this test may be recommended in the setting of
abnormal sperm head morphology or failure to fertilize oocytes
in conventional IVF cycles. However, this test has been
difficult to standardize, limiting its role at the present time.

Additional/Advanced Semen Testing

Antisperm Antibody Testing. Under normal anatomical cir-
cumstances, the seminiferous tubules are immunologically
protected from the humoral environment as the tight junc-
tions between the Sertoli cells form the blood-testis barrier.
However, following a breech of this barrier such as after
orchitis, scrotal trauma, or surgery, the immune system may
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be exposed to these “foreign” sperm antigens, and antisperm
antibodies (ASA) may develop. The presence of sperm
agglutination, especially head to head, should suggest the
possibility of ASA. In addition, low sperm motility in the
setting of previous injury or surgery (i.e., vasectomy), leuko-
cytospermia, or otherwise unexplained infertility should also
lower the clinician’s threshold for evaluating for ASA.

Antisperm antibodies may be found in the serum and in
the seminal plasma and bound to the sperm themselves. They
can cause agglutination and immotility or can be spermato-
toxic depending on the type of antibody. In previous reports,
up to 10% of infertile men present with ASA versus only 2%
of fertile men [35]. However, men can have normal semen
parameters with presence of ASA as well [36]. The direct
ASA test detects sperm-bound immunoglobulins, while indi-
rect testing detects the biological activity of circulating ASA.
Direct assays of sperm-bound immunoglobulins are pre-
ferred since most agree that sperm-bound antibodies are the
most clinically relevant. Serum ASA testing, once widely
used, has been largely discarded due to the much greater sen-
sitivity of semen testing.

Sperm DNA Damage. Sperm DNA damage has been shown
to have a positive correlation with abnormal semen parame-
ters. [37]. Various factors and agents have been associated
with sperm DNA damage including testicular cancers,
tobacco use, and certain chemotherapeutic agents [27]. The
etiology of sperm DNA damage at this time is thought to
involve abnormal chromatin packing, elevated reactive oxy-
gen species [27], and apoptosis [38]. There are several tests
currently available to assess sperm DNA integrity by assess-
ing strand breaks in situ [39]. The single cell gel electropho-
resis assay, or comet assay, uses gel electrophoresis to assess
DNA fragmentation. With the terminal deoxynucleotidyl
transferase-mediated deoxyuridine triphosphate nick-end
labeling (TUNEL) assay, a fluorescent-labeled nucleotide is
transferred to the hydroxyl end of a broken DNA strand, and
flow cytometry is used to assess DNA nicks. The sperm chro-
matin structure assay (SCSA) uses low pH to denature sperm
DNA at the site of DNA breaks and is followed by acridine
orange staining and flow cytometry to measure percentage of
denatured DNA. Meta-analyses have shown that couples
with sperm DNA fragmentation indices (DNI) less than 30%
[40, 41] are twice as likely to achieve pregnancy using IVF.
Although tests of DNA integrity are not part of the basic
semen analysis, they can be useful especially in the setting of
unexplained infertility but normal bulk semen parameters.

ROS Testing

Reactive oxygen species (ROS), also known as free radicals,
are by-products of normal intercellular and intracellular
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metabolism and have been implicated in the etiology of
multiple diseases across multiple organ systems. They are a
necessary result of oxygen metabolism, which takes place in
all healthy tissues, and are formed by the addition of unpaired
electrons to the oxygen molecule through the process of
reduction. The addition of an electron to molecular O, pro-
duces a superoxide anion radical (O,-) that is reactive.
Secondary ROS include hydroxyl radical (OH), peroxyl rad-
ical (ROO), and hydrogen peroxide (H,0,). ROS are critical
to normal cell physiology, but excessive levels are detrimen-
tal to cell survival and function. In excess, they induce cel-
lular damage by the oxidation of cellular and cell membrane
components and cause DNA damage by modification of
bases, deletions, frameshifts, and chromosomal relocations.

Oxidative stress by definition refers to the imbalance
between reactive oxygen species and their scavengers, known
generally as antioxidants. Antioxidants are the crux of the
host defense against ROS and are formed via both enzymatic
and nonenzymatic pathways. The primary enzymatic anti-
oxidants include superoxide dismutases, catalase, and gluta-
thione peroxidase. The superoxide dismutases convert
superoxide into O, and H,O,. Catalase and glutathione per-
oxidase further degrade H,O, into water and O,. Glutathione
is the main nonenzymatic antioxidant, and its cysteine sub-
unit contains a sulthydryl group which directly scavenges
free radicals. Vitamins E and C are also important nonenzy-
matic scavengers of free radicals.

Reactive oxygen species have been shown to be critical
throughout normal spermatogenesis and conception,
specifically during sperm capacitation [42] and sperm-oocyte
fusion [43]. Seminal fluid contains superoxide dismutase,
catalase, glutathione peroxidase, and glutathione reductase.
High levels of ROS are correlated with poor sperm quality
and function. Spermatozoa which have been incubated with
ROS overnight have increased lipid peroxidation. Further,
addition of free radical scavengers like alpha tocopherol has
been shown to revive sperm motility both in vitro [11] and
in vivo.

Sperm are exposed to free radicals both by intrinsic pro-
duction, extrinsic production in the semen, and via external
and environmental sources including cigarette smoking,
exposure to certain industrial compounds, and increased
intrascrotal temperatures.

In normal semen, there is a low level of oxidative stress,
as the free radicals necessary for certain cell signaling pro-
cesses are kept in check by the antioxidants in order to avoid
cellular damage. However, this balance is lost in conditions
where there is either increased production of free radicals or
decreased buffering capacity by available antioxidants.
Leukocytes and spermatozoa are both significant sources of
free radicals in the semen. Normal semen contains some
white blood cells, predominantly neutrophils. Neutrophils
exert their normal cytotoxic function partly by releasing high
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concentrations of ROS. Although the relationship is incom-
pletely defined, leukospermia, defined as peroxidase positive
leukocytes at a concentration greater than 1x10x6 per mL by
the WHO [21], has been associated with altered semen
parameters including decreased sperm concentration, motil-
ity, and morphology [4]. Although there is a correlation
between seminal leukocytes and infertility [10], some stud-
ies have failed to show an alteration of sperm parameters in
the presence of leukospermia [5]. However, several studies
have linked proinflammatory cytokines including IL-6, IL-8,
and TNF-alpha to altered sperm function [38, 44, 45].

