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Foreword

Varicoceles have been recognized in clinical practice for over a century. In the early
years, these venous lesions were reported to have an incidence of about 16 % in the
general population which is similar to the current incidence today, but the treatment
of varicoceles at that time was exclusively for the management of pain. In 1952,
the diagnosis and treatment of varicoceles changed dramatically. Tulloch repaired a
varicocele in a man with azoospermia. Over time this man began to produce sperm
in the ejaculate and he impregnated his wife. This single case report linked varico-
celes and infertility, and it was soon established that the incidence of varicoceles
within the infertile population was about 35-40 %. The finding of an increased in-
cidence of varicoceles among infertile men opened a new era regarding the correc-
tion of these venous structures, but in the beginning there were only rudimentary
ideas regarding many aspects of varicoceles. The pathophysiology of varicoceles
was poorly understood. In addition, there was no systematic way to classify these
lesions, there were no standards established to evaluate the semen parameters of
these men and there were limited ways to correct these lesions. Nevertheless, most
investigators agreed that varicoceles had something to do with infertility.

After 1952, innovative ideas related to varicoceles began to appear in the lit-
erature. Some of these reports included innovative corrective techniques such as
micro surgery, interventional radiology, antegrade sclerosis, laparoscopy and ro-
botic assisted varicocelectomies. Other reports on pathophysiology came from the
laboratories of clinicians and reproductive scientists who studied animal models
and humans with varicoceles. The early reports focused on the role increased heat
that built-up within the testis and seemed to damage developing germ cells and
Leydig cells. In addition, some investigators proposed that the retrograde blood
flow may enable accumulation of adrenal metabolites within the testes. Over time,
molecular markers and biochemical pathways were identified in men with varico-
celes and these findings began to uncovered new and basic information related to
the pathophysiology. For example, it was reported that the pressure effects on the
walls of these varicose veins may initiate the release of Reactive Oxygen Species
which have damaging effects on developing germ cells. Increased levels of germ
cell apoptosis were identified in testicular histology. DNA damage was reported to
be high in men with varicoceles, and this condition was reversed after a varicocele
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repair. In addition, the measurements of Total Antioxidant Capacity (TAC) in men
with varicoceles were often low which minimized the protection of young sperm.
Therefore, these findings and measurements have expanded our understanding of
varicoceles and will provide the supporting evidence related to varicocele research
and aspects of clinical management reported throughout this book, Varicocele and
Male Infertility.

The authors (Alaa Hamada, M.D., Sandro C. Esteves, M.D., Ph.D., and Ashok
Agarwal, Ph.D.) have written 11 chapters on different matters related to varicoceles,
but each chapter is well illustrated with very educational drawings and all of the text
is supported by comprehensive references that have appeared in the literature to
explain the new findings related to varicocele pathophysiology. This compendium
of information should be an important addition to the library of all researchers and
clinicians interested in the subject of varicoceles. I have read these chapters with
enthusiasm, and I intend to refer to this book over and over again.

Dr. Marmar graduated from the University of Penn-
sylvania School of Medicine and completed his intern-
ship from Albert Einstein in Philadelphia. During in-
ternship, he met Charles Charney, M.D., who was
among the first to perform varicocele surgery in the
United States. Dr. Marmar was a charter member of the
American Society of Andrology, Society for Male Re-
production and Urology and the Society for the Study
of Male Reproduction. He was the Head-Division of
Urology at Cooper Hospital for 26 years, and retired in
2013. He developed the first microsurgical varicoce-
lectomy which continues to be used around the world.
For 20 years, Dr. Marmar teamed with Susan Benoff,
Ph.D., and they published many articles on the patho-
physiology of varicoceles. Presently, he is the Director of Men’s Health Services for
Planned Parenthood of Southern New Jersey, and maintains a limited private prac-
tice for Male Infertility. Dr. Marmar is a regular reviewer for several journals and
often evaluates articles related to varicoceles.

Director of Men’s Health Services for Joel Marmar, M.D.
Planned Parenthood of Southern
New Jersey



Preface

Varicocele has been one of the most controversial issues in the field of Urology
and Reproductive Medicine. It is recognized as the leading cause of male infertility
because it can impair spermatogenesis through several distinct pathophysiological
mechanisms. Current opinion suggests that oxidative stress is the central element
contributing to infertility in men with varicocele, and that surgical varicocele repair
(varicocelectomy) is beneficial not only for alleviating oxidative stress-associated
infertility, but also for preventing and protecting against the progressive character
of varicocele and its consequent upregulations of systemic oxidative stress. Despite
the advances in the understanding of this intriguing disease and consensus on some
areas such as diagnosis and pathophysiology, substantial controversy still exists on
the benefit of treatment and to whom treatment should be offered. With the develop-
ment of intracytoplasmic sperm injection, the focus has been directed on the cost-
effectiveness of interventions and patient-preferences.

Varicocele and Male Infertility: Current Concepts, Controversies and Consensus
covers all the important aspects of varicocele related to infertility, from epidemi-
ology to assisted reproduction techniques, contemplating pathophysiology, semen
analysis, specialized sperm function tests, and clinical management including all
available treatment options.

This authoritative article is aimed at both clinicians and scientists involved in the
study and treatment of male and female fertility. This brief is intended to provide
the reader with a thoughtful and comprehensive review of the clinical and scientific
significance of varicocele. The text is the first of its kind, and has a broad appeal be-
cause, first it represents an invaluable tool both for basic scientists with an interest
in reproductive medicine and for clinicians working in the field of infertility (e.g.
urologist, gynaecologist and reproductive endocrinologist, embryologist), and sec-
ond it was written in a novel in-depth manner employing evidence based medicine.

Boston, MA, USA Alaa Hamada, MD

Campinas, SP, Brazil Sandro C. Esteves, MD, PhD
Cleveland, OH, USA Ashok Agarwal, PhD
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Chapter 1
Definitions and Epidemiology

Varicocele is clinically defined as a palpable elongated, dilated and tortuous tes-
ticular pampiniform plexus of veins in the spermatic cord, as shown in Fig. 1.1.
It is found in approximately 15-20% of the normal adult male population and is
thought to be the most common treatable cause of male factor infertility (MFI).
Its prevalence among men with primary MFI is approximately 35% [1, 2], while
70-85 % of men with secondary infertility present with this condition [3]. In a group
of 2383 patients seeking fertility care at one of the editors (SCE) tertiary center for
male reproduction, varicocele was identified in 26.4 % of the individuals, as shown
in Table 1.1 [4]. The high prevalence of varicocele in older males and in men with
secondary MFT highlights its progressive nature [3]. On the other hand, not all men
with varicocele are infertile. In fact, approximately 80% of men with varicocele
have semen parameters within the reference limits as defined by the World Health
Organization reference values for semen analysis [5, 6].

Varicocele is rarely seen in the pre-adolescent age group (2—10 years), in which
the estimated prevalence is about 0.92% [7]. Large population studies, however,
have shown that the prevalence of varicocele in adolescents ranges from 6 to 26 %
[7-10]. In the age range of 11-19 years, varicocele was reported to affect 15% of
the subjects [8, 11, 12]. In a study involving 6200 boys aged 0—19 years, varicocele
was found in 4.1 % of all the study population, whereas it affected 7.9 % of those
within the age group of 1019 years [13]. In a recent large population-based study
of 1.3 million Israeli adolescent males aged 16.5-19.5 years, the prevalence of vari-
cocele ranged from 1.6 to 4.6 % throughout the duration of the study at an average
age of 17.5 years [14].

Subclinical or nonpalpable varicocele is defined by the presence of reversal of
venous blood flow with Valsalva maneuver or spermatic vein ectasia with a diam-
eter of 3 mm or greater on color Doppler ultrasonography (CDU) [15, 16]. Its esti-
mated prevalence in the infertile population varies from 24 to 83 % [16—18]. This
large variation may be due to the heterogeneity of criteria to define a varicocele on
ultrasound examination. While some authors consider that the diagnosis of varico-
cele should be made when the vessels are larger than 3 mm, others suggest that a
2 mm cut-off for vein diameter allows for a high sensitivity of 95 % in the detection

© The Author(s) 2016 1
A. Hamada et al., Varicocele and Male Infertility, SpringerBriefs in Reproductive
Biology, DOI 10.1007/978-3-319-24936-0 1



2 1 Definitions and Epidemiology

Fig. 1.1 Photograph of a large left varicocele seen through the scrotal skin (/eff). Illustration
of varicose veins on the left spermatic cord as compared to normal sized-veins on the right side
(right). (Reprint with permission from Esteves [232])

Table 1.1 Distribution of diagnostic categories in a group of infertile men attending a male infer-
tility clinic. (Source: Androfert, Brazil; [4])

Category N %
Varicocele 629 26.4
Infectious 72 3.0
Hormonal 54 2.3
Ejaculatory dysfunction 28 1.2
Systemic diseases 11 0.4
Idiopathic/unexplained 289 12.1
Immunologic 54 2.3
Obstruction 359 15.1
Cancer 11 0.5
Cryptorchidism 342 14.3
Genetic 189 7.9
Testicular failure 345 14.5
Total 2383 100.0

of a varicocele [19, 20]. To complicate the matter further, it has been suggested that
there is no threshold value for the ultrasonographic diagnosis of varicocele, because
retrograde flow may be demonstrated in veins smaller than 2 mm in diameter [21].
As such, diagnosing a varicocele solely based on the diameter of the vessels will
yield a high number of false results. As noted, such inconsistencies make it chal-
lenging to compare the results of diagnostic modalities and treatments. As far as the
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CDU is concerned, it is still a matter of controversy as to which parameter is more
important, namely, the reflux phenomenon or ectasia of the veins.

From a pathophysiology standpoint, varicocele has been defined as the venous
incompetence that allows pathological reflux of blood to the internal spermatic vein
(testicular vein) [22]. Although the treatment of varicocele has been subjected to
much debate, its principle relies on the interruption of the spermatic vein continuity,
thus shielding the testis from the harmful effect of venous reflux or high volume
venous blood flow [23, 24].

The extent of vein structural abnormality is variable, but it usually involves
dilatation of the internal spermatic veins to the level of the final drainage into the
left renal vein or the inferior vena cava. Vascular dilatation may be caused by: (i)
valvular incompetence of the internal spermatic veins; [25, 26] (ii) elevated hydro-
static pressure in the left renal vein, inferior vena cava, and internal spermatic veins
when the patient is in the usual upright position [26]; and (iii) mechanical pressure
(‘nutcracker’ phenomenon) from the superior mesenteric artery as it crosses the left
renal vein [26].

Varicoceles are more frequently clinically detected on the left side than on the
right side, and are more frequently unilateral than bilateral [18]. Based on autopsy
data, it is sound to assume that the incidence of bilateral varicocele has been under-
estimated. Absence of valves is detected in 40 and 23 % of left and right spermatic
veins, respectively, which explains the predominance of left-sided varicoceles and
highlights the underestimated prevalence of right-sided varicoceles [27].

Anecdotal experience that lean men are more prone to varicocele has been sup-
ported by recent studies showing that varicocele occurrence is inversely correlated
with body mass index [28, 29]. A higher prevalence in first degree relatives has also
suggested an inherited pattern [30]. Also, it has been shown that long-term intense
physical activity (2—4 h daily, 4-5 times a week, during 4 years) worsened semen
quality in men with varicocele [31].

Key Points

» Varicocele is clinically defined as palpable elongated, dilated and tortuous tes-
ticular pampiniform plexus of veins in the spermatic cord. Subclinical or im-
palpable varicocele is defined based upon color Doppler ultrasound (CDU) as
reversal of venous blood flow with the Valsalva maneuver or spermatic vein
ectasia with a diameter of 3 mm or greater.

* Venographically, varicocele is defined as venous incompetence that allows path-
ological reflux into the internal spermatic vein.

» Varicocele affects 15-20% of the normal adult male population and 35 % of men
with primary male factor infertility and 70-85 % of men with secondary infertil-
ity.

» Varicocele has a progressive nature; it is rarely seen in the pre-adolescent age
group and its prevalence increases progressively with age.



Chapter 2
Origin and Pathophysiology

Testicular Vein Anatomy

In this chapter, we discuss the theories attempting to explain the origin of varicocele
and the pathophysiological mechanisms associated with varicocele development.

Testicular Vein Anatomy

Testicular veins emerge from mediastinum of the testis to form the pampiniform
plexus, which is composed of three groups of veins, namely, the anterior, middle
and posterior groups. The posterior group courses posterior to the spermatic cord
and drains into the external pudendal and cremasteric veins. The latter ultimately
drains into the inferior epigastric vein at the level of external inguinal ring, as shown
in Fig. 2.1a. The middle group courses around the vas deferens to drain into the
internal iliac vein. The anterior group courses with the internal spermatic artery. At
the superficial inguinal ring, this complex form three or four tributaries that enter
the pelvis. These veins eventually converge into two and then into a single internal
spermatic vein running in front of the ureter and alongside the testicular artery. It is
common for the main venous channel to have medial and lateral components; the
lateral branch often terminates into the renal capsular, mesenteric, colonic, or retro-
peritoneal veins. The right internal spermatic vein enters the inferior vena cava just
below the right renal vein. The left internal spermatic vein joins the undersurface of
the left renal vein lateral to the vertebral column [32], as shown in Fig. 2.1b.

Variant anatomy is seen in about 20 % of cases [32, 33]. Important anomalies in-
clude drainage of the right internal spermatic vein into the right renal vein (8-10%)
and multiple terminal spermatic veins (15-20%). Valves are present in most but not
all internal spermatic veins [33].

© The Author(s) 2016 5
A. Hamada et al., Varicocele and Male Infertility, SpringerBriefs in Reproductive
Biology, DOI 10.1007/978-3-319-24936-0_2
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vein
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Fig. 2.1 Illustration depicting the venous testicular vasculature (a), and the drainage of right and
left testes (b). The right testicular vein empties into the inferior vena cava while the left testicular
vein drains into the left renal vein

Theories of Varicocele Origin

Three theories have been postulated to explain the origin of varicocele, which are
not mutually exclusive. The first describes the right-angled insertion of the left tes-
ticular vein into the left renal vein, with a consequent increase in the hydrostatic
pressure that is ultimately transmitted to the pampiniform plexus [26, 34]. The sec-
ond relies on congenital incompetent (or absent) venous valves, resulting in retro-
grade flux and dilatation [18, 34]. This theory has been supported by venographic
and color Doppler studies. Based upon the level of these incompetent valves being
at or below the communicating veins, which include the internal spermatic, crem-
asteric, vassal and external pudendal veins, two pathophysiologic subtypes have
been described, namely shunt and stop types, as shown in Fig. 2.2a and b. When the
incompetent valves are located only above the level of the communicating veins, a
stop-type varicocele is present, which constitutes 14 % of all varicoceles. The stop-
type varicocele is characterized by a brief retrograde flow from the internal sper-
matic vein towards and into the pampiniform plexus. No orthograde venous blood
flow and reflux towards the communicating veins is seen because distal valves are
present and are functionally competent. Surgical ligation of the stop-type varico-
cele shall cure the varicocele by offsetting the reflux-producing incompetent valve
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Stop type

Fig. 2.2 a Schematic anatomy of the shunt-type varicocele shows incompetent valves and shunt-
ing through communicating veins, whereas in b stop-type varicocele, the reflux in the spermatic
vein is stopped by a competent valve. (Reprinted with permission from Mohseni et al. [38])

against valves from the remaining normal venous drainage system [35]. Conversely,
when incompetent venous valves are present below the communicating veins, a
shunt-type varicocele is present, which constitutes 86 % of all varicoceles [35, 36].
Shunt-type varicocele is characterized by retrograde blood both from the internal
spermatic vein into the pampiniform plexus and orthograde reflux into the commu-
nicating veins (vasal and cremasteric veins) [37]. Surgical ligation of the shunt-type
varicocele would be expected to be less effective because the incompetent valves
are most numerous and widely distributed. Mohseni et al. [38] reported in a pro-
spective controlled study involving 74 children and adolescents with varicocele that
the shunt-type was associated with a greater risk of testicular hypotrophy compared
to the stop-type varicocele. In addition, the authors noted that a higher recurrence
rate occurred when the shunt-type varicocele had been repaired by the retroperito-
neal approach compared to the inguinal approach.

The third theory involves the so-called nutcracker effect, in which compression
of the left renal vein between the superior mesenteric artery and abdominal aorta
would partially obstruct the blood flow through the left testicular vein and there-
fore increased the hydrostatic pressure inside the pampiniform plexus [39]. The
nutcracker phenomenon builds up a steadily raised renocaval pressure gradient and
reflux down the internal spermatic vein, resulting in the development of collateral
venous pathways [40—43]. Evidence supporting this theory was provided by hemo-
dynamic studies in adults and children with varicocele. In adults, Mali et al. [40]
reported correlation between the renocaval pressure gradient and renospermatic re-
flux, thus showing that the severity of left renal vein compression in the upright
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position determines the velocity of retrograde flow in the left spermatic vein and
varicocele size.

Selective left renal venography with measurement of the pressure gradient be-
tween the left renal vein (LRV) and inferior vena cava (IVC) is the gold standard
diagnostic method for assessing the nutcracker effect. Normal length of the left
renal vein (LRV) is 6-10 cm and the mean normal LRV diameter is 4-5 mm [7].
The normal pressure gradient between LRV and IVC is 1 mmHg or lower and an el-
evated gradient >3 mmHg between the LRV and the IVC can be used as a criterion
of diagnosis for left renal vein entrapment [44]. Unlu et al. [45] reported using color
Doppler ultrasonography that the aortomesenteric angle of men with varicocele
ranged between 6—30°, which was significantly different than healthy adult males
(25-50°; p<0.05). Such an angle further decreases during the Valsalva maneuver in
an erect position, resulting in further compression of the LRV.

Doppler ultrasonography can be used as the first diagnostic test in patients with
suspected nutcracker phenomenon [43, 46]. The B-mode sonographic measurement
of the diameter of the LRV combined with Doppler sonographic measurement of
the peak velocity (PV) of the LRV was used to diagnose LRV entrapment syndrome.
It has been suggested that the distal-to-proximal diameter ratios and flow velocity
ratios exceeding 5.0 represent nutcracker phenomenon cutoff levels [43, 46, 47]. In
one study involving 67 men with varicocele, 55 % were demonstrated venographi-
cally to have an entrapment phenomenon [48].

The nutcracker phenomenon can be the chief cause of pediatric varicocele. In
one report, children with the nutcracker phenomenon had higher grade varicocele
and obvious collateral vein formation than did the patients with a lower renocaval
pressure gradient [49]. However, the insufficiencies of the internal spermatic vein
may be the main cause of renospermatic reflux in patients with a low renocaval
pressure gradient [25, 4042, 50, 51]. In children, the use of Doppler ultrasonog-
raphy in the diagnosis of nutcracker phenomenon has been limited because the left
renal vein sampling area is smaller and the Doppler angle is larger in children than
in adults [47, 52].

Lastly, the etiology of varicocele may be a combination of all these mechanisms
that are further aggravated by an upright posture. As shown in thin, tall athletic
subjects, the incompetence of venous valves and lack of fat support around the
left renal vein with narrowing of the aortomesenteric angle may lead to varicocele
formation [14].

Is Varicocele a Bilateral Disease?

Historically, 85-90 % of all clinical varicoceles are classified as unilateral left-sided.
However, recent data indicate that bilateral palpable varicocele is found in >50 % of
affected men [7, 34]. Such data are in agreement with venographic studies that show
bilateral abnormal venous reflux in 84—-86 % of men with varicocele [53—55]. This
finding might explain the occurrence of bilateral testicular damage in such men, and
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why there is improvement in semen parameters in only 65 % of men after unilateral
varicocele repair [56]. In contrast, isolated right-sided varicocele is found in only
2% of patients and may be associated with the presence of an obstructive lesion,
such as a retroperitoneal or pelvic compressive mass [55].

Pathophysiology

Approximately 80 % of men with varicocele are fertile and have normal fecundity
[5, 6]. Although the pathophysiology of varicocele has been extensively studied,
no conclusive mechanism fully explains why the remaining 15-20% are infertile.

Scrotal hyperthermia, hormonal disturbances, testicular hypoperfusion and hy-
poxia as well as backflow of toxic metabolites are potential mediators of varicocele-
mediated infertility [57]. Recently, oxidative stress has been implicated as an im-
portant mediator of varicocele-associated infertility [57]. Nonetheless, the reasons
why some patients with varicocele are infertile, whereas the majority of patients
are not, remain unclear. Such phenomenon may be partially explained as infertility
being a combination of both male and female factors, in which a fully functional
female reproductive system can compensate male factor deficiencies and therefore
result in a successful conception. Different intrinsic susceptibility must exist among
men with varicocele, which culminates in the various effects of varicocele on male
fertility [34].

Oxidative Stress

Reactive oxygen species (ROS) are byproducts of oxygen metabolism and energy
production that act as regulators of vital physiological intracellular processes. In
the male reproductive tract, small quantities of ROS have important roles on sperm
function—regulating capacitation, acrosome reaction, hyperactivation and the fu-
sion of spermatozoa with the oocyte [58]. By contrast, natural intracellular and
extracellular antioxidants (enzymatic and non-enzymatic) scavenge and neutralize
the harmful effects stemming from increases in ROS levels. When ROS levels dis-
proportionately increase compared with the neutralizing capacity of antioxidants, or
when a reduction in the antioxidant capacity has occurred, oxidative stress usually
follows.

An imbalance between ROS production and decreased total antioxidant capacity
(TAC) has been implicated as the result of acidification of spermatozoa cytosol and
seminal plasma in men with varicocele [59]. Oxidative stress via ROS, especially
lipid peroxidation, not only damages membrane function in sperm head and mid-
piece altering morphology and impairing motility, but also leads to a decrease in in-
tracellular pH. The ideal pH for ROS scavenging activity by the enzymatic antioxi-
dant systems ranges from neutral to slightly alkaline, being markedly depressed in
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acidic states. Impairment of TAC may reflect as a further decrease in sperm motility
[60]. These effects, however, have been speculated to vary from one subject to an-
other according to their capacity to counteract the deleterious effects of membrane
dysfunction and oxidative DNA damage. This may help understand the variable
effect of varicocele on male infertility.

In a meta-analysis of studies involving oxidative stress markers in men with vari-
cocele, we observed that oxidative stress markers were significantly increased in
varicocele patients compared with normal sperm donors [60]. In one of the included
studies, Mitropoulos et al. [61] evaluated oxidative stress in the peripheral blood
samples of subfertile men with varicocele. The authors found an elevated level of
oxidative stress due to the release of nitric oxide synthase and xanthine oxidase
within the dilated spermatic vein. This led to a dramatic increase in the levels of
nitric oxide, peroxynitrite, and S-nitrosothiols, all of which are biologically active.
They suggested that peroxynitrite production from the reaction of nitric oxide and
superoxide might be responsible for an impaired sperm function in patients with
varicocele. In another study, Allamaneni et al. [62] reported that semen ROS lev-
els correlated positively with varicocele grade. The authors showed that men with
larger varicoceles had significantly higher semen ROS levels than men with small
varicoceles. Similarly, Koksal et al. [63], evaluating malondialdehyde in testicular
biopsy specimens, found significantly higher levels of this oxidative stress marker
in infertile men with large varicoceles compared to men with small or moderate
varicoceles. These findings indicate that the larger the varicocele, the higher the
levels of oxidative stress. Interestingly, surgical treatment of varicocle has been
shown to reduce seminal oxidative stress in such patients [64—66].

An elevated production of ROS in the reproductive tract disrupts not only the
fluidity of the sperm plasma membrane, but also the integrity of DNA in the sperm
nucleus. It has been shown that infertile men with varicoceles have high levels of
sperm DNA damage [67]. In one study, Chen et al. [68] reported that patients with
varicocele had increased levels of 8-hydroxy-2’-deoxyguanosine, a marker of oxi-
dative DNA damage. Sperm DNA damage could also result from aberrant chroma-
tin packaging during spermatogenesis or be a consequence of the triggering of an
apoptotic-like process by ROS overproduction. Sadek et al. [69] assessed the rate of
chromatin condensation using aniline-blue staining in infertile men with varicocele
and showed significant improvement in DNA packing following surgical correction
of large varicose veins. Excessive levels of DNA damage have been associated with
a reduction in many fertility indices, including fertilization, embryo development
and implantation, as well as pregnancy and live birth rates. Furthermore, DNA dam-
age can have other significant clinical implications because in vitro fertilization
using spermatozoa containing damaged DNA may lead to paternal transmission of
defective genetic material with adverse consequences for embryonic development.
Fortunately, this damage may be reversible, as shown by Zini and Libman, who
recently reported that sperm DNA integrity was significantly improved in infertile
men 6 months after surgical varicocele repair [70].

Recent findings reported by Blumer et al. [71] confirmed previous reports of a
negative correlation between sperm morphology and the percentage of sperm with
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high DNA fragmentation (»=—0.450) in men with varicocele. Although an increase
in oxidative stress as determined by the rise in malondialdehyde, which is the major
product of lipid peroxidation, was not observed in the aforementioned study, a de-
crease in mitochondrial activity and acrosome integrity was documented. In a study
involving men with palpable varicocele and oligozoospermia, Smit et al. showed
significant improvement in the DNA fragmentation index (DFI) 3 months after
varicocelectomy (pre-op. 35.2% + 13.1 %; post-op. 30.2% + 14.7 %, p=0.019) [72,
73]. A difference could also be noted between couples who conceived naturally or
with assisted reproductive technology (ART) compared to those who failed (DFI%:
26.6% + 13.7% versus 37.3% + 13.9%, p=0.013). Notwithstanding, these authors
demonstrated that not all patients had a decrease in sperm DNA damage after vari-
cocele repair. In a recent work by Dada et al. [74] studying 11 men with clinical
varicocele, surgical repair resulted in rapid (1 month) significant decline in free
radical levels followed by slow (3—6 months) decline in DNA damage assessed by
the Comet assay. On the basis of their findings, the authors of the aforementioned
study recommended that infertile couples whose male partner had varicocele repair
should wait 6 months after surgery before attempting to conceive. Not surprisingly,
Smith et al. [72] found that high levels of sperm DNA damage were associated with
varicocele even when semen analysis results were within the reference range. Of
note, semen analysis as routinely performed is limited in its validity as surrogate
for the assessment of male fertility potential. For this reason, it has been suggested
that sperm function tests, such as sperm DNA integrity, are better indicators of male
fertility potential and should be included in the semen evaluation [75, 76].

Scrotal Hyperthermia

An elevated testicular temperature has been demonstrated in men with varicocele
and impaired sperm quality. Along the same lines, reduction in testicular tempera-
ture was shown to follow varicocele repair [77-81]. Because spermatogenesis is
optimally at a temperature 2.5 °C lower than the core temperature, heat stress can
lead to a deterioration in sperm production. However, given that most men with
varicocele are fertile, and such individuals also have higher scrotal temperature than
healthy men, the sole contribution of the heat stress to the infertility problem cannot
entirely explain varicocele-related infertility.