In addition to seminal leukocytes, spermatozoa themselves
are source of ROS. As sperm mature, they extrude cytoplasm
rich in reducing molecules. Abnormalities in sperm matura-
tion lead to retention of cytoplasm and increased levels of
ROS in semen. The effects of the ROS on over all sperm
function may correlate with the site of ROS production,
intrinsic or extrinsic to the sperm. Some authors suggest that
higher levels of extrinsic ROS, such as that produced by leu-
kospermia, have greater effects on sperm count, motility, and
morphology, whereas increased intrinsic ROS production is
associated with higher levels of DNA fragmentation [37].

Testing for reactive oxygen species is not a part of the
standard initial evaluation of male factor infertility. However,
there is increasing research being conducted in this area, and
despite the lack of randomized control trials, it is becoming
evident that men presenting with infertility with increased
oxidative stress in the semen may benefit from antioxidant
therapy [46, 47]. Additionally, infertile men with varicoceles
have been shown to have elevated seminal ROS [48] with
levels that correlate with varicocele grade [49], and several
studies have shown that surgical varicocelectomy is corre-
lated with decreased seminal oxidative stress, increased sem-
inal antioxidants, and improved sperm quality [20, 50, 51].

Various direct and indirect testing modalities exist to
determine the level of oxidative stress in the semen. The
most commonly employed method of ROS testing is a chemi-
luminescence probe assay, which is used to quantify redox
activities of spermatozoa [52]. Using this technique, a lumi-
nol probe (5-amino-2,3-dihydro-1,4-phthalazinedione), used
to measure both intracellular and extracellular ROS, or a
lucigen probe measuring superoxide radicals released extra-
cellularly is employed. Direct assays of oxidative stress are
available, but cost and practicality issues have rendered these
assays tools of research with limited clinical application at
this time.

Hormonal Assessment

In addition to a basic semen analysis, many patients may war-
rant a serum hormonal analysis at time of presentation. The
goal of such an analysis is to evaluate the hypothalamic-
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pituitary-gonadal axis and to rule out an underlying
endocrinopathy or primary testicular failure. Controversy exists
as to the necessity of a hormonal evaluation in all patients pre-
senting with infertility. However, there is a consensus that basic
hormonal testing including serum follicle-stimulating hormone
(FSH) and early morning serum total testosterone should be
done in the setting of (1) abnormally low sperm count (<10 mil-
lion/cm?), (2) impaired sexual function, and (3) clinical findings
suggestive of an endocrine abnormality such as reduced testicu-
lar volume or gynecomastia [1, 53].

The pituitary and gonadal hormones are released in a pul-
satile fashion, and this rhythm is orchestrated by the hypo-
thalamus, which receives diffuse input from multiple cortical
and subcortical brain regions. The hypothalamus communi-
cates to the anterior pituitary both via neuronal input as well
as via the portal vascular system which allows direct delivery
of hypothalamic hormones in high concentration to the ante-
rior pituitary. The most important of these hypothalamic hor-
mones is luteinizing hormone-releasing hormone (LHRH) or
gonadotropin-releasing hormone (GNRH) which stimulates
the secretion of luteinizing hormone (LH) and FSH. GNRH
secretion is modulated by many factors and is under direct
negative feedback control by circulating gonadal hormones
including testosterone and inhibin.

LH, FSH, and prolactin are the primary hormones released
from the anterior pituitary into the systemic circulation. LH
stimulates the Leydig cells in the testes to produce testoster-
one, while FSH acts on the Sertoli cells of the testes and
promotes development and growth of the seminiferous.

The testes are composed primarily of Leydig cells, Sertoli
cells, and seminiferous tubules. The bulk of the testicular
volume is comprised of seminiferous tubules and germinal
elements; thus, reduced testicular size suggests impaired
spermatogenesis [54]. Within the testes, Leydig cells are
responsible for androgen synthesis. Testosterone, the pri-
mary circulating male androgen, is secreted in a pulsatile
fashion with a regular circadian cycle peaking in the early
morning. Only 2% of the serum testosterone is free in the
systemic circulation with the remainder bound in roughly
equal proportions to sex hormone-binding globulin (SHBG)
and albumin. Alterations in serum SHBG will increase free
testosterone in the serum. SHBG levels are influenced by a
number of conditions including liver and thyroid disease,
medications, advanced age, and obesity. Peripherally, testos-
terone is reduced to dihydrotestosterone (DHT) by 5 alpha-
reductase and is also converted to estradiol by aromatases.

Sertoli cells line the seminiferous tubules and are linked
by tight junctions, forming the blood—testis barrier which
provides an immunologically naive environment for sper-
matogenesis. The Sertoli cells are under the control of FSH
and produce multiple paracrine factors important in stimulat-
ing and supporting spermatogenesis. Inhibin B is released
from Sertoli cells in response to FSH stimulation and is
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important as regulator of the HGP axis via negative feedback
at the pituitary and hypothalamus. The Sertoli cells also
express androgen-binding protein in response to FSH stimu-
lation and allow for very high intraluminal testosterone lev-
els to support spermatogenesis via paracrine mechanisms

The most common abnormality encountered on hormonal
analysis in the infertile man is an elevated serum FSH. This
finding is suggestive of impaired spermatogenesis; however,
the finding of elevated FSH is not always present in cases of
testicular failure [55]. Abnormal preliminary screening tests
should prompt a more involved endocrinologic workup con-
sisting of total and free testosterone, prolactin, TSH, LH, and
FSH. Clinical findings of headaches or visual field changes
or findings of an elevated prolactin level necessitate an MRI
of the sella turcica to evaluate for a potential macroadenoma
of the pituitary.

Genetic Evaluation

In patients who present with azoospermia or severe oli-
gospermia, where obstructive etiologies have been ruled out,
evaluation of chromosome number and structure becomes
important. A karyotype will rule out genetic conditions most
commonly associated with infertility, including Klinefelter’s
syndrome (47, XXY), 46XX, 47XXY, and Noonan’s syn-
drome. The chromosome structure of the Y chromosome
should be assessed as well. This is done with the Y chromo-
some-linked microdeletion assay. Disruptions or deletions in
various loci of the Y chromosome have been associated with
severe defects in spermatogenesis. Early studies identified an
area on the short arm of the Y chromosome critical for sper-
matogenesis referred to as the azoospermic factor (AZF) [56].
Subsequently, this has been divided into 3 regions: AZFa,
AZFb, and AZFc [57]. Deletions in the regions of AZFa and
AZFb are less common and usually associated with poor
sperm retrieval rates for ART. AZFc microdeletions are the
most commonly found microdeletion in azoospermic men
and are associated with the most promising sperm retrieval
rates [36]. Although Y chromosome microdeletions have no
apparent impact on the health of the patient, the possibility of
an inheritable form of infertility in male offspring via ART
should prompt appropriate genetic counseling.