The primary question is to determine whether heat stress can generate oxida-
tive stress in the testes. Indeed, in vitro and in vivo studies have shown a direct,
temperature-dependent relationship between heat exposure and generation of ROS.
For instance, the exposure of in vitro cultures of mouse and rabbit spermatozoa to
successive temperature elevation, ranging from 34 to 40 °C, but kept at constant
oxygen concentrations, resulted in a concordant rise in the level of malondialde-
hyde [82]. Similarly, heat stress has been shown to induce increased mitochondrial,
plasma membrane, cytoplasmic and peroxisomal ROS production in various hu-
man cell lines [83, 84]. Spermatogonia A, Sertoli and Leydig cells are considered



12 2 Origin and Pathophysiology

thermotolerant cells as they have been previously exposed to higher temperatures in
the uterus. In contrast, spermatogonia B and developing spermatozoa, particularly
pachytene spermatocytes and early spermatids, are highly vulnerable to heat stress
[85, 86].

Venous Hypertension and Reflux of Toxic Metabolites

Testicular venous hypertension is characterized by an excessive hydrostatic pressure
column that is transmitted over the already incompetent gonadal venous valves. It
is associated with a reflux of toxic adrenal and renal metabolites into the testis,
including epinephrine, urea and prostaglandins E and F2a, which result in chronic
vasoconstriction of testicular arterioles [87]. This phenomenon leads to persistent
hypoperfusion, stasis and hypoxia, and subsequent dysfunction of the spermato-
genic process [88, 89]. Microscopic evaluation of spermatic vein fragments has
revealed alterations in the longitudinal muscle layers, in addition to a decrease in
the number of nerve elements and “vasa vasorum” in the vessel wall. These findings
suggest a defective contractile mechanism of blood transport through the pampi-
niform plexus. Nonetheless, a five-fold increase in hydrostatic pressure has been
documented during vasography studies of the varicose spermatic veins [54], which
reverses the pressure gradient and thereby lead to a hypoxic state [26, 54].

Venographic studies have shown that reversal of venous blood flow within a left-
sided varicocele is common. As such, renal and adrenal metabolites can gain access
to endothelial cells of the left internal spermatic vein and testicular tissue [91, 92].
These substances are known to induce cellular oxidative stress in various human
cell cultures in vitro [93, 94]. For instance, exposure to supraphysiological levels
of urea can inhibit urea transporters that mediate its cellular efflux, resulting in the
carbamylation of proteins and a reduction in the level of intracellular glutathione.
Carbamylation is a post-translational modification of proteins resulting from the
non-enzymatic reaction between isocyanic acid and specific free functional groups.
This reaction alters protein structure and therefore their functional properties. PGF-
2a can induce ROS production in a variety of cell lines, whereas PGE can inhibit
ROS generation. An elevated level of PGE can be attributed to endothelial cells
overproduction in response to oxidative stress induced by PGF-2a. Norepinephrine
can contribute to vasospasm and perpetuate hypoxia, thus aggravating ROS-medi-
ated oxidative stress.

Apoptosis and DNA Damage

It is well known that varicocele is associated with sperm DNA damage, which has
been associated with decresead fecundity [67, 95, 96]. High levels of DNA dam-
age have also been associated with elevated ROS levels in patients with varicocele
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when compared with normal controls [23]. Interestingly, these differences were
found in men with varicocele irrespective of impairment of semen parameters.

Varicocele is also associated with an increase in intratesticular apoptosis [89,
97]. Many apoptosis-inducing factors have been linked to varicocele-associated
male infertility such as cadmium accumulation, androgen deprivation, heat stress
and interleukin-6 [89, 98].

Recent Discoveries

Although an exact pathway for varicocele-induced infertility has not been com-
pletely elucidated, there is a plethora of novel studies documenting multiple de-
rangements in the setting of varicocele. Briefly, abnormal expression of leptin re-
ceptors, glial cell-derived neurotrophic factor specific receptor GFR-al on germ
cells [99, 100], and increased expression of heme oxygenase on Leydig cells are
some of them [101]. In one study, Nicotina et al. [102] showed an increased expres-
sion of aquaporin receptor-1 (AQP-1) on venular endothelial cell membranes as
well as Sertoli cell, diploid germ cells, and haploid cells membranes of patients with
varicocele. Aquaporins are a family of transcellularmembrane proteins that mediate
water transport across the cell membrane. This may indicate that in the presence of
a varicocele, the testis is attempting to overcome a fluid imbalance in both tubular
and interstitial compartments. In another study, Ozen et al. [103] reported a novel
effect of varicocele on vas deferens motility using a rat model. The authors revealed
a decline in the contractile response in the ipsilateral vas deferens compared with
the contralateral vas deferens in rats with surgically-induced varicocele. Such find-
ings suggest that other pathways, in addition to testicular damage, may take place
in the presence of varicocele.

In summary, current evidence suggests that there is a multitude of mechanisms
implicated in the pathophysiology of varicocele. Oxidative stress seems to be a
central element contributing to infertility in such men, whose testis respond by way
of, for instance, heat stress, ischemia or production of vasodilators. These responses
have their own implications in exacerbating the underlying oxidative stress. The
principal cells in the epididymis, the endothelial cells in the dilated pampiniform
plexus and the testicular cells (developing germ cells, Leydig cells, macrophages
and peritubluar cells) are the three main sites of ROS production, which include
nitrogen reactive species. Varicocele-associated cell stressors induce ROS genera-
tion by distinct sperm biochemical pathways. In the mitochondria, heat and hypoxic
stress can directly activate complex III of the electron transport chain to release
ROS. NO, generated from testicular and endothelial cells in the testis with varico-
cele, can nitrosylate complexes I and IV to promote excessive release of ROS by
complex III. In the sperm tail, where glycolytic units are present, NO can nitrosylate
glyceraldehyde-3-phosphate dehydrogenase, contributing to intracellular acidifica-
tion [59] through reducing the NADH to NAD" ratio and reducing the production
of lactate, as shown in Figs. 2.3 and 2.4.
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Fig. 2.3 Reactive oxygen and nitrogen species generation in infertile men with varicocele. Three
components can release ROS in men with varicocele under heat and hypoxic stress: the principal
cells in the epididymis, the endothelial cells in the dilated pampiniform plexus and the testicular
cells (developing germ cells, Leydig cells, macrophages and peritubular cells). ROS reactive oxy-
gen species
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Fig. 2.4 Varicocele-induced sperm biochemical pathways of ROS generation. In the mitochon-
dria, heat and hypoxic stress can directly activate complex III of the electron transport chain to
release ROS. NO, generated from testicular and endothelial cells in the testis with varicocele, can
nitrosylate complexes I and IV to promote excessive release of ROS by complex III. In the sperm
tail, where glycolytic units are present, NO can nitrosylate glyceraldehyde-3-phosphate dehydro-
genase, contributing to intracellular acidification through reducing the NADH to NAD" ratio and
reducing the production of lactate. ROS reactive oxygen species
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Why Is It That Not All Men with Varicocele Are Infertile?

Although seminal markers of oxidative stress are elevated in fertile men with vari-
cocele, this does not necessarily result in deterioration of fertility potential [104—
106]. As aforementioned, about 80 % of men with varicocele are fertile. As such, it
is reasonable to speculate that certain protective mechanisms are activated to coun-
teract the oxidative stress in order to protect sperm from damage. Variation in ge-
netic transcriptional responses to oxidative stress might explain why most men with
varicocele are fertile. Studies involving eukaryotic cells have shown that the genetic
response to oxidative stress varies both among different cell lines and in response to
different ROS subtypes and concentrations [107].

Unfortunately, human studies exploring the genomic and proteomic germ-cell
response to oxidative stress are lacking. However, varicocele-associated cellular
stressors (such as heat and hypoxia) might illicit similar and dissimilar genetic re-
sponses in germ, Sertoli, Leydig, epididymal principal and endothelial cells.

Heat and hypoxia induce damage to and/or alterations in sperm genetic material
and other sperm cell organelles. Electron microscopy of spermatozoa from infertile
men with varicocele revealed a high incidence of disintegrated plasma membrane,
reacted or absent acrosome, abnormal nuclear shapes with disrupted chromatin and
deranged axonemal and periaxonemal cytoskeletal structures [108]. Fluorescent in
situ hybridization also revealed a higher frequency of ancuploidy due to meiotic
segregation errors, resulting in more disomies and diploidies in spermatozoa from
infertile men with varicocele than in fertile controls [108]. Conflicting reports, how-
ever, suggest that oxidative stress resulting from heat and hypoxia can induce spe-
cific cellular genetic responses manifested by increases in mRNA that counteract
the harmful effects of ROS, therefore, conferring cellular adaptation to such stress-
ors [109]. As an example of mammalian cellular responses to oxidative stress, it has
been shown that in response to exogenous H,O, exposure, except for heme oxy-
genase (HO), and thioredoxin reductase (TRXR), the cell antioxidant system is not
inducible and is constitutive in nature [110]. With regards to varicocele, only heme
oxygenase has been studied [101, 111]. Enhanced heme oxygenase expression in
Leydig cells in the testes of men with varicocele is associated with the protection
of these cells, maintenance of an intact testosterone milieu and process of sperm
production [101]. By contrast, lower seminal levels of heme oxygenase among in-
fertile men with varicocele are significantly correlated with the severity of sperm
count reduction observed in these men (p=0.001) [111]. Currently, the mechanisms
by which nuclear and/or mitochondrial genes are regulated or repressed in response
to varicocele-associated cellular stressors are still unknown. We speculate that in
addition to constitutively-expressed cellular antioxidants, the functional genetic re-
sponse to oxidative stress is a key element for cellular survival. According to our
hypothesis, germ cells can compensate for the elevated levels of oxidative stress
markers measured in fertile men with varicocele, thereby protecting sperm from
damage. In infertile men with varicocele, these adaptive genetic responses might be
overwhelmed, culminating in sperm dysfunction and cell death.
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Key Points

No mechanism has conclusively explained infertility in men with varicocele.
Scrotal hyperthermia, hormonal disturbances, testicular hypoperfusion and hy-
poxia as well as backflow of toxic metabolites are potential mediators of varico-
cele-mediated infertility.

Oxidative stress has been implicated as the central mediator of varicocele-asso-
ciated infertility.

Variation in genetic transcriptional response to oxidative stress might explain
why most men with varicocele retain their reproductive potential.



Chapter 3
Association Between Varicocele and Infertility

The rationale for varicocele contribution to male infertility is based on a multitude
of evidence derived from epidemiologic, histologic, pre- and post-varicocele repair
semen analysis and pregnancy outcomes studies.

Epidemiologic Evidence

The prevalence of palpable varicocele is higher among infertile men (21-41 %) than
in the general male population (4.4-22.6%) (112). According to the largest study
on varicocele in adults ever conducted, which involved 9034 men, varicocele was
found to affect 11.7 % of the total male population. Such an estimate, however, has
risen to 25.4% among the infertile male population with abnormal semen param-
eters (113). Furthermore, deterioration in both sperm concentration and motility
was reported over time in men with varicocele [114]. The frequency of varicocele is
significantly higher among men with secondary (81 %) compared to men with pri-
mary (35 %) infertility [3, 30, 115]. Such data suggests that the detrimental effect of
varicocele on spermatogenesis is of a progressive nature and its testicular damaging
effect is an ultimate outcome.

Evidence from Testicular Histopathology Studies

Experimental induction of left varicoceles in rats, dogs, rabbits, and monkeys re-
sulted in deleterious effects on both testicular endocrine and exocrine function
[116-118].

In humans, decrease in the ipsilateral testicular volume due to hypotrophy (ar-
rest of ipsilateral testicular growth at time of puberty resulting in more than 10%
volume difference compared to contralateral testis) is present in approximately half
of the varicocele patients [119]. In a study involving more than 4000 adolescents
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with varicocele, testicular hypotrophy was present in 34 % of those with a grade
2 varicocele compared to 81 % of those with a grade 3 varicocele, thus indicating
that there is an association between varicocele size and testicular volume reduction
[120]. Such reduction in testicular volume is associated with a lower total motile
sperm count than that observed in varicocele patients without testicular hypotrophy
[120-122].

Histologic examination of testicular biopsies of infertile men with varicocele
has revealed changes in both the seminiferous tubules and interstitial tissue. A large
variability in tubular diameter is observed, with a marked tubular dilatation in focal
areas associated with seminiferous tubular atrophy. Variable degrees of hyposper-
matogenesis (germ cell hypoplasia), which denotes a decline in the number of germ
cells per seminiferous tubules, is commonly seen in association with premature
sloughing of immature germ cells into the lumen of the seminiferous tubules. Other
histologic phenotypes include: (i) Maturation arrest, which is the failure of germ
cells to proceed beyond a certain stage of spermatogenesis; (ii) Sertoli-cell-only
syndrome (germinal cell aplasia), which is the complete absence of germ cells at
any stage of spermatogenesis; or Sertoli cells and isolated spermatogonia; and (iii)
Tubular hyalinization. Thickening of the tubular (inner) basement membranes, in-
terstitial hyperplasia and peritubular inflammatory infiltrates are also noted [123—
125].

In the lumen, in addition to sloughed cells, germ cell maturation abnormalities
can be seen including spermatids with an elongated head and thin base. The Sertoli
cells usually show apical cytoplasm vacuolization, dilatation of smooth endoplas-
mic reticulum, and alterations in the Sertoli-germ cell junctions [126]. The tes-
ticular interstitial tissue is usually swollen due to diffuse edema and an increased
proliferation of collagen fibers. Dilatation of lymphatic vessels and blood stagna-
tion in small vessels may be also observed. Leydig cells have variable appearance,
namely, atrophic, hypoplastic, or hyperplasic. Surprisingly enough, Bouin’s solu-
tion fixed testicular biopsies of the contralateral testis without varicocele show the
same histologic alterations with slightly less severity than the ipsilateral testis with
varicocele [127].

Evidence from Studies Examining Epididymis Anatomy
and Function

The epididymis is a complex ductal organ, which is responsible for providing a spe-
cific intraluminal microenvironment for sperm maturation in the proximal regions
and sperm storage in the distal portions. Such microenvironment is maintained both
by transport between blood and lumen (and vice versa) and by synthesis and secre-
tion of certain substances into the lumen. After passage through the epididymal
duct, intraluminal hypertonicity is responsible for changes in sperm morphology
to maintaining of a small volume of cytoplasmic droplet and its migration towards
the sperm mid-piece [128]. Several low molecular weight organic molecules such
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as carnitine and inositol are present in high concentration in the epididymal lumen,
but their role in sperm maturation and storage remains unclear. Metabolic processes
within the epididymis are regulated by androgens [129], which are provided by
both the testis via continuous free fluid transport through the efferent ducts, and the
circulation.

Experimental varicocele in the animal model has been useful to study the chang-
es in epididymal structure and function. One month after induction of varicocele in
rats, reduction in epididymis weight and tubular diameter of the caput region have
been observed [130]. Furthermore, terminal deoxynucleotidyl transferase dUTP
nick end labelling (TUNEL) assay has shown an increased apoptosis of principal
epididymal cells, which was associated with a reduction in protein and carnitine
contents, as well as a decrease in a-glucosidase activity [130, 131]. Epididymal
a-glucosidase activity and carnitine are markers of epididymal function and sperm
content within the epididymis.

Experimental varicocele models have also shown microscopic and ultrastruc-
tural changes in the epididymal principal cells related to the duration of disease
[132]. These changes include cytoplasmic vacuolation and widening of intercel-
lular spaces. An excess of immature sperm and sperm with cytoplasmic droplets
are clearly identified within the caput tubular lumen [131]. Hypoxia and heat stress
are the two pathogenic mechanisms that can explain the damage and apoptosis to
principal cells. Under these stressful conditions, the principal cells can overproduce
ROS, which in turn causes oxidative damage to the maturing sperm and epididymal
cells when combined with inadequate amount of antioxidants [133, 134].

Although human studies examining the effect of varicocele in the epididymis is
scarce in the literature, certain epididymal functional markers have been examined
in infertile men with varicocele. In one study, Lehtihet et al. [135] observed an
increase in alpha-glucosidase, which is a specific epididymis-derived protein, from
61.7+5.7U to 84.7+£7.0 U (p<0.05), and a decrease in sperm droplets, which is a
marker of sperm immaturity, from 14.2+1.5%to 11.0£1.0% (p<0.05), after repair
of large varicoceles by embolization.

Taken together, these data indicate that reduction in fertility potential associated
with varicoceles comprises both testicular and epididymal function, with a possible
negative effect on sperm maturation.

Evidence from Studies Examining Conventional Semen
Analysis Results

Altered semen quality is frequently seen in infertile men with varicocele. Specifi-
cally, lowered sperm counts, motility and morphology are commonplace, and these
findings are often associated with tapering and amorphous spermatozoa forms [136].
Also, a high proportion of spermatozoa with alterations in the middle piece has been
observed, of which the most common is residual cytoplasmic droplet [137].
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Evidence from Studies Examining Specialized Sperm
Function Testing

Zona Pellucida Binding

In a small study, Hauser et al. [138] examined sperm binding ability in men with
varicocele-related infertility. The authors divided the patients into three groups
based upon the pregnancy outcome and time to achieve pregnancy: (i) Group I
consisted of three couples that achieved pregnancy within 6 months; (ii) Group II
consisted of four couples who achieved pregnancy between 12—18 months; and (iii)
Group III included five couples in whom pregnancy had not been recorded during
the follow-up period. Sperm binding to the zone pellucida (ZP), as measured by the
hemizona assay (HZA), significantly improved after varicocele repair in the groups
who achieved conception, and such improvement was predictive of occurrence of
pregnancy.

Sperm Penetration Assay

Vigil et al. [139], examined the sperm penetration assay by comparing three groups
of men: (i) Group 1 (control) consisted of fertile men; (ii) Group 2 (experimental)
consisted of infertile men without varicocele; and (iii) Group 3 consisted of infertile
men with varicocele. The mean number of hamster oocytes penetrated by spermato-
zoa was significantly lower in infertile patients, particularly those with varicocele:
50%=+8% in the control, 19%+3% in group 2, and 10%+3 % in the varicocele
group (p<0.001).

Hypo-Osmotic Swelling Test

The hypo-osmotic swelling test (HOST) is based on the permeability of the intact
cell membrane, which causes spermatozoa to “swell” under hypo-osmotic condi-
tions as a result of an influx of water that causes expansion of sperm tail volume.
Fuse et al. [140] examined HOST in the semen of 60 men before and after varico-
cele repair. The authors divided the patients into two groups: (i) Group 1 consisted
of 18 men with varicocele who successfully impregnated their partners, and (ii)
Group 2 consisted of 42 men who did not. The authors reported that the magnitude
of improvement in the HOST results after treatment was correlated with successful
pregnancy outcomes.
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Sperm Reactive Oxygen Species Testing

Many studies have measured seminal markers of oxidative stress in infertile men
with varicocele, and compared the values obtained with those of either fertile men
or infertile men with idiopathic infertility.

Malondialdehyde measurement is one of the tests that can assess oxidative stress.
Malondialdehyde is a byproduct of lipid peroxidation, and can be easily measured
by the thiobarbituric acid reactive substances (TBARS) assay [141]. Another meth-
od by which laboratories can test oxidative stress levels is via chemiluminescence
assay. Luminol and lucigen probes can be used to determine the level of oxidative
species owing to their ability to react with such molecules, upon which the probes
emit a photon that can be measured using a spectrophotometer [142]. Chemilumi-
nescence is advantageous because it can be used to measure both the intracellular
and extracellular ROS levels and is, therefore, a more holistic approach to measur-
ing oxidative species in the ejaculate than malondialdehyde measurement. Direct
oxidative-stress measurements include total or specific ROS level in semen and to-
tal antioxidant capacity (TAC), whereas indirect measurements can involve the as-
sessment of lipid peroxidation products (malondialdehyde), protein oxidation prod-
ucts (such as protein carbonyl) and oxidized DNA (8-hydroxy-2’-deoxyguanosine
[8-OHdG]) [143]. Additionally, markers of oxidative stress have been measured in
both testicular tissue biopsy specimens, and peripheral and spermatic veins blood
specimens, as shown in Table 3.1A, B and C.

Controlled trials that have examined ROS levels by chemiluminescence indicate
that infertile men with varicocele exhibit higher seminal ROS levels than fertile
controls [62, 72, 74, 104-106, 144—147]. Higher seminal levels of specific free
radicals, namely nitric oxide (NO) and nitric oxide synthase (NOS; isoform not
reported), have also been detected in infertile men with varicocele compared with
fertile men without varicocele [148—152]. Along the same lines, levels of hydrogen
peroxide (H,0,) and extracellular seminal superoxide anion have been shown to
be significantly higher in the semen of infertile men with varicocele than in fertile
healthy controls [153, 154].

Among studies that used indirect oxidative stress assessment, the malondialde-
hyde assay has been the preferred method. Six out of eight controlled studies dem-
onstrated that seminal malondialdehyde levels were significantly higher in infertile
men with varicocele than in fertile healthy donors without varicocele [71, 106, 148,
152, 153, 155-157]. Other indirect markers, such as seminal hexanoyl-lysine (an-
other lipid peroxidation product) and 8-OHdG, were also recognized to be elevated
among infertile men with varicocele [149].

Direct (NO and inducible nitric oxide synthase [iNOS]) and indirect (malondial-
dehyde, 4-hydroxynonenal and 8-OHdG) markers of oxidative stress have been also
measured from testicular biopsy specimens taken at the time of varicocele repair.
In both Leydig and endothelial cells, iNOS is upregulated in infertile men with
varicocele; as such, higher amounts of NO are also detected [158]. Indeed, Shiraishi
et al. [159] demonstrated that large varicoceles are associated with enhanced up-
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regulation of iNOS. Tissue levels of malondialdehyde, 4-hydroxynonenal-modified
proteins and 8-OHdG were also significantly higher in men with varicocele than
in fertile healthy controls without varicocele [63, 101, 160, 161]. Koskal et al. [63,
162] observed elevated levels of malondialdehyde in human testes exhibiting se-
verely disordered spermatogenesis, and that tissue malondialdehyde levels posi-
tively correlated with varicocele grade. The aforementioned researchers, however,
failed to show a significant difference in tissue malondialdehyde levels between
infertile men with varicocele and men who were infertile due to other reasons [63,
162], thus postulating that oxidative stress might be generated by different mecha-
nisms in infertile men. In another study, Shiraishi et al. [161] showed that eleva-
tions of 4-hydroxynonenal-modified proteins in infertile men with varicocele were
well-correlated with scrotal temperature elevation, but not with varicocele grade.
This study supported the role of heat stress in generation of oxidative stress within
testicular tissue exposed to varicocele.

Spermatic veins are essential components of the pathogenesis of varicocele-
related infertility. Endothelial cells can generate excessive amounts of ROS under
certain stimuli. Several studies have compared the plasma levels of iNOS, NO, xan-
thine dehydrogenase/oxidase, malondialdehyde, H,0, and protein carbonyl content
in the spermatic and peripheral veins of infertile men with varicocele as well as in
controls. Plasma levels of NO and iNOS in spermatic vein of infertile men with
varicocele are significantly higher than those in the peripheral blood of the same
patients and healthy controls [61, 163—166]. Such findings suggest a possible con-
tributory effect of NOS in the spermatic vein in the generation of local testicular
oxidative stress. Similarly, other plasma markers, namely xanthine dehydrogenase/
oxidase, malondialdehyde, H,O, and protein carbonyl content, are significantly
higher in the spermatic veins of infertile men with varicocele than in peripheral
veins of the same patients and healthy controls [61, 164—167].

Seminal TAC, enzymatic and non-enzymatic antioxidant measurements have
also been used to directly assess oxidative stress. Most controlled studies have
shown that seminal TAC and specific non-enzymatic antioxidants were lower in
infertile men with varicocele versus fertile healthy controls, as shown in Table 3.2
[67, 72, 105, 144-147, 168, 169]. These findings can be rationalized as non-enzy-
matic antioxidants, which account for approximately 65 % of the TAC, are used to
scavenge excessive ROS [170].

In contrast, specific measurements of seminal antioxidant enzyme activity, par-
ticularly superoxide dismutase, which scavenges superoxide ions, have yielded
conflicting results. Although the activities of seminal catalase, which detoxifies hy-
drogen peroxide, and glutathione peroxidase, are significantly reduced in infertile
men with varicocele [106, 152, 153, 156], seminal superoxide dismutase activity
can be either unchanged [157] or increased/decreased [106, 149, 152, 153, 156]. It
should be noted, however, that the majority of studies assessing enzymatic antioxi-
dants in men with varicocele have measured their specific activities rather than their
concentrations. Several factors can alter antioxidant enzyme activity, such as sub-
strate concentration (ROS levels), pH, temperature and enzyme concentration, and
therefore should be adjusted to properly assess specific antioxidant enzyme activity.
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For instance, elevated scrotal temperature can result in inactivation of catalase and
glutathione peroxidase because they are heat-labile enzymes [171]. The aforesaid
enzymes can also undergo auto-oxidative damage by exposure to high levels of
ROS [172], thus explaining their reduced activity in infertile men with varicocele
despite the demonstration of heat-induced catalase gene overexpression in experi-
mental cryptorchidism [173]. The decline in the enzymatic activities of catalase
and glutathione peroxidase might explain the increase in H,O, levels that has been
observed in the semen of infertile men with varicocele [106, 153].

In contrast, superoxide dismutase (SOD) is a thermostable enzyme that detoxi-
fies intracellular and extracellular superoxide anions, which results in H,0, forma-
tion. H,0,, in turn, will ultimately be detoxified by catalase or glutathione peroxi-
dase. Under normal conditions, intratesticular SOD levels are higher than that of
catalase or glutathione peroxidase [174. Additionally, superoxide dismutase activity
is generally increased in the presence of electron donors and it is inactivated in the
presence of electron acceptors [175]. These features explain why SOD activity is
either unchanged or increased in infertile men with varicocele [149, 157]. How-
ever, the sustained activity of SOD leads to the generation of additional testicular
H,0, that exceeds the detoxifying capacity of catalase or glutathione reductase,
resulting in excessive oxidative stress [176]. Whether superoxide dismutase activ-
ity is inducible or constitutively expressed in infertile men with varicocele remains
unclear because studies assessing the transcriptional expression of the enzyme in
these men, using either mRNA determination or protein concentration, are lacking.
Nevertheless, the SOD gene shows an initial increase followed by a slight decrease
in response to scrotal hyperthermia [174].

Chromatin Integrity Testing

Sperm DNA fragmentation could also result from aberrant chromatin packaging
during spermatogenesis or be a consequence of the triggering of an apoptotic-like
process from the overproduction of ROS. Sadek et al. [69] assessed the rate of
sperm chromatin condensation using aniline-blue staining in 72 infertile men with
varicocele before and after repair and compared the results to 20 fertile healthy con-
trols. The authors showed a significant decrease in the mean percentage of stained
sperm heads in infertile men with varicocele (9.33+13.3) 3 months following sur-
gical correction of grade III varicose veins compared with the pre-operative levels
(61.77+16.8), P=0.043.