Expert Commentary

The purpose of this chapter was to delineate the evaluation of
a man presenting with infertility with a focus on the labora-
tory evaluation. In the new era of the human genome project
and with a better understanding of molecular biology and
genetics, advances in both the diagnostic capabilities and the
management options for male factor infertility are quickly
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advancing the field. In addition, enhancements in assisted
reproductive technology are allowing many couples the
opportunity to conceive when it would have been otherwise
impossible. As conception is more reliant on laboratory tech-
nology, the laboratory evaluation of a man or couple present-
ing with infertility will remain of paramount importance.

Five-Year View

Conventional semen parameters continue to provide poor
prognostic information regarding both frequency and quality
of conception. Over the near term, marked research efforts
will be dedicated to further elucidating sperm function.
Emphasis will continue on the role of oxidative stress and
sperm DNA fragmentation on subfertility. Novel research
efforts in the field of metabolomics, metabolic profiling of
semen, hold promise in elucidating the cause of heretofore
idiopathic infertility.

Key Issues

 Infertility is the absence of conception after 12 months or
regular unprotected intercourse, and male factor plays a
role in up to 50% of cases.

e The initial clinical evaluation of male factor infertility
should include a detailed and complete history and physi-
cal examination as well as a focused sexual history and
genitourinary examination.

¢ Initial assessment should include a basic microscopic and
macroscopic assessment of 2 separate semen analyses
collected properly. Further testing should be based on the
findings of the initial evaluation.

* New data on lower reference limits of semen parameters
in fertile males suggests that there is a broader range of
normal parameters than previously thought.

e Advanced semen testing should not be routine, but may
be warranted based on the evaluation and includes anti-
sperm antibody detection, assays of sperm DNA damage,
and analysis of seminal oxidative stress and seminal anti-
oxidant levels.

» Further testing with basic and extensive hormonal analy-
sis as well as genetic testing may be warranted based on
the initial evaluation.

* Reactive oxygen species derived from both intrinsic and
extrinsic sources are being increasingly implicated in
many cases of subfertility and infertility and have been
shown to affect semen quality through several mecha-
nisms including DNA fragmentation and lipid peroxida-
tion. Antioxidant therapy as well as modification of
exposures to extrinsic sources of ROS may have a role in
the management of infertility.
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Imaging Modalities in the Management
of Male Infertility

Marcello Cocuzza and Sijo J. Parekattil

Abstract

Infertility affects approximately 15% of couples desiring conception, and male infertility
underlies almost half of the cases. Assisted reproductive techniques (ART) are increasingly
being used to overcome multiple sperm deficiencies and because of their effectiveness have
been suggested by some to represent the treatment for all cases of male factor infertility
regardless of etiology. Although the use of these technologies may allow infertile couples to
achieve pregnancy rapidly, associated higher cost, potential safety issues, and considering the
fear of transferring the unnecessary burden of invasive treatment on healthy female partners
weigh down this treatment option heavily. Diagnostic imaging techniques may be indicated
as part of the complete male fertility evaluation. Productive therapy can be instituted only
after completion of a thorough evaluation that begins with a detailed, direct history and physi-
cal examination. Due to the introduction and enhancement of newer imaging modalities,
reliable adjuncts to clinical examination can be obtained to diagnose a variety of causes of
male infertility including varicocele, epididymal blockage, testicular microlithiasis, seminal
vesicle agenesis, and ejaculatory obstruction. Imaging plays a key role in the evaluation of the
hypospermia or azoospermic man. It can detect correctable abnormalities, which can lead to
a successful conception. It can also reveal potentially life-threatening disorders in the course
of an infertility evaluation as testicular tumors. The goal of this chapter is to provide the
reader with a foundation for a comprehensive evaluation of the male partner as well as emerg-
ing technologies that can improve the treatment of correctable causes of male infertility.
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of invasive treatment on healthy female partners weigh down
this treatment option heavily.

Diagnostic imaging techniques may be indicated as part
of the complete male fertility evaluation. Productive therapy
can be instituted only after completion of a thorough evalua-
tion that begins with a detailed, direct history and physical
examination. Due to the introduction and enhancement of
newer imaging modalities, reliable adjuncts to clinical exam-
ination can be obtained to diagnose a variety of causes of
male infertility including varicocele, epididymal blockage,
testicular microlithiasis, seminal vesicle agenesis, and ejacu-
latory obstruction. Imaging plays a key role in the evaluation
of the hypospermia or azoospermic man. It can detect cor-
rectable abnormalities, which can lead to a successful con-
ception. It can also reveal potentially life-threatening
disorders in the course of an infertility evaluation such as
testicular tumors. The goal of this article is to provide the
reader with a foundation for a comprehensive evaluation of
the male partner as well as emerging technologies that can
improve the treatment of correctable causes of male
infertility.

Testicular Tissue Imaging for Guided Sperm
Retrieval

Doppler Duplex Flow Imaging

Testis biopsy with cryopreservation of sperm is a procedure
performed in men with possible nonobstructive azoospermia
(NOA), and at times, in men with a previous vasectomy (who
do not want a reversal) and men with spinal cord injuries
(who fail electro-ejaculation or vibratory ejaculation). Recent
studies have illustrated that it is likely to find active sper-
matogenesis in areas with good blood supply within the tes-
ticle. These studies utilized detailed color Doppler ultraso-
nography and needle guidance techniques to localize possible
areas of spermatogenesis within the testicle. We have been
exploring the efficacy of using a percutaneous handheld
Doppler phase shift measurements of the testicle at the time
of biopsy to localize areas of spermatogenesis.

A prospective blinded controlled trial of six patients
who underwent testis biopsy from September 2008 to
August 2009 for NOA (two men), previous vasectomy (two
men), and spinal cord injury (two men) was performed.
Percutaneous handheld Doppler (Vascular Technology™,
Nashua, NH) blood flow shift measurements were taken
from 12 different marked regions of one testicle (one testi-
cle scanned on each patient—the larger testicle was cho-
sen). The surgeon then obtained 12 biopsies from the same
testicle in these marked regions (blinded to the Doppler
analysis). The findings from the biopsies were then compared
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to the pre-biopsy Doppler phase shift mapping to assess if
the Doppler readings had any predictive value in detecting
spermatogenesis.