Sperm chromatin integrity is reduced in men with varicocele. In a compilation
of twelve studies comparing sperm DNA fragmentation (SDF) in patients with and
without varicocele, SDF was significantly higher in men with varicocele (mean dif-
ference=9.9%; 95% CI: 9.2-10.5; p<0.0001) [177]. In the same aforementioned
study, the authors examined seven studies evaluating the effect of varicocele repair
on SDF, and found that repair yielded to a significant decrease in SDF (mean differ-
ence=3.4%; 95% CI: —4.1 to —2.6; p<0.0001)(177).
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Evidence from Surgically-Treated Varicocele

Varicocelectomy has shown to improve at least one semen parameter, namely, sperm
count, motility or morphology, in approximately 65 % of the treated subjects [178].
In a meta-analysis of 17 studies that evaluated approximately 1200 infertile men
with at least one abnormal semen parameter (sperm count, motility, and morphol-
ogy) who had undergone high ligation or inguinal microsurgery for the treatment
of palpable varicoceles, the authors showed that post-operatively, sperm count was
improved by 9.7 x 10° (95 % confidence interval [CI] 7.34-12.08; P<0.001), sperm
motility by 9.9% (95 % CI 4.90-14.95; P<0.001), and morphology by 3.2 % (95 %
CI0.72-5.60; P=0.01) [179].

Regarding the influence of varicocele repair on pregnancy rates, contradictory
results have been reported. In a meta-analysis by Evers and Collins [180], no benefit
was verified after varicocele treatment regarding the odds of pregnancy. However,
a major critique to this study was the inclusion of patients with subclinical varico-
cele and/or normal semen characteristics [181]. When clinically palpable varico-
cele coexists with impaired semen quality, current evidence supports a favorable
effect of varicocele repair on pregnancy outcomes. Within this clinical scenario,
Ficarra et al. [181] reviewed the randomized clinical trials for varicocele repair,
and found a significant increase in the pregnancy rates for patients who under-
went varicocele treatment (36.4 %) compared with those having no treatment (20 %)
(P=0.009). Similarly, Marmar et al. [ 182] reported a significantly higher pregnancy
rates (33 %) in the group of men who had undergone varicocele repair compared
with those who remained untreated (15.5 %; odds-ratio=2.87; 95% CI, 1.33-6.20,
P=0.007). In their study, the chances of natural conception were 2.8-fold higher in
the varicocelectomy group compared with the group of patients who received either
no treatment or medication [182].

Key Points

* Varicocele has been associated with a reduced male fertility potential.

» Epidemiologic studies consistently reported a higher prevalence of palpable
varicocele among infertile men (21-41%) than the general male population
(4.4-22.6%).

» Experimental induction of varicocele in animals results in a bilateral deteriora-
tion of testicular endocrine and exocrine function.

* Animal and human studies examining the effects of varicocele on the epididymis
function revealed a decrease in organ weight and a deterioration in sperm, both
of which are reverted after varicocele repair.

» Histologic examination of testicular biopsies of infertile men with varicocele
reveals changes in both seminiferous tubules and interstitial tissue. Predominant
pathological changes include hypospermatogenesis and maturation arrest.

» Testicular growth arrest at puberty is seen in more than half of the adolescents
with varicocele. Such findings are positively correlated with varicocele size.
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» Altered semen quality is frequently seen in infertile men with varicocele. Stress
pattern of impaired semen quality, including lowered sperm counts, motility and
morphology is frequently observed, and these findings are often associated with
tapering and amorphous sperm forms.

» Varicocele is associated with altered sperm function revealed by contemporary
sperm function tests.

» Varicocele repair can lead to improvements in semen parameters and sperm
function.



Chapter 4
Varicocele Classification

In this chapter, we examine the several classification modes have been used to di-
agnose and grade varicocele, including physical exam, venographic examination,
color Doppler study and thermographic tests. The diagnostic accuracy of the differ-
ent methods for detecting varicocele is shown in Table 4.1.

Physical Examination

Physical examination with the patient standing in a warm room is currently the pre-
ferred method for varicocele diagnosis. This method has a sensitivity and specificity
of around 70 % compared with other diagnostic tools, such as venography and color
Doppler studies [112, 184]. Based upon clinical examination, varicocele is gener-
ally classified according to Dubin et al. [185] into:

1. Impalpable or subclinical type or grade 0 when it is not palpable or visible at rest
or during Valsalva maneuver, but demonstrable by scrotal ultrasound and color
Doppler examination.

2. Palpable varicocele when it is clinically palpable at rest or with the aid of Val-
salva maneuver. Such varicoceles are further divided into:

Grade 1: Palpable only during Valsalva maneuver
Grade 2: Palpable at rest, but not visible
Grade 3: Visible and palpable at rest

A grade III varicocele is easily identified, as shown in Fig. 4.1, while lower grade
varicoceles may be difficult to recognize particularly in certain clinical situations
such as prior scrotal surgeries, cryptorchidism, obesity and hydrocele [186].

© The Author(s) 2016 37
A. Hamada et al., Varicocele and Male Infertility, SpringerBriefs in Reproductive
Biology, DOI 10.1007/978-3-319-24936-0_4
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Table 4.1 Diagnostic accuracy of methods to detect venous reflux to the pampiniform plexus

Sensitivity (%) Specificity (%) Accuracy (%)
Physical exam 70 70 67
Color Doppler ultrasound 93 85 ND
Venography 100 60-70 ND
Thermography 84-98 81-100 ND
ND not defined

Fig. 4.1 Photograph of a
grade 3 varicocele

Color Doppler Ultrasonography

Whenever physical examination is inconclusive or difficult to perform as in cases of
low-grade varicocele, previous scrotal surgery, obesity, concomitant hydrocele, or
scrotal tenderness/hypersensitivity, imaging studies are recommended. Among the
non-invasive modalities, color Doppler ultrasound (CDU) has been shown to be the
best non-invasive diagnostic tool.

The ultrasound study of the scrotum should be performed with high frequency
linear probes and with devices able to evaluate blood flow. Blood vessels are first
studied in a grey scale and then with the color Doppler and the pulse Doppler.
For the correct detection of fluxes, CDU must be calibrated to detect a slow flow
(7.5 kHz). The evaluation should be performed in the supine and then the upright
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Table 4.2 Scoring system for color Doppler ultrasound (CDU) diagnosis of varicocele, as pro-
posed by Chiou et al. [188]

CDU parameter Score
Maximum vein diameter (mm)

<2.5-0 0
2.5-2.9 1
3.0-3.9 2
>/=4.0 3
Plexus/sum of diameter of veins

No plexus identified 0
Plexus (+) with sum diameter <3 mm 1
Plexus (+) with sum diameter 3—5.9 mm 2
Plexus (+) with sum diameter >/=6 mm 3
Change of flow velocity on Valsalva maneuver

<2 cm/s or duration <1 s 0
2-4.9 1
5-9.9 2

positions, with and without a Valsalva maneuver, in order to obtain a complete
evaluation of the fluxes in the seminal cord veins [187].

Using the commonly accepted CDU criterion of a 3 mm or greater vein diameter
for varicocele, CDU was shown to have a sensitivity of about 50 % and specificity
of 90% compared to physical examination [188]. It means that CDU tests nega-
tive in approximately half of the patients with palpable varicocele (low sensitivity),
while it is unlikely that a patient with a non-palpable varicocele will test positive
by CDU (high specificity). To circumvent this matter, Chiou et al. [188] proposed
a scoring system incorporating the maximal venous diameter (score 0-3), the pres-
ence of a venous plexus and the sum of the diameters of veins in the plexus (score
0-3), and the change of flow on Valsalva maneuver (score 0-3). Using a total score
of 4 or more to define the presence of CDU-positive varicocele, the authors ob-
served a sensitivity of 93 % and a specificity of 85% when compared to physical
examination. In their study evaluating 64 patients, all moderate to large varicoceles
found on physical examination were positive by CDU diagnosis using the scoring
system, but the same group had only a 68 % positive rate by traditional CDU diag-
nostic criteria. The scoring system for CDU diagnosis of varicocele, as proposed by
Chiou et al., is shown in Table 4.2.

Pilatz et al. [189] using a 7 MHz transducer determined that the optimal vein di-
ameter cutoff points for discriminating testicles with or without clinical varicocele
was 2.45 mm in the relaxed supine position (sensitivity 84 %, specificity 81 %) and
2.95 mm during Valsalva maneuver (sensitivity 84 %, specificity 84 %).

In accordance with Sarteschi et al. [190], varicocele can be divided into five
grades according to the characteristics of the reflux and its length, and to changes
during Valsalva’s maneuver:
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Fig. 4.2 Schematic illustra-
tion depicting the use of the
9MHz pencil-probe Doppler
stethoscope for varicocele
examination. The patient is
examined in the upright posi-
tion and the conducting gel is
applied at the upper aspect of
scrotum. A venous ‘rush’ may
be heard during the Valsalva
maneuver, indicating blood
reflux

3

» Grade 1 is characterized by the detection of a prolonged reflux in vessels in the
inguinal channel only during Valsalva’s maneuver, while scrotal varicosity is not
evident in the previous grey-scale study.

» Grade 2 is characterized by a small posterior varicosity that reaches the superior
pole of the testis and whose diameter increases after Valsalva’s maneuver. The
CDU evaluation clearly demonstrates the presence of a venous reflux in the su-
pratesticular region only during Valsalva’s maneuver.

» Grade 3 is characterized by vessels that appear enlarged to the inferior pole of
the testis when the patient is evaluated in a standing position, while no ectasia is
detected if the examination is performed in a supine position. CDU demonstrates
a clear reflux only under Valsalva’s maneuver.

» Grade 4 is diagnosed if vessels appear enlarged, even if the patient is studied in a
supine position; dilatation increases in an upright position and during Valsalva’s
maneuver. Enhancement of the venous reflux after Valsalva’s maneuver is the
criterion that allows the distinction between this grade from the previous and the
next one. Hypotrophy of the testis is common at this stage.

» Grade 5 is characterized by an evident venous ectasia even in an upright position.
CDU demonstrates the presence of an important basal venous reflux that does
not increase after Valsalva’s maneuver.

A pencil probe Doppler (9 MHz) is an inexpensive alternative to assess men with
varicocele, as shown in Fig. 4.2. Examination should be carried out with the patient
standing and a venous “rush” produced by blood reflux should be heard under Val-
salva maneuver [4]. Although simple, this method was shown to be positive in men
harboring subclinical varicocele [17]. The use of pencil probe Doppler has been
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advocated as an useful tool to assess subclinical varicocele on the contralateral side
in a patient who already has a palpable varicocele to decide whether or not bilateral
surgical repair is to be performed [191]. At present, the clinical significance of a
positive result for venous reflux as shown by adjuvant diagnostic modalities such
as the CDU and pencil probe Doppler in infertile men is uncertain. It is our routine,
however, to examine the contralateral cord with a pencil-probe Doppler (9 MHz)
stethoscope to determine if a subclinical varicocele exists when a clinically palpable
varicocele is identified at one side only. Whenever present, the subclinical varico-
cele is treated at the same time as the coexistent clinical varicocele. This is based
on the observation that altered blood flow after varicocelectomy may unmask an
underlying venous anomaly and result in clinical varicocele formation [23].

Spermatic Venography

The technique of spermatic venography for varicocele diagnosis was first described
by Ahlberg in 1966 [192]. It is performed using the Seldinger technique via the right
femoral vein or right internal jugular vein with minor variations. Venography is
often conducted in conjunction with therapeutic occlusion or in research purposes.

Briefly, the technique is performed through a transfemoral approach, the an-
giographer places a catheter with a single curved tip into the left or right gonadal
vein to a point just beyond the valve most proximal to the left renal vein or inferior
vena cava, respectively. The examiner then administers 5-10 mL of 60 % iodinated
contrast material by hand injection and obtains two radiographs that document the
caliber of the abdominal and pelvic portions of the internal spermatic vein and show
the presence of venous collateral and anastomotic channels. It is possible to look for
left internal spermatic vein valvular incompetence by placing the catheter tip in the
left renal vein and injecting contrast material while the patient performs a Valsalva
maneuver. It is usually not necessary to image the scrotum, and gonadal shielding
is both feasible and desirable.

In patients with varicoceles the internal spermatic vein diameter will be enlarged
(4-12 mm), and reflux of contrast material may extend to the abdominal, pelvic,
inguinal, or scrotal portions of the spermatic vein. When venography is performed
in subfertile patients with palpable varicoceles, reflux is seen in nearly 100% of
patients [193]. However, in subfertile patients without a palpable varicocele, left
testicular reflux has been reported in 60—70 % of patients [194].

Although venography is highly sensitive for detecting reflux of blood to the
pampiniform plexus, its significance with reference to the presence of a clinical
varicocele is unclear. Technical factors, including placement of the catheter beyond
the most caudal venous valves that artificially bypasses the valves, and high injec-
tion pressure that does not reflect normal physiologic conditions are responsible for
false-positives, thus lowering specificity of venographic studies [195, 196].

Marsman reported venographic findings in patients with clinical and subclinical
varicoceles using nonselective and selective left spermatic vein catheterization and



42 4 Varicocele Classification

selective right spermatic vein cannulation [197]. A major difference between the
two groups was the degree of reflux. The authors classified the degree of reflux into
grades 0-5, in which grade 0 represented absence of reflux and grades 1-5 repre-
sented reflux into the upper lumbar, lower lumbar, upper pelvic, lower pelvic, or
inguinal portions of the spermatic veins, respectively [197]. Sigmund and associates
described two different types of varicoceles based on findings at Doppler evaluation
and venography; these were the stop-type and shunt-type varicoceles [198]. In pa-
tients with stop-type varicoceles, retrograde venous reflux documented by contrast
injection or by bidirectional Doppler flow signal stagnates in the internal spermatic
vein. In patients with shunt-type varicoceles, retrograde venous reflux is followed
by detectable increase in antegrade venous outflow through the cremasteric and def-
erential veins into the external pudendal, internal iliac, external iliac, and femoral
veins. These authors found that in a group of 44 patients, 6 had subclinical, small,
stop-type varicoceles, and 38 had clinically apparent, medium or large, shunt-type
lesions [198].

Thermography

Thermography is a diagnostic method that measures temperature differences across
the skin surface using non-contact telethermography utilizing infrared camera or
contact thermography utilizing liquid crystals varicoscreen. Thermography was
first used in medicine as early as 1957 [199], and it was applied to varicocele in
the 70s. However, thermographic equipment was expensive, large in size, had poor
resolution with potentially high thermal drift and there was a lack of software sup-
port for image interpretation.

Scrotal thermography was shown to be a useful diagnostic method for varico-
cele, because testicles have lower temperature than core body temperature in normal
conditions [200]. Heat clearance by venous flow through pampiniform plexus is im-
portant to maintain this lower temperature. Given that overlaying skin temperature
depends on the complex relationships of heat exchange between skin tissue, inner
tissue, local vasculature and metabolic activity, venous stasis in varicocele may lead
to elevated temperature of affected pampiniform plexus and/or testicle that may be
detected by thermography.

Contact thermography involves the application of a flexible film containing
heat-sensitive liquid crystals. This is applied to the scrotum once the patient has
been undressed and upright for 5 min in a room at normal temperature. The phallus
is taped to the abdominal wall to prevent interference. The thermostrips of different
colors correlate with different temperatures, allowing for easy interpretation by the
operator [184].

In contrast, infrared thermography allows imaging of the surface thermal distri-
bution. Recent development of focal plane array thermovision cameras and accom-
panying software rendered digital thermography both less expensive and easier to
standardize. The equipment consists of an E-25 digital infrared video camera (Flir
Systems, Boston, MA), which has a sensitivity for temperature variance of 0.2 °C.
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It is used in combination with QuickView2 software (Flir Systems) for analyzing
data [201]. To perform the examination, the patients should stand in a temperature-
controlled room (air temperature approximately 24 °C) with the scrotum exposed
for 5 min before examination. The device records maximum and minimum tem-
peratures of a selected area, along with average and standard deviation. The penis
should be held against the abdominal wall. In healthy men the average temperature
of the scrotum is symmetric and should not exceed 32 °C, corresponding to the col-
ors blue or green. In varicocele the temperature is higher, usually between 32.5 and
35.3°C, represented by a reddish color. Furthermore, a right-left average tempera-
ture variation of >0.8 °C that involves more than 25 % of the hemiscrotum indicates
a varicocele [202].

The discriminative value of the technique is enhanced when used in combination
with the Valsalva maneuver, which further enhances the asymmetrical pattern or
elevated temperature, making it particularly attractive to diagnose low-grade vari-
coceles. It can be also used as a follow-up method to evaluate success of varicocele
treatment [202-204].

Using contact scrotal thermography, Hirsh et al. [205] reported similar accuracy
for detecting varicocele compared with Doppler flow studies. Combhaire et al. [16],
Lewis and Harrison [201], Kormano et al. [206], and Pochaczevsky et al. [207]
have also advocated the use of scrotal thermography in evaluating patients with sus-
pected varicoceles. However, Mieusset et al. [208] reported that increased scrotal
temperatures were also observed in infertile men with abnormal spermatogenesis
without varicoceles. Although scrotal thermography may also be used as an adjunc-
tive test to confirm the clinical impression, it has not been widely employed. Further
studies are needed to verify the sensitivity and specificity of non-contact thermog-
raphy in diagnosis compared to CDU and venography.

Key Points

» Varicocele can be diagnosed and graded using different methods including physi-
cal examination, venography, color Doppler ultrasonography, and thermography.

» Based upon clinical examination varicocele is classified into impalpable and pal-
pable varicocele. Palpable varicoceles are graded in: (i) Palpable only during
Valsalva maneuver (grade 1); (ii) Palpable at rest, but not visible (grade 2); Vis-
ible and palpable at rest (grade 3).

*  Whenever physical examination is inconclusive or difficult to perform as in cas-
es of low-grade varicocele, previous scrotal surgery, obesity, concomitant hydro-
cele, or scrotal tenderness/hypersensitivity, imaging studies are recommended.

» Although venography is considered the gold standard method for diagnosing re-
flux of blood to the pampiniform plexus, it is rarely used except when conducted
in conjunction with therapeutic occlusion.

* Among the non-invasive modalities, color Doppler ultrasound (CDU) has been
considered the best diagnostic tool.

* Thermography is a diagnostic method that measures temperature differences
across the skin surface using a highly sensitive non-contact telethermography
utilizing infrared camera or contact thermography utilizing liquid crystals vari-
coscreen.



Chapter 5
Treatment Modalities

In this chapter, we discuss the therapeutic modalities that have been applied to the
treatment of varicocele, including medical therapy, surgical repair and embolization
technique.

Medical Therapy

Nonsurgical treatment modalities for varicocele-related infertility have been poorly
studied. Use of antioxidants, anti-inflammatory and gonadotropin therapy has been
attempted with conflicting results, as shown in Table 5.1.

Antioxidants and Anti-Inflammatory Agents

Oral antioxidants for varicocele-related infertility, either as a therapeutic alternative
or as an adjuvant treatment to varicocele repair have been recently examined.

In a rat model of varicocele, the use of a NOS inhibitor (aminoguanidine) re-
sulted in an increase in semen parameters and reduction in sperm DNA fragmenta-
tion [209, 210]. Vitamin E has been also shown to significantly reduce seminal ROS
levels in experimental rat varicocele model [211]. In humans, daily oral administra-
tion of pentoxifylline, zinc, and folic acid for 3 months improved sperm morphol-
ogy for at least 4 weeks after the end of treatment [212]. However, this evidence
comes from small non-controlled series with poor methodology. In another study,
Cavalleni et al. [213] studied the effects of a 6-month course of the oral antioxidants
L-carnitine (1 g/day) and acetyl-L-carnitine (2 g/day) given with the anti-inflamma-
tory cinnoxicam (30 mg suppository given every 4 days) in oligozoospermic infer-
tile men with or without varicocele. The researchers found that both men with low-
grade varicocele and idiopathic oligoasthenoteratozoospermia responded better to
the combination than those who were prescribed placebo or just the antioxidants. In

© The Author(s) 2016 45
A. Hamada et al., Varicocele and Male Infertility, SpringerBriefs in Reproductive
Biology, DOI 10.1007/978-3-319-24936-0_5
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a subsequent study by the same group, a 1 year course of cinnoxicam, improved the
semen quality of men with low-grade varicocele [214]. Taken together, these results
support the rationale of impaired fertility caused by elevated oxidative stress in
men with varicocele, and the beneficial effect of improving the antioxidant defense
system by exogenous antioxidant administration.

Chinese medicine exhibiting antioxidant activity has also been explored as ther-
apeutic alternatives to surgery in animal and human studies. Qiangjing, a herbal
medicine that was administered to rats with experimental varicocele, was found
to increase glutathione peroxidase and reduce malondialdehyde in the epididymal
fluid [215]. Semi-synthetic forms of bioflavonoid—a plant pigment that imparts
color to flowers and displays anti-inflammatory and antioxidant properties—have
also been used in men with varicocele. In one study, Zampieri et al. [216] admin-
istered 1000 mg/day of O-beta-hydroxyethylrutoside in a cyclical 3-month on/off
therapy for 1 year to 36 infertile men with subclinical left-sided varicocele. The au-
thors observed a slowed progression of varicocele in treated patients compared with
95 patients with subclinical varicocele who did not receive the bioflavonoid. The
patients in the untreated group failed to demonstrate any protective effects against
testicular growth arrest. Kili¢ et al. [217] used micronized flavonoid supplements to
relieve pain in normozoospermic men with varicocele and found that sperm motility
was markedly improved.

Few human studies have compared antioxidant or anti-inflammatory therapy
either alone of combined with surgical varicocele repair, as shown in Table 5.1.
In one study, Cavallini et al. [214] showed superiority of varicocele repair in com-
parison with non-steroidal anti-inflammatory cinnoxicam (30 mg, suppositories
used every 4 days for 12 months) to improve semen quality, especially when ap-
plied to high-grade varicoceles. In one study by Paradiso Galatioto et al. [218], the
association of N-acetyl cyteine (NAC) 600 mg to a combination of vitamins and
minerals (Vitamin C 3 mg/kg/day, vitamin E 0.2 mg/kg/day, vitamin A 0.06 1U/kg/
day, thiamine 0.4 mg/kg/day, riboxavin 0.1 mg/kg/day, piridoxin 0.2 mg/kg/day,
nicotinamide 1 mg/kg/day, pantothenate 0.2 mg/kg/day, biotin 0.04 mg/kg/day,
cyanocobalamin 0.1 mg/kg/day, ergocalciferol 8§ IU/kg/day, calcium 1 mg/kg/day,
magnesium 0.35 mg/kg/day, phosphate 0.45 mg/kg/day, iron 0.2 mg/kg/day, man-
ganese 0.01 mg/kg/day, copper 0.02 mg/kg/day, zinc 0.01 mg/kg/day) was able to
improve sperm count in men with persistent oligozoospermia following varicocele
embolization, but no effects were observed on pregnancy rates at 1-year follow-up.
Contrary results were achieved by Takihara et al. [219] in a uncontrolled study with
zinc sulphate therapy (440 mg for 60 days). The authors of this aforementioned
study reported that not only sperm motility but also pregnancy rates were improved
after varicocelectomy. Similarly, Yan et al. [220] reported increases in both seminal
parameters, including reduction of oxidative stress, and pregnancy rates in 30 in-
fertile men who received the Chinese medicine Jingling, which is a herbal derived
substance exhibiting antioxidant effects, after surgical varicocele repair.

Despite the potential advantages of oral antioxidant/anti-inflammatory agents
to varicocele patients, a definitive conclusion of its indication cannot be drawn at
the present time. Most published studies have inadequate design and lack controls,
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which prompts an urgent need for well-designed trials. For the time being, it is
sound to assume that antioxidant therapy will continue to be prescribed by urolo-
gists treating men with infertility issues with and without varicocele, despite the
lack of firm evidence supporting its routine prescription [221].

Surgical Treatment

The principle of surgical treatment is the interruption of the spermatic vein continu-
ity, thus shielding the testis from the harmful effect of venous reflux or high volume
venous blood flow, and therefore restore or improve testicular function.

Patient Selection

Current recommendations suggest that treatment should be offered for couples with
documented infertility whose male partner has a clinically palpable varicocele and
abnormal semen analysis. Given the diagnosis of such condition is mainly clinical,
a detailed medical history and physical examination must be taken, and prognostic
factors identified. Physical examination with the patient standing in a warm room is
the preferred diagnostic method, as discussed in Chap. 4. When physical examina-
tion is either inconclusive or equivocal, such as in cases of low-grade varicocele and
in men with a history of previous scrotal surgery, concomitant hydrocele or obesity,
imaging studies may be recommended [184, 222].

Pre-operative workup should include hormone profile testing particularly, fol-
licle stimulating hormone (FSH) and testosterone level. Testicular volume should
be assessed using a measurement instrument such as the Prader orchidometer or a
pachymeter [4]. At least two semen analyses must be obtained and evaluated ac-
cording to the World Health Organization guidelines [223].

Infertile men undergoing varicocele repair for large varicoceles are more likely
to show—semen parameters improvement [224]. On the other hand, reduced pre-
operative testicular volume, elevated serum FSH levels, diminished testosterone
concentrations and subclinical varicocele are negative predictors for fertility im-
provement after surgery [89, 203, 225-229].

Men with clinical varicoceles presenting with azoospermia may be candidates
for surgical repair. In such cases, genetic evaluation including Giemsa karyotyp-
ing and polymerase chain Yq microdeletion screening for AZFa, AZFb and AZFc
regions are recommended. A testis biopsy (open or percutaneous) may be obtained
to assess testicular histology, which has been shown to be the only valid prognostic
factor for restoration of spermatogenesis [230, 231]. The benefit of varicocelectomy
in azoospermic men with genetic abnormalities is doubtful and should be carefully
balanced. The same caution is valid for patients with atrophic testes and/or his-
tory of cryptorchidism, testicular trauma, orchitis, systemic or hormonal dysfunc-
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tion because varicocele in such cases may not be the cause of infertility but merely
coincidental.

As for all restorative surgical procedures in male infertility, the evaluation of the
female partner’s reproductive potential is recommended before an intervention is
indicated, and the alternatives to varicocele repair fully disclosed.

Surgical Techniques

The aim of surgical treatment of varicocele to infertile men is to offer the highest
improvement in the male fertility status with low complication rates. Because the
estimation of natural pregnancy after treatment is difficult to ascertain due to a vari-
ety of factors, including the lack of a uniform post-treatment follow-up interval and
female factor parameters such as age and reproductive health, the ultimate treatment
goal is to improve the male fertility potential regardless of the method to be used
for conception (unassisted or assisted). The ideal surgical technique should aim for
ligation of all internal and external spermatic and cremasteric veins, with preserva-
tion of spermatic arteries and lymphatics.

Anesthesia

Anesthesia for varicocelectomy may be carried out using local, regional or general
type, according solely with the surgeon and patient’s preferences. It is our pref-
erence to perform microsurgical subinguinal varicocele repair using short-acting
propofol intravenous anesthesia associated with the blockage of the spermatic cord
using 10 mL of a 2% lidocaine hydrochloride in an outpatient basis [230, 232].

Techniques

Both open (with or without magnification) and laparoscopic approaches are the sur-
gical methods for varicocele treatment. The high retroperitoneal and laparoscopic
approaches are performed for internal spermatic vein ligation while the inguinal and
subinguinal approaches allow the ligation of the internal and external spermatic and
cremasteric veins that may contribute to the varicocele [34, 232].