The Doppler phase shift readings were analyzed and an
algorithm developed to identify areas of the testicle with
specific flow patterns. These flow patterns were then ana-
lyzed to assess for any correlation with spermatogenesis. A
predictive model optimized to identify areas of sperm pro-
duction was then created. The model was 85% accurate
(ROC 0.8, 95% CI 0.6-0.9) in identifying areas within the
testicle that had sperm based on Doppler phase shift
readings.

Our preliminary evaluation of handheld Doppler phase
shift flow mapping of the testicle at the time of biopsy appears
to have promise in detecting areas of spermatogenesis.
However, further data analysis on more patients has now
shown that the predictive value was not as high as we ini-
tially had expected, and so there is still more work that has to
be done in this area before conclusions can be made about
the use of this technology for this application.

MRI Spectral Imaging

Patients with idiopathic oligospermia or azoospermia, espe-
cially those with normal serum gonadotrophins and physical
examination, always present a diagnostic dilemma. Both
situations can represent a ductal obstruction or a testicular
failure, but they have completely different prognoses.
Testicular functions are currently evaluated in rather indirect
ways, by seminal parameters and hormonal assays. Histo-
logical analysis, which involves obtaining specimens by
biopsies or surgical explorations, can directly evaluate tes-
ticular tissue. However, it cannot be widely used in clinical
situations due to possible damage to testicular functions and
its invasive character. Therefore, noninvasive techniques for
evaluating testicular functions in vivo are needed [1].

Ultrasound is the initial radiological method that is used
to evaluate the testis. However, the increased availability of
magnetic resonance imaging (MRI) has allowed this nonin-
vasive diagnostic tool to further evaluate testicular function.
This technique was already used in a number of experimental
studies on testis [1, 2]. On humans, there are few magnetic
resonance spectroscopy (MRS) reports; one describes its
application on a patient with testicular non-Hodgkin’s
lymphoma to monitor response to irradiation [3], and the
other reveals the in vivo tissue characterization of the testis
in patients with carcinoma in situ [4]. Also, differentiation
between normal healthy testes and those with markedly
decreased spermatogenesis presenting with oligospermia or
azoospermia in whom spermatogenesis is completely absent
was achieved [5, 6].
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MRI spectroscopy is a noninvasive technique for obtain-
ing metabolic information from living tissue based upon dif-
ferences in the ratio of peaks of lipid and choline levels [7].
These metabolites may be used to evaluate the state of fertil-
ity and to investigate ischemia—reperfusion disorders.

More recently, in vivo hydrogen MR spectroscopy using
stimulated echo acquisition mode measurements was per-
formed with a short echo time, improving the detection of
signals from low-molecular-weight metabolites including
glutamate, choline, creatinine, and glycine not only in the
normal state but also in diseased conditions such as ischemia
[8]. In addition to these metabolites, a lactate signal could be
observed in the ischemic testis. The presence of a lactate sig-
nal in the H spectra could be utilized to distinguish between
normal and ischemic testes [8].

MR spectroscopy is a sensitive tool for assessment of tes-
ticular metabolic integrity and differentiation of normal tes-
ticles from those with markedly decreased spermatogenesis.
MRS may improve sperm retrieval rates by better identifying
isolated foci of spermatogenesis during testicular sperm
retrieval in men presenting with nonobstructive azoospermia.
MR spectroscopy of the testis might be a promising new
modality that warrants further clinical studies to assess its
diagnostic and therapeutic capability.

Testicular Artery Mapping During
Varicocelectomy

Current data supports the statement that varicocele repair
does indeed have a beneficial effect in reversing the harmful
effects of varicocele upon testicular function in selected
patients by improving seminal parameters in the majority of
controlled studies [9]. A diversity of open surgical techniques
has been used to repair this condition, including retroperito-
neal, inguinal, and subinguinal. Recently, open microsurgi-
cal inguinal or subinguinal varicocelectomy techniques have
been shown to result in higher spontaneous pregnancy rates
and fewer recurrences and postoperative complications than
conventional varicocelectomy techniques in infertile men
[10]. The subinguinal approach has the same principles as
the inguinal approach but is performed through an incision
below the external inguinal obviating to the need to open the
aponeurosis of the external oblique causing less postopera-
tive pain.

The microsurgical subinguinal varicocelectomy is the
preferred approach for most experts. The use of an operating
microscope allows the preservation of the testicular artery
and lymphatics vessels, resulting in lower recurrence rates as
well as hydrocele after the procedure [11]. On the other
hand, the spermatic cord at the subinguinal level has a greater
number of internal spermatic veins and an increased likelihood

Fig. 3.1 VTI surgical Doppler 9.3 MHz and a disposable probe flow
detector (Vascular Technology Int., USA)

of encountering multiple spermatic arteries [12]. Previous
studies reported that multiple spermatic arteries are identified
in approximately 40% of the spermatic cords during micro-
surgical varicocelectomy at the subinguinal level [12, 13].
The recognition of the main spermatic artery can be confirmed
by visualization of clear pulsatile movement and/or evidence
of antegrade, pulsatile blood flow with gentle lifting and par-
tial occlusion of the vessel. However, the identification of
tiny secondary arteries is not at all times apparent, and a ster-
ile intraoperative probe attached to a 9.3-MHz VTI surgical
Doppler and a disposable probe flow detector (Vascular
Technology Inc., USA) (Fig. 3.1) have been used at this
point [14, 15]. Consequently, it is possible that an inadver-
tent unrecognized ligation of a small internal spermatic
artery occurs more frequently than reported [16]. Following
are some of the reasons that could explain how the injury
occurs: First, the size of the arteries may be so small that the
pulsation is difficult to identify. Second, aggressive manipu-
lation of the vessels during dissection can lead to spasm,
making it difficult to identify arterial pulsation. Third, the
arteries tend to be in close proximity to or buried under com-
plex branches of veins [16]. In all these situations, the use of
vascular Doppler may help to preserve the arterial branches
(Fig. 3.2). Even though there is no agreement about the
necessity to preserve all testicular arterial branches during
varicocele surgery [17, 18], not doing so might be responsi-
ble for suboptimal improvement in seminal parameters in
some cases [19].
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A recent study showed that concomitant use of intraop-
erative vascular Doppler during subinguinal varicocelec-
tomy allows a higher number of arterial branches to be
identified and therefore preserved [20]. Data concerning
surgery using the Doppler vascular device and without it
show that a solitary artery is identified in 45.5% and 69.5%
of cords, respectively, 2 arteries are identified in 43.5% and
28.5%, respectively, and 3 or more arteries are identified in
11% and 2%, respectively. Also, the authors reported that a
higher number of internal spermatic veins were ligated
when Doppler was used (Table 3.1). The use of intraopera-
tive Doppler gives the surgeon more confidence during dis-
section of a dense complex of adherent veins surrounding
the artery present in 95% of cases when the subinguinal
approach is used [12]. Accidental artery ligation docu-
mented by a pulsatile twitching of the ligated vessel stump
under magnification is less common when Doppler is
applied [20].