Open Retroperitoneal High open retroperitoneal varicocele ligation involves inci-
sion medial to the anterior superior iliac spine at the level of the internal inguinal
ring, as shown in Fig. 5.1. The external oblique muscle is split, the internal oblique
muscle is retracted and the peritoneum is teased away. Exposure of the internal sper-
matic artery and vein is carried out retroperitoneally near the ureter. At this level,
only one or two internal spermatic veins are seen, but the internal spermatic artery
may not be easy to identify. The veins are ligated near to the point of drainage into
the left renal vein. As shown in Fig. 2.1a, neither the parallel inguinal and retro-
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Fig. 5.1 Incision sites used

for subinguinal, inguinal

and retroperitoneal open

surgical varicocele repair. In

the subinguinal approach, a

transverse incision is made

just below the level of the

external inguinal ring. An

oblique incision is made

along the axis between the

anterior superior iliac spine A
and the pubic tubercle for
the inguinal approach. In the
retroperitoneal approach,

a transverse incision is

made medial to the anterior

superior iliac spine. (Reprint ~
with permission from Esteves

[232))

peritoneal collateral veins that exit the testis and bypass the retroperitoneal area of
ligation nor the cremasteric vein can be identified in the retroperitoneal approach. It
is believed that these collaterals cause recurrence of varicocele, as noted by the high
recurrence rate after retroperitoneal open varicocele ligation. The surgical approach
on the right side may be more difficult because the right testicular vein drains in the
inferior vena cava, as shown in Fig. 2.1b.

Laparoscopic Laparoscopic varicocelectomy is essentially a retroperitoneal
approach using high magnification. The spermatic artery and the lymphatics are
easily identified and spared. The collateral veins can also be clipped or coagulated.
However, the external pudendal vein, a common cause of varicocele recurrence, is
not accessible (see Fig. 2.1a). This shortcoming of laparoscopic varicocelectomy
leads to a recurrence rate of approximately 5% [233]. Laparoscopy varicocele
repair is more invasive, costly and it is associated with higher complication rates
than open procedures [233-235].

Inguinal and Subinguinal The classic approach in inguinal varicocelectomy
involves an incision over the inguinal canal, opening of the external oblique apo-
neurosis and isolation of the spermatic cord, as shown in Fig. 5.1. The internal
spermatic veins are dissected and ligated. An attempt is made to identify and spare
the testicular artery and lymphatics. The external spermatic veins running parallel
to the spermatic cord or perforating the floor of the inguinal canal are identified
and ligated. Although the internal and external spermatic veins can be identified
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macroscopically, the use of magnification facilitates identification and preservation
of internal spermatic artery and lymphatics, which may prevent testicular atrophy
and hydrocele formation, respectively [236]. Microsurgical varicocelectomy either
using inguinal or subinguinal approaches has been considered the best method for
varicocele repair [34, 232, 237]. Nevertheless, these procedures requires more skill
as compared to other surgical modalities because a higher number of internal sper-
matic vein channels and smaller-diameter arteries are seen at the level of the ingui-
nal canal. As such, it is important for the urologist who opts to treat varicocele using
microsurgery to obtain appropriate training. It is also important to have adequate
microsurgical instruments and a binocular operating microscope with foot-control
zoom magnification because loupe-magnification is insufficient for proper identifi-
cation of testicular arteries and lymphatics. The main advantage of the subinguinal
over the inguinal approach is that the former obviates the need to open the aponeu-
rosis of the external oblique, which usually results in more postoperative pain and
a longer time before the patient can return to work. Our preferred method is the
testicular artery and lymphatic-sparing subinguinal microsurgical repair, as shown
in Fig. 5.2 [34, 230, 232, 237, 238]. Briefly, a 2.5 cm skin incision is made over the

Vlicrosurgical Subinguinal Varicocele Repair

Fig. 5.2 Illustration depicting a left subinguinal microsurgical varicocelectomy. A 2 cm transver-
sal skin incision is made immediately below the external inguinal ring. The muscle layers and the
inguinal canal are not violated. The spermatic cord is exteriorized and the cremasteric veins are
identified and ligated (a). In panel B, the spermatic cord was dissected to allow the identification
of the testicular artery (blue vessilloop), dilated varicose veins (red vessilloops), and lymphat-
ics (blue cotton sutures). While testicular artery and lymphatic channels are preserved, dilated
veins are ligated with non-absorbable sutures and transected (¢). (Adapted with permission
from Esteves and Miyaoka R. Surgical Treatment for Male Infertility. In: Parekattil SJ, Agarwal
A (Eds). Male Infertility: Contemporary Clinical Approaches, Andrology, ART & Antioxidants.
Springer, New York, Ist ed. 2012, pp. 55-78)
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external inguinal ring. The subcutaneous tissue is separated until the spermatic cord
is exposed. The cord is elevated with a Babcock clamp and the posterior cremasteric
veins are ligated and transected. A Penrose drain is placed behind the cord without
tension. The cremasteric fascia is then opened to expose the cord structures and
the dissection proceeds using the operating microscope with magnification ranging
from 6 to 16x. Dilated cremasteric veins within the fascia are ligated and transected.
Lymphatics and arteries are visually identified and preserved. Whenever needed,
the cord structures are sprayed with papaverine hydrochloride to increase the arte-
rial beat and ease identification of testicular arteries. Alternatively, an intraoperative
vascular Doppler flow detector can be used to identify and spare arteries [239]. All
dilated veins of the spermatic cord are identified, tagged with vessel loops, then
ligated using non-absorbable sutures and transected. Vasal veins are ligated only if
they exceed 2 mm in diameter. Sclerosis of small veins is not used.

Postoperative Follow-Up

Postoperative care usually includes local dressing and scrotal supporter for 48—72 h
and 1 week, respectively. Scrotal ice packing is always recommended to control
local edema for the first 48 postoperative hours. Patients are counseled to restrain
from physical activity and sexual intercourse for 2-3 weeks. Oral analgesics usu-
ally suffice to control postoperative pain. Postoperative follow-up aims to evaluate
improvement in semen parameters, complications and pregnancy outcome. Semen
analysis should be performed every 3 months until the semen parameters stabilize
Or pregnancy occurs.

Results of surgical varicocele repair. In a recent systematic review comparing
different surgical modalities to treat varicocele for male infertility [233], it was con-
cluded that open microsurgical inguinal or subinguinal varicocelectomy techniques
resulted in higher rate of natural pregnancy and fewer recurrences and postoperative
complications than laparoscopic, radiologic embolization and macroscopic inguinal
or retroperitoneal varicocelectomy techniques, as shown in Table 5.2. Hydrocele
formation is the most common complication of varicocelectomy, with the incidence
ranging from 0 to 10%. The lowest and highest reported hydrocele formation rates
are seen with the microsurgical and high retroperitoneal methods, respectively. Re-
currence rates, which range from 0 to 35 %, are also technique-dependent. Acciden-

Table 5.2 Comparison of post-operative recurrence, hydrocele formation and natural pregnancy
rates among the surgical modalities for treatment of infertile males with varicocele

Technique Recurrence (%) | Hydrocele formation (%) | Natural pregnancy (%)
Open retroperitoneal 7-35 6-10 25-55

Laparoscopic 2-7 0-9 1442

Macroscopic inguinal | 0-37 7 34-39

Microscopic (inguinal | 0-0.3 0-1.6 33-56

or subinguinal)

Values are expressed as a range
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tal testicular artery ligation during microsurgical varicocelectomy has been reported
to be about 1%, and it may cause testicular atrophy. It has been recently demon-
strated that use of intraoperative vascular Doppler during microsurgical varicoce-
lectomy allowed more arterial branches to be preserved and more internal spermatic
veins to be ligated [239].

Key Points

* Medical therapy, including antioxidants and anti-inflammatory agents have been
utilized to treat symptomatic men with varicocele and infertility in men with
varicocele with variable success. A definitive conclusion of its indication cannot
be drawn at the present time because most published studies have inadequate
design and lack controls.

» Varicoceles are surgically treated either by open (with or without magnification)
or laparoscopic approaches. The principle of the surgery is the occlusion of the
dilated veins of the pampiniform plexus. The high retroperitoneal and laparo-
scopic approaches are performed for internal spermatic vein ligation while the
inguinal and subinguinal approaches allow the ligation of the internal and exter-
nal spermatic and cremasteric veins that may contribute to the varicocele.

* Open microsurgical inguinal or subinguinal varicocelectomy techniques result in
higher rate of natural pregnancy and fewer recurrences and postoperative com-
plications than laparoscopic, radiologic embolization and macroscopic inguinal
or retroperitoneal varicocelectomy techniques.

» The aim of surgical treatment of varicocele in infertility is to offer a chance to
completely or partially restore the male fertility status with lower complication
rates. The ultimate treatment goal is to increase the likelihood of establishing a
pregnancy irrespective of the method of conception, i.e., natural or assisted.



Chapter 6
Subclinical Varicocele

Subclinical varicocele refers to the presence of varicose veins in the pampiniform
plexus that are not palpable during physical examination, but are detected by ad-
junctive diagnostic tools, including Doppler examination, color Doppler ultrasound,
scrotal thermography and venography [17, 112, 184, 188, 189, 222].

Evidence supporting treatment of infertile men with subclinical varicocele is
equivocal [203, 241-243]. Only two randomized controlled trials have examined
the efficacy of varicocele repair in men with subclinical varicocele. In one study,
Unal et al.[244] randomized a total of 42 infertile men with left subclinical vari-
cocele to surgery and medical therapy with 50 mg/day of clomiphene citrate. The
authors observed a significant improvement in sperm density and motility in the
surgery compared with the medication group, but no differences in pregnancy out-
comes were reported. Yammamoto et al randomized 85 infertile me with subclini-
cal varicocele diagnosed with thermography. Likewise the study of Unal et al., an
improvement in the sperm density and motility was observed, but no differences in
pregnancy rates were noted (203).

Notwithstanding, the management of infertile men with a clinical varicocele at
one side and a subclinical one at the contralateral side has been debated. The ques-
tion is whether or not bilateral varicocele ligation should be offered to such patients.
In an attempt to solve this dilemma, Zheng et al. [245] compared the efficacy of
bilateral and left unilateral varicocelectomy in a group of 104 infertile men with
left clinical and right subclinical varicoceles. The authors of this aforementioned
study found that bilateral varicocelectomy had no significant advantage over the left
clinical varicocelectomy. In their study, however, a retroperitoneal approach was
used for vein ligation, which was shown to be associated with high recurrence rate
[233]. Contrary results have been achieved by Elbendary and Elbadry [246], who
performed a prospective study involving 145 men with the same characteristics as
mentioned in the study of Zheng et al. In their study, however, varicocelectomy was
performed using an inguinal open technique. Although a significant improvement in
sperm parameters was observed in both groups, the magnitude of change in sperm
count and motility, as well as natural pregnancy rates, was significantly higher in the
group of men who had bilateral varicocele repair, as shown in Table 6.1. Their find-

© The Author(s) 2016 55
A. Hamada et al., Varicocele and Male Infertility, SpringerBriefs in Reproductive
Biology, DOI 10.1007/978-3-319-24936-0_6
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ings are in agreement with early studies suggesting that bilateral varicocelectomy
is more effective than unilateral repair to such patients [23, 247]. The rationale of
bilateral varicocelectomy when a concomitant clinical and subclinical varicoceles
are found relies on the hypothesis that there might be an alteration in blood flow
following unilateral clinical varicocelectomy which may unmask an underlying
contralateral venous anomaly resulting in a clinically manifested varicocele [247].

Noteworthy, current clinical guidelines do not support the repair of subclini-
cal varicoceles as an attempt to overcome infertility [243, 248, 249]. Nevertheless,
given the scarceness of well-designed studies there is a need of more investigation
to determine whether any subset of patients with subclinical varicocele and infertil-
ity could benefit from intervention.

Key Points

» Subclinical varicocele refers to presence of impalpable varicocele that has been
detected with adjuvant methods such as color Doppler ultrasound, scrotal ther-
mography and venography.

» At present, there is no firm evidence supporting the therapeutic role of varicocele

repair in infertile men with subclinical varicocele.
Some authors have advocated the concomitant repair of subclinical varicocele
contralateral to the clinical varicocele, based on the assumption that one-sided
repair may lead to altered fluid hemodynamics and progression of subclinical
variocele.



Chapter 7
Varicocele in Adolescents

Adolescent varicocele have been associated with testicular volume loss, endocrine
abnormalities, and abnormal semen parameters [251]. Severe testicular damage is
found in 20% of adolescents affected, with abnormal findings in 46 % of affected
adolescents. Histological findings are similar in children or adolescents and in in-
fertile men. In 70 % of patients with grade 2 and 3 varicocele, left testicular volume
loss was found.

In about 20 % of adolescents with varicocele, fertility problems will arise [113].
Improvement in sperm parameters has been demonstrated after adolescent varico-
celectomy [252-254]. Therefore, varicocele repair has been recommended to ado-
lescents presenting palpable varicocele and ipsilateral testicular growth retardation
greater than 2 mL or two standard deviations from the mean of the normal testicular
growth curve. Those presenting with normal ipsilateral testicular volume, however,
should be offered follow-up monitoring with annual measurement of testicular size
or semen analyses because varicocele can progress [243]. Nevertheless, due to the
complexity to evaluate testicular growth retardation in adolescents presenting with
bilateral varicocele or solitary testis, varicocelectomy should be considered in such
cases.

Although testicular hypotrophy is the most widely accepted indication for re-
pairing adolescent varicocele, it should be noted that testicular size may not be a
reliable indicator of fertility potential in patients with varicocele [253]. Therefore,
semen analysis may be discussed with older adolescents in an effort to facilitate the
decision of whether or not to treat the varicocele. In cases of abnormal seminal pa-
rameters associated with high-grade varicocele, the consensus is that surgery should
be offered, even when testicular size is normal.