Fig.3.2 Using a vascular Doppler probe to preserve all testicular arte-
rial branches during varicocele repair

The clinical implication of these findings can be sup-
ported by recent studies showing that the total number of
veins ligated was significantly positive correlated with
improvements in total sperm motility and sperm concentra-
tion [21, 22]. These results suggest that ligating a larger
number of veins should decrease reflux, which in turn would
lead to diminished insult to spermatogenesis.

Management of Testicular Lesions
in Infertile Patients

Organ-Sparing Microsurgical Resection
of Testicular Tumors in Infertile Patients

Epidemiologic studies have given attention to a worldwide
possible increase in testicular cancer incidence in the last two
decades, particularly in industrialized developed countries
[23]. One of the possible explanations for this augmented
detection of testicular lesions is the widespread use of ultra-
sound as a screening method in all fields of medical practice,
including scrotal ultrasonography in urology [24, 25].

In patients presenting with bilateral tumors (Fig. 3.3) or
tumors in a solitary testis, the gold-standard procedure is to
perform a radical orchiectomy which leads to permanent ste-
rility, lifelong dependence on androgen replacement therapy,
and psychological problems of castration at a young age
[26]. As a result, organ-sparing surgery has been reported as
a safe procedure in selected patients, especially for infertile
men desiring to preserve their fertility [27-29]. The German
Testicular Cancer Study Group established a guideline for
organ-sparing surgery for testis tumors that includes cold
ischemia during spermatic cord clamping, restriction of the
procedure for organ-confined tumors of less than 20 mm
that do not infiltrate the rete testis, performance of multiple
biopsies of the tumor bed, and application of adjuvant local
radiotherapy to eradicate carcinoma in situ and avoid local
recurrence [29].

Table 3.1 Intraoperative evaluation of internal spermatic veins ligated, number of lymphatic spared, and arteries preserved and injured in 377
spermatic cord dissections during microsurgical subinguinal varicocele repair with and without vascular Doppler

Variable

Number of veins ligated® 8.0 (3.1)
Number of arteries preserved® 1.6 (0.6)
Number of arteries injured® 0

Number of lymphatics spared* 22(1.2)
Operative time unilateral repair (min)* 52.8+17.8
Operative time bilateral repair (min)? 101.0+£16.2

“Values are mean and SD. Compared using student’s unpaired ¢ test

With Doppler (no. spermatic cords=225)

Without Doppler (no. spermatic cords=152) P value
7.3 (2.8) 0.02
1.3 (0.5) <0.01
2 (1.1%) 0.06
2.0(1.5) 0.21
53.0+£36.7 0.98
101.9+16.3 0.37

*Data presented as number (percentage) of patients. Compared using chi-square test. P<0.05 was considered statistically significant

From [20], with permission of Elsevier, Inc.
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Fig. 3.3 Magnetic resonance
showing a solid bilateral testicular
lesion
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Testicular germ cell tumors are the most common type of
malignancy during the reproductive age [30, 31]. However,
as the majority of incidental testicular nonpalpable lesions
with negative markers diagnosed in scrotal ultrasonography
performed during andrology investigation show a benign his-
tology, surgical approach must be as conservative as possible
for the testicular parenchyma [32]. In such cases, the most
important step is the confirmation that frozen section analy-
sis is an oncologically useful method for assessing small
incidental testicular tumors when performed by an experi-
enced pathologist [33]. The high degree of oncological
efficiency achieved by the frozen section analysis during
resection of testicular masses supports organ-sparing
approaches that reduce the chances of facing difficult deci-
sions intraoperatively [34].

Due to the advances of microsurgical techniques, partial
orchiectomy was appointed as first-line therapy in infertile
men even for nonpalpable small testicular lesions [27, 35, 36].
Also, infertile patient presenting with azoospermia and
incidental testicular lesions now can experience the chance
to father their own genetic offspring [37]. The combination
of organ-sparing surgery, microdissection for TESE,
cryopreservation, and assisted reproductive technologies
represents a powerful tool to preserve fertility even for azoo-
spermic men [38]. The complete procedure was meticulously
described by Hallak et al. as follows [35]: During the proce-
dure, the testis can be delivered through the inguinal inci-
sion, respecting principles for oncological procedures to
avoid any potential spillage of tumor cells. Vas deferens must
be carefully isolated from the spermatic cord and blood
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Fig.3.4 Blood circulation was interrupted by a delicate vascular clamp
placed across the spermatic cord after the vas deferens was carefully
isolated

circulation interrupted by a delicate vascular clamp placed
across the spermatic cord (Fig. 3.4). Slugged ice may be used
to prevent warm ischemia and a temperature probe inserted
far from the tumor location controls temperature at 12—15°C
(Figs. 3.5 and 3.6). A linear ultrasound transducer at 15 MHz
guides real-time intraoperative placement of a 30-gauge
10-cm-long stereotaxic hook-shaped needle (Guiding-
Marker System; Hakko, Tokyo, Japan) adjacent to the tumor
to guide microsurgical resection (Figs. 3.7 and 3.8). Using a
surgical operating microscope, the tumor can be gently dis-
sected and removed along with the adjoining parenchymal
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Fig. 3.5 Slugged ice wrapped the testicle, thus preventing from warm
ischemia

Fig.3.6 A temperature probe was inserted far from the tumor location
in the upper pole of the testicle

tissue (Fig. 3.9). Frozen section studies must be performed,
and if malignancy is confirmed, biopsies of the tumor cavity
margins and remaining parenchyma must be obtained to
ensure absence of residual tumors. After biopsies are sent for
frozen section, the testicular parenchyma must be meticu-
lously microdissected for identification of functioning semi-
niferous tubules, as reported by Schlegel [38]. After excision
of selected enlarged and opaque tubules, viable spermatozoa
can be retrieved for cryopreservation in 80% of cases [35].
This procedure integrates modern skills accumulated in the
field of male infertility, combining knowledge in testicular
vascular anatomy, oncology, microsurgery, organ preserva-
tion, tissue preparation, and sperm cryopreservation.

The possibility of intracytoplasmic sperm injection with
cryopreserved testicular sperm has given infertile azoospermic

Fig. 3.7 A linear ultrasound transducer at 15-MHz guides real-time
intraoperative placement of the stereotaxic hook-shaped needle adja-
cent to the nodule. The 30-gauge stereotaxic hook-shaped needle that
permits the hook to be completely contained in and pass through the
needle lumen. The introducing needle can thus be optimally positioned
prior to engaging the hook. The hook is ejected and released from the
needle tip reforming to hook and anchoring into the tissue adjacent to
the tumor

men the chance to have their own genetic offspring [37]. It is
very important to keep in mind that this approach is only
appropriate in centers experienced in managing testicular
cancer for patients who want to preserve fertility.

Testicular Microlithiasis

Testicular microlithiasis (TM) is an entity of unknown etiol-
ogy that results in the formation of intratubular calcifications.
TM is detected in 0.6% of adult males with clinical indica-
tions for scrotal ultrasonography [39]. Although TM is
uncommon, it has been associated with several conditions
such as Klinefelter’s syndrome, cryptorchidism, varicocele,
testicular atrophy, torsion, tumors, and infertility [40—43].
The mechanism by which microlithiasis affects spermato-
genesis is unknown [43]. Scrotal ultrasound is diagnostic,
and typically, there are small echogenic foci (1-3 mm).

The clinical significance of TM is debatable since incon-
sistencies exist in the literature. Therefore, there are conflicting
recommendations regarding the appropriate interval and
duration of subsequent surveillance of patients with testicu-
lar microlithiasis, as well as initial management strategies. It
is of concern to the urologist due to its possible association
with testis cancer [44]. Although commonly present in
patients with germ cell tumors, there appears to be no
definitive association with TM and cancer [45]. Therefore,
follow-up at this time should be dictated based on risk fac-
tors for developing testis cancer more than on the presence of
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Fig. 3.9 After the tunica albuginea is incised in an avascular region
using an operating microscope, dissection respecting testicular lobules
and arteries is conducted. Seminiferous tubules were separated care-
fully by blunt dissection following the needle until the lesion that is
excised using micro-instruments is found, leaving 2-3-mm borders as
safe margins around the nodule

TM [46]. Casteren et al. suggested taking a testicular biopsy
in a selected patient population with at least one additional
risk factor for testicular germ cell tumors [47]. Similarly,
there is no definitive proof that TM by itself can cause infer-
tility. Probably, decrease seminal function is not directly due
to the TM but rather to an underlying testicular abnormality
or associated condition such as cryptorchidism [48].
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Seminal Vesicle and Ejaculatory Duct Imaging

Turek et al. [49] recently presented a technique of transrectal
vasodynamics (pressure-flow study of the seminal vesicle) to
assess for partial ejaculatory duct obstruction (EDO). We
have been exploring the use of a 3D transrectal ultrasound
imaging and needle targeting system to perform vasodynam-
ics for the treatment of necrospermia with partial EDO
(Target Scan Touch, Envisioneering, St. Louis, MO).

A patient with necrospermia (viability staining of sperm)
and low ejaculatory volume (<0.5 cc) was evaluated for EDO
by vasodynamics performed utilizing a 3D transrectal ultra-
soundneedleguidancesystem(TargetScan™, Envisioneering)
in January 2008. This system was utilized to access and
maintain a flexible needle within the seminal vesicle (SV)
during vasodynamics. The decision to perform transurethral
unroofing of the ejaculatory duct would be based on the pres-
sure readings obtained during vasodynamics.

The patient had no visible left SV and a dilated right SV
(>1.5 cm). The system provided an easy stable guided plat-
form to place and maintain a flexible needle within the right
SV. A pressure reading of 41 cm H,O was achieved with
delayed emptying of the right SV (on simultaneous cysto-
scopic examination of the ejaculatory ducts within the ure-
thra). Transurethral (TUR) unroofing of the right ejaculatory
duct was performed, and the post-TUR SV pressure reading
dropped to 31 cm H,O. The right SV drained promptly post-
TUR on cystoscopic examination. Postoperatively, the patient
initially had retrograde ejaculation. At 1 year post-op,
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the patient now has an ejaculate volume of 1 cc with 70
million sperm/hpf with 64% motility.

The use of a 3D transrectal ultrasound needle guidance
system to perform vasodynamics is feasible for the treatment
of patients with necrospermia and partial EDO, and it
enhances a surgeon’s ease in performing vasodynamics.
Further testing and evaluation is needed.

Expert Commentary

In approximately half of infertility cases, a male factor is
involved. Thus, identifying the pathology and treating the
male may allow couples to regain fertility and conceive
through natural intercourse. The goal of infertility manage-
ment is to diagnose reversible causes of infertility and treat
them to achieve seminal improvement and pregnancy.
Despite advancements in the diagnostic workup of infertile
men, up to 25% of patients exhibit abnormal semen analyses
for which no etiology can be identified [50]. This condition
is referred to as idiopathic male infertility, and nonspecific
treatments are usually applied that are based on theoretical
concepts. A variety of empiric medical therapies have been
recommended to treat these patients. However, the majority
of these therapies have been shown to be effective in repeated
controlled randomized studies. Even though the available
assisted reproduction techniques can help overcome severe
male factor infertility, the application of these methods in
infertile couples classified as idiopathic infertility would
definitely represent overtreatment.

We look toward the future with excitement and hope that
the advanced technologies discussed will not only provide
new treatment options but will reduce the number of couples
without a definitive diagnosis of the cause of failure to con-
ceive. There is no hesitation that all technical advances such
as those explained in this chapter will drive the development
of pioneering approaches to the management of the infertile
male by andrologists. The use of imaging in the field of
infertility is no longer just for diagnosis but also as part of
the arsenal that provides more precise surgery procedures as
described above.

Five-Year View

Numerous advances have been made in reproductive medi-
cine in the last few years. Infertile couples who previously
were considered untreatable now have a chance at genetic
paternity. ART provide a great opportunity to families with
infertility, and their use has become routine in the treatment
of infertile couples. The increasing use of ICSI as an efficient
therapy for cases of male infertility has become an applicable
means to overcome multiple sperm deficiencies. Even men

M. Cocuzza and S.J. Parekattil

with potentially treatable causes of infertility can be treated
with ART instead of a specific therapy.

The objective of this chapter was to discuss the potential
role of imaging modalities in the management of male infer-
tility. Collaborations with radiologists have provided a rich
opportunity to explore and expand imaging techniques for
intraoperative use during urologic surgery. Due to the con-
tinual improvement of a variety of imaging and tissue char-
acterization modalities, the surgeons of tomorrow will have
a number of tools at their disposal to improve intraoperative
surgical decision-making. Only through the application of
evidence-based assessment and evaluation, however, will
there be a firm understanding of the true impact of these new
technologies on the field of urology. However, further studies
will be needed to confirm whether or not these techniques
can evolve into widespread clinical practice.

As aresult, the application of technological advances dur-
ing varicocelectomy including optical magnification, micro-
surgery skills and vascular Doppler may offer patients
maximal preservation of the arterial blood supply to the tes-
tes. However, additional research is needed to better clarify
whether the use of Doppler during varicocelectomy is likely
to improve testicular function and seminal parameters.

New methods for testicular screening, such as MRS,
appear to be promising for testicular sperm extraction proce-
dures. By identifying testicular locations that are likely to
contain viable spermatozoa in the testes of nonobstructive
azoospermic men, the potential for testicular damage may be
reduced.

Key Issues

MR spectroscopy is a sensitive tool for assessment of testicu-
lar metabolic integrity and differentiation of normal testicles
from those with markedly decreased spermatogenesis. MRS
may improve sperm retrieval rates by better identifying iso-
lated foci of spermatogenesis during testicular sperm extrac-
tion in men presenting with nonobstructive azoospermia.
MR spectroscopy of the testis might be a promising new con-
tribution that warrants further clinical studies to assess its
full diagnostic and therapeutic capability.

Microsurgical technique remains the gold-standard pro-
cedure for the varicocele repair, but the concomitant use of
intraoperative Doppler should be seriously considered as a
tool to improve surgical outcome and safety.

Use of intraoperative vascular Doppler during microsur-
gical varicocelectomy allows a higher number of arterial
branches to be preserved, and more internal spermatic veins
are likely to be ligated.

Microsurgical organ-sparing testicular tumor resection
associated with microdissection for TESE and tissue cryo-
preservation techniques may be considered an attractive
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option for infertile patients presenting with azoospermia and
incidental testicular lesions, especially for those with solitary
testicles and bilateral tumors. The technique described in the
chapter in a precise manner can be easily reproduced by
others.

Despite greater awareness of TM, a clear definition is cur-

rently missing, and the etiology is still obscure. This causes
confusion in management and follow-up. There is no con-
vincing evidence that TM alone is premalignant. However,
when it accompanies other potentially premalignant features,
we recommend annual ultrasound follow-up. With longer
follow-up of patients with TM, its true likelihood of leading
to cancer will be elucidated, and more evidence-based guide-
lines can be established.
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Abstract

Spermatogenesis depends on an intricate interplay of hormonal factors both centrally and in
the testis. Centrally, the hypothalamus releases gonadotropin-releasing hormone (GnRH),
which acts on the anterior pituitary to cause secretion of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH). At the level of the testis, FSH acts on Sertoli cells to
induce the maturation process in spermatogonia. LH exerts its effect on Leydig cells, stimu-
lating production of testosterone. Effective spermatogenesis requires local testosterone con-
centrations to be much higher than serum concentrations. This intratesticular testosterone
then acts indirectly to stimulate germ cell maturation through actions on Sertoli cells.
Although endocrinopathies only account for a small minority of cases of male infertility,
about 1-2%, the treatment of these conditions offers patients a strategy of directed therapy.
Broad classification of endocrinopathies involves two main categories: hormonal deficiency
and hormonal excess, with specific hormonal abnormalities falling under each of the above
categorizations.
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Spermatogenesis depends on an intricate interplay of
hormonal factors both centrally and in the testis. Centrally,
the hypothalamus releases gonadotropin-releasing hormone
(GnRH), which acts on the anterior pituitary to cause secre-
tion of luteinizing hormone (LH) and follicle-stimulating
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hormone (FSH). At the level of the testis, FSH acts on Sertoli
cells to induce the maturation process in spermatogonia. LH
exerts its effect on Leydig cells, stimulating production of
testosterone [1]. Effective spermatogenesis requires local
testosterone concentrations to be much higher than serum
concentrations [2]. This intratesticular testosterone then acts
indirectly to stimulate germ cell maturation through actions
on Sertoli cells [1, 2].

Although endocrinopathies only account for a small
minority of cases of male infertility, about 1-2% [3], the
treatment of these conditions offers patients a strategy of
directed therapy. Broad classification of endocrinopathies
involves two main categories: hormonal deficiency and hor-
monal excess, with specific hormonal abnormalities falling
under each of the previously mentioned categorizations.
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Hormonal Deficiency
Hypogonadotropic Hypogonadism

As the name suggests, hypogonadotropic hypogonadism is a
state of testosterone deficiency associated with subnormal
levels of gonadotropins (FSH and LH). Etiologies of hypog-
onadotropic hypogonadism can be numerous and are divided
into congenital and acquired causes.

Kallmann syndrome is one identified congenital etiology
of hypogonadotropic hypogonadism. Inherited in an X-linked
recessive fashion, Kallmann syndrome can arise due to a
variety of mutations, the most prevalent of which involves
the KAL1 gene. Features include hypogonadism as well as
anosmia, facial defects, renal agenesis, and neurologic abnor-
malities [4]. The hypogonadism and associated clinical
sequelae (delayed puberty, infertility) result from a failure of
migration of GnRH-secreting neurons. This failure of migra-
tion leads to absence of GnRH secretion which in turn leads
to absent LH and FSH secretion [3].

Hypogonadotropic hypogonadism can also be acquired,
as in the case of pituitary insufficiency resulting from pitu-
itary tumors, surgery, infarct, or infiltrative disease.
Regardless of the myriad etiologies of hypogonadotropic
hypogonadism, the underlying disturbance is low gonadotro-
pin levels, and treatment can be affected through pharmaco-
logic replacement.

Treating hypogonadotropic hypogonadism involves
replacement of the deficient hormones through gonadotropin
therapy. Agents used in this therapy include human chori-
onic gonadotropin (hCG), human menopausal gonadotropin
(hMG), and recombinant follicle-stimulating hormone
(rFSH). Human chorionic gonadotropin use stems from its
properties as an LH analogue, acting at the Leydig cell to
stimulate androgen secretion. Human menopausal gonado-
tropin is a product purified from the urine of postmenopausal
women that contains both LH and FSH. Regimens of gonad-
otropin therapy for men with hypogonadotropic hypogonad-
ism typically begin with hCG administration alone for
3-6 months. Dosages range from 1,000 to 1,500 USP units
either IM or SC three times per week. Adequacy of therapy
can be assessed by measuring serum testosterone levels, with
the goal of achieving sustained normal levels. Although the
pertinent goal for spermatogenesis is adequate intratesticular
testosterone concentrations, this value is not normally
assessed in gonadotropin replacement therapy. However,
intratesticular testosterone levels show linear correlation
with administered hCG dosage [5]. After titration to sus-
tained normal testosterone levels, usually after 3—6 months
of hCG monotherapy, therapy is initiated to replace FSH lev-
els. One method of FSH replacement involves hMG given at
doses of 75-150 IU IM/SC three times a week at a separate
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injection site. Alternatively, rFSH can be used at dosages
of 150 IU SC three times a week [6]. Relative efficacy of
hMG versus rFSH has been studied to some extent in women
undergoing IVF, but comparisons in male patients are
lacking. Replacing gonadotropins in this manner has shown
promising results as more than 90% of treated males experi-
ence spermatogenesis [3]. The time to spermatogenesis can
be quite variable, with the average response occurring in
about 6-9 months. However, therapy may be required for up
to 1-2 years before a response may occur, and some indi-
viduals unfortunately never respond to this modality [7]. An
Australian study of 38 men with hypogonadotropic hypogo-
nadism found that median time to first sperm in the ejaculate
was 7.1 months, while median time to conception was
28.2 months [8].

While spermatogenesis occurs in a strong majority of
patients, sperm concentrations achieved through gonadotro-
pin therapy still sometimes fall below goal ranges (<20 mil-
lion sperm/mL). Despite this, fertility outcomes with
gonadotropin therapy are very good. In a study of 24 men
with hypogonadotropic hypogonadism treated with gonado-
tropin therapy, 22 men achieved pregnancy, even though
mean sperm concentration was 16.7 million sperm/mL [9].
A retrospective study of Japanese men found sperm produc-
tion in 71% of men treated with hCG (3,000 IU) and hMG
(75 TU), provided testicular size was greater than prepubertal
sizes (>4 mL) [10]. A recently published Saudi Arabian
paper studied 87 infertile men with hypogonadotropic hypog-
onadism treated with IM gonadotropins for a median of
26 months, with the primary outcome of fertility. Overall, 35
of the 87 patients (40%) were able to achieve pregnancy [11].

An important area of newer research focuses on deter-
mining predictors of response to gonadotropin therapy.
The aforementioned long-term study in Japanese men
found a correlation between testicular size pretreatment and
response to gonadotropin therapy. Men with testicular size
>4 mL had a 71% chance of responding to treatment,
whereas men with testicular size <4 mL had only a 36%
chance of responding to treatment [10]. In addition, the
above Saudi Arabian study found that only pretreatment
testicular size was predictive of conception. In particular,
responders to treatment had a mean testicular pretreatment
volume of 9.0£3.6 mL, while the pretreatment testicular
volume of nonresponders was only 5.7 +2.0 mL. Interestingly,
there was no significant difference in conception rates
between men with hypogonadotropic hypogonadism due to
congenital or acquired etiologies [11]. Larger baseline testic-
ular size has also been shown as an independent predictor of
response time to gonadotropin therapy, and achieving
summed testis volume >20 mL after treatment increased the
odds of achieving both goal sperm parameters and preg-
nancy by at least twofold [8]. It is worth noting that the
lower sperm concentrations found in these studies, while
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below traditional goals of infertility management, may allow
for pregnancy with adjunctive use of assisted reproductive
therapies such as intrauterine insemination or in vitro fertil-
ization. Additionally, such medical treatment may allow
increased efficacy of surgical sperm extraction.

Another method of treatment for men with hypogonado-
tropic hypogonadism involves the use of antiestrogen agents.
These agents competitively bind to estrogen receptor sites in
the hypothalamus. Normally, estradiol acts via negative feed-
back at this endocrine center to inhibit gonadotropin secre-
tion. By binding at these sites, antiestrogen agents block
estradiol’s feedback inhibition of the hypothalamus and thus
increase the hypothalamic secretion of GnRH. The increased
secretion of GnRH leads to increased pituitary secretion of
gonadotropins, which thereby stimulates an increase in
intratesticular testosterone production. The most commonly
used agent in this class is clomiphene citrate, but similar
agents include tamoxifen, raloxifene, and toremifene. These
drugs have been previously studied in the setting of empiric
therapy for idiopathic infertility with mixed results [7].
However, the directed use of clomiphene in patients with
proven hypogonadotropic hypogonadism has shown to be
useful in limited settings. An American study treated four
men with hypogonadotropic hypogonadism with clomiphene
citrate 50 mg three times a week and found improved testos-
terone levels and semen parameters in three of these patients.
Subsequently, two of these three men achieved documented
pregnancy [12]. Similar success at the biochemical level has
also been described in case reports, although fertility was not
a goal of these treatments [13, 14]. Clomiphene treatment of
male infertility can be associated with such side effects as
visual disturbances, GI upset, weight gain, hypertension, and
insomnia [7].

It is worth noting that exogenous GnRH treatment repre-
sents another avenue of medical therapy for hypogonadotro-
pic hypogonadism. Synthetic analogues of GnRH can be
administered to stimulate secretion of gonadotropins.
However, the short half-life of these agents combined with
the necessary pulsatile release to recreate normal physiology
requires a method of frequent administration, such as fre-
quent injections, nasal sprays, or an implantable pump. These
methods are obviously less convenient, and further, studies
have not shown this treatment has a strong benefit for hypog-
onadotropic hypogonadism [15].

Hypergonadotropic Hypogonadism

In hypergonadotropic hypogonadism, the main perturbation
is an inadequate or absent function of the testes.
Gonadotropins are appropriately elevated secondary to lack
of negative feedback from estradiol, testosterone, and inhibin
B from the testis. Without appropriate androgen secretion,
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spermatogenesis is impaired. These men also typically have
significant testicular atrophy with fibrosis and markedly
reduced germ cell number, also leading to abnormally low
levels of spermatogenesis. 