Notwithstanding, the literature is scarce in studies determining what are the ref-
erence ranges for semen analysis results in this population, presumably because
of ethical concerns associated with the procurement of semen specimens in young
boys [252, 254]. In a study involving adolescents (14—18 years of age) attending
a public school in Brazil, it was determined whether the grade of varicocele influ-
enced semen quality and testicular volume [255]. Sperm progressive motility and
concentration were significantly lower in adolescents with grades 2 and 3 varicocele
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compared with adolescents without varicocele, but the magnitude of change was not
different according to varicocele grade. The total number of progressively motile
sperm in the ejaculate was also lower in varicocele grades 2 and 3, and adolescents
with varicocele grade 3 presented lower number of progressively motile sperm
compared with those with grade 2. Interestingly, despite having markedly lower se-
men analysis results than the counterparts without varicocele, the adolescents with
varicocele still had their semen parameters within the World Health Organization
reference ranges, thus indicating that conventional parameters such as count, mo-
tility and morphology may not accurately discriminate those in which varicocele
already affect fertility and who might benefit from intervention [34, 256]. In the
aforementioned study by Mori et al. [255], testicular asymmetry was significantly
less prevalent in adolescents without varicocele. Among the adolescents, 27.8 %
(95% confidence interval [CI]: 23.2, 32.4) presented varicocele grades 2 and 3.
There was a high prevalence of testicular asymmetry in adolescents with left grade
2 (41.7%) and 3 varicocele (51.9 %), whereas only 11 % of the adolescents without
varicocele showed minimal testicular asymmetry.

As far as the effect of varicocele repair in adolescents is concerned, the con-
sensus is that treatment may be effective, but caution should be exercised to not
overtreat these subjects [257]. Several authors reported on reversal of testicular
growth after varicocelectomy in adolescents. Kass and Belman [258], in a study
involving 20 adolescents aged 11-19 years with grades 2 and 3 varicocele and ipsi-
lateral testis hypotrophy, showed that varicocelectomy led to a significant catch-up
growth of the treated testis. In this study, all patients were followed for 1-6 years.
The authors’ data indicated that a moderate to large varicocele was responsible for
testicular growth retardation, and early ligation of the varicocele may revert this
process. These findings have been corroborated by others, indicating that among
adolescents with pre-operative left hypotrophy who underwent varicocelectomy,
about 70% achieve catch-up growth within 28 months follow-up [259, 260]. The
average proportion of catch-up growth of 76.4% (range: 52.6-93.8 %) has been
found according to a recent meta-analysis [261].

While some have suggested laparoscopic and subinguinal microscopic varico-
celectomies as an alternative to reduce the incidence of hydroceles, which is more
common after Palomo and Ivanissevich repair, the optimal choice for the operative
approach in the treatment of adolescent varicocele continues to be debated [262].
Some form of optical magnification (microscopic or laparoscopic) has been advo-
cated because the internal spermatic artery is 0.5 mm in diameter at the level of the
internal ring and it allows lymphatic-sparing varicocelectomy to be performed [263,
264]. The recurrence rate with ligation methods involving optical magnification is
usually <10%, and they aid preventing hydrocele formation, thus helping testicu-
lar hypertrophy development and better testicular function according to the LHRH
stimulation test [236, 264, 265].
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Key Points

» Adolescent varicoceles may be associated with testicular volume loss, endocrine
abnormalities, and abnormal semen parameters.

* Moderate and large varicocele can be responsible for testicular growth retarda-
tion and that early ligation of the varicocele can reverse this process.

» Varicocele repair has been recommended to adolescents who have palpable vari-
cocele and ipsilateral testicular growth retardation greater than 2 mL or two stan-
dard deviations from the mean of the normal testicular growth curve.

» To adolescents with palpable varicocele who have normal ipsilateral testicular
volume, the consensus is to follow-up monitoring with annual measurement of
testicular size and semen analyses (if appropriate) because varicocele can prog-
ress.

*  While some have suggested laparoscopic and subinguinal microscopic varico-
celectomies as an alternative to reduce the incidence of hydroceles, which is
more common after Palomo and Ivanissevich repair, there is no consensus on the
optimal choice for the operative approach.



Chapter 8
Effect of Varicocele Treatment

Although multiple pathophysiological derangements have been documented in var-
icocele, the central issue is whether or not repair of this condition improves fertility.
Much debate has centered on this question, and rightfully so, as it is the bottom-line
for both clinicians and patients. In this chapter, we examine the impact of varicocele
treatment on male fertility parameters such as semen parameters, specialized sperm
function tests and natural as well as assisted pregnancy rates.

Impact on Semen Parameters

Varicocelectomy studies report significant im in one or more semen parameters in
approximately 65% of the treated men [56]. In a recent meta-analysis, Agarwal
et al. [179] combined 17 observational studies and randomized controlled trials us-
ing sophisticated methods to minimize selection bias as described by the Potsdam
Consultation [266]. Overall, sperm concentration, motility and morphology were
increased by 9.7 million/mL, 10 and 3 %, respectively, after varicocelectomy. The
mean amount of time for semen improvement and natural pregnancy after surgery
was approximately 5 and 7 months, respectively [179, 267].

The reasons the why fertility potential is not always improved in varicocelecto-
mized patients are still obscure, and robust data is lacking to determine prognostic
factors that might help identify the best candidates for treatment. From the limited
available data, it seems that infertile men undergoing surgery for large varicoceles
are more likely to benefit from varicocelectomy [56, 267, 268]. As far as age is
concerned, an interesting report suggested that advanced paternal age does not in-
fluence the fertility outcomes of men with varicocele-associated infertility. It should
be noted, however, that results might be biased by the fact that the group of men
older than 40 years had a significantly higher proportion of subjects with secondary
infertility as opposed to the other study with younger individuals [269].
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Impact on Sperm Function

Oxidative Stress

It is believed that oxidative stress (OS) represents the central pathogenic mecha-
nism for testicular damage in men with varicocele-related infertility. Several stud-
ies have been conducted examining resolution of markers of oxidative stress in
these patients. Varicocelectomy has been shown to decrease or normalize the com-
mon 4977-bp mitochondrial DNA deletion [270], 8-OHdG [159, 270], TBARS [64,
156], and nitrate plus nitrite content [149], all of which are OS markers elevated in
spermatozoa of infertile men with varicocele. Additionally, varicocele repair has
been shown to improve or normalize the levels of seminal and peripheral blood
plasma total antioxidant capacity (TAC) [65, 156] as well as seminal antioxidants
such as alpha-tocopherol [64, 156], ascorbate [64, 156, 270], retinol [156], selenium
[156], and zinc [156]. Several studies have also demonstrated that varicocele repair
can reduce total and specific markers of seminal reactive oxygen species (ROS)
elevation (malondialdehyde, H,O,, nitric oxide, 8-OHdG and hexanoyl-lysine) [64,
74, 149, 156, 270]. However, one controlled [155] and two uncontrolled [240, 271]
studies failed to show any beneficial effect of varicocele repair on the alleviation
of oxidative stress (Table 8.1). In a study by Yesilli et al. [155], lactate dehydroge-
nase (LDH), LDH-X activities, and lipid peroxidation product (malondialdehyde
[MDA]) levels were unchanged after varicocelectomy. However, the authors of this
aforementioned study showed that sperm HspA?2 activity, which is a biochemical
marker of sperm maturity, was increased postoperatively compared with pre-oper-
ative values (p<0.001).

Along the same lines, Rodriguez Pefia et al. [271] failed to observed changes in
nitric oxide concentrations after varicocele repair . Their study, however, included
varicocele patients with no history of infertility that might have biased their re-
sults. Lacerda et al. [272] showed that varicocele repair was associated with no
demonstrable beneficial effect of varicocelectomy in reducing seminal levels of
malondialdehyde in adolescents with varicocele, despite a positive effect on sperm
DNA integrity and mitochondrial activity. The aforesaid authors speculated that
varicocele repair was unable to alter the levels of seminal plasma oxidative stress
because these levels were not elevated pre-operatively in their group of adolescents,
and suggested that varicocele itself does not alter seminal plasma lipid peroxidation
in this particular subset of patients. However, it is still unknown whether a time-de-
pendent effect of varicocele on markers of OS will occur in adolescents at later age.

Some studies have also examined blood levels of thiobarbituric acid reactive
substances (TBARS) and plasma peroxidation susceptibility lag time (a marker of
antioxidant levels) in spermatic veins and peripheral veins before and after varico-
cele repair. A marked reduction in peripheral vein plasma TBARS levels, indicating
a decrease in ROS, and a significant increase in plasma peroxidation susceptibility
lag time, indicating an increase in the antioxidant levels, have been observed several
months to 1 year after repair, as shown in Table 8.1 [65, 156].
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By contrast, the clinical interpretation of studies assessing seminal antioxidant
response to varicocele repair poses a more complex problem. For non-enzymatic
antioxidants, such as vitamin C, retinol, zinc, selenium, protein thiols and albumin,
most studies have shown pre-operative reduced levels and significant postopera-
tive increases to normal levels [64, 74, 149, 156, 270]. With regards to vitamin E,
although one study showed that low pre-operative levels can be normalized post-
operatively, [156] a contrary report demonstrated a significant reduction in vitamin
E levels 3—6 months after varicocelectomy [64]. However, since vitamin E is an es-
sential vitamin and its levels in body fluids are influenced by dietary intake, no defi-
nite predictive value for its measurement in semen can be anticipated to reflect the
balance between oxidants and antioxidants without controlling for the diet. As far
as the activities of enzymatic antioxidants are concerned, two studies demonstrated
that seminal superoxide dismutase (SOD), and intracellular superoxide dismutase,
catalase (CAT) and glutathione peroxidase (GPx) activities were elevated in men
with varicocele, all of which were reduced after surgery [149, 156]. In contrast,
Mostafa et al. [64] observed a significant increase in post-operative seminal plasma
levels of SOD, CAT, GPx.

Although some observations suggest that seminal enzymatic antioxidants exhibit
lower activities in infertile men with varicocele than fertile men, which might be at-
tributed to auto-oxidation as well as protein unfolding and degradation. Additional
studies are needed to resolve the discrepancy in the results as shown by different
researchers.

Notably, the time required to observe any improvement in oxidative stress mark-
ers after varicocele repair is variable. In one report, Dada et al. [74] showed that
decline in ROS levels after varicocelectomy was proportional to the length of the
postoperative period. In their study, damage to sperm DNA, which usually takes
extended periods to revert to normal status, improved only after 6 months. Mo-
stafa et al. [64] observed that markers of seminal oxidative stress (NO, H,0, and
malondialdehyde) were significantly reduced whereas antioxidant levels of super-
oxide dismutase, catalase, glutathione peroxidase and vitamin C were elevated 3
and 6 months after varicocele repair. In another report, Hurtado de Catalfo et al.
[156] showed that levels of non-enzymatic antioxidants (zinc and selenium) and
the proportion of sperm exhibiting DNA fragmentation were still abnormal 1 month
after varicocele repair, while levels of reduced and oxidized seminal glutathione
and antioxidant enzymes were normalized as compared with age-matched fertile
controls. Additionally, Chen et al. [270] demonstrated that sperm mitochondrial
DNA deletions and 8-OHdG were reduced whereas seminal plasma protein thiols
and ascorbic acid levels were elevated 6 months after varicocele repair compared
with their preoperative levels. Lastly, Sakamoto et al. [149] found that a time lag of
approximately 6 months is required to achieve a marked improvement in seminal
ROS markers, such as NO, 8-OHdG and hexanoyl-lysine, after varicocele repair.

The importance of measuring oxidative stress in varicocele and the observation
of oxidative stress alleviation after varicocele repair stems from two interesting
findings. First, these markers might help to predict the response of varicocele repair
in infertile men. Accordingly, Shiraishi et al. [66], analyzing levels of testicular
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4-hydroxynonenal-modified proteins before varicocelectomy, found that men who
responded to varicocelectomy by increasing postoperative sperm count, motility
and morphology had higher basal levels of preoperative testicular modified proteins
than non-responders (p=0.014). More importantly, the researchers recognized that
varicocelectomy was not as effective in men without oxidative stress, thus support-
ing the rationale that patients with high levels of OS should be considered the ideal
candidates for varicocelectomy [66]. Second, some reports indicate that there is a
relationship between resolution of the markers of oxidative stress and improvement
in semen parameters and sperm quality postoperatively [64, 156]. For instance,
Hurtado de Catalfo et al. [156] observed improvements 3 months after surgery in
both semen parameters (sperm concentration and morphology) and blood testos-
terone levels, which were concomitant to improvements in seminal zinc, selenium,
protein carbonyl and DNA fragmentation levels. Along the same lines, Mostafa
et al. [64] observed significant improvements in sperm count, motility and morphol-
ogy, in accordance to improvements in seminal levels of malondialdehyde, H,O,,
NO, superoxide dismutase, catalase, glutathione peroxidase and vitamin C, 3 and 6
months after varicocele repair, as shown in Table 8.1 [64]

In summary, current evidence demonstrates that varicocele repair can alleviate
oxidative stress and normalize antioxidant defense systems, and, therefore, aid in
restoring or improving fertility. Furthermore, data suggest that this beneficial ef-
fect is time-dependent, with greater results being achieved 6 months after surgery.
Oxidative stress biomarkers may be useful to monitor postoperative outcomes after
varicocele repair. Ideal candidates for varicocele repair seem to be subjects with
palpable varicocele who present with abnormal semen parameters or sperm func-
tion tests, including oxidative stress.

Sperm DNA Integrity

The sperm DNA fragmentation index (SDF), a marker of DNA damage in sperm,
has been advocated as a promising parameter for fertility investigation because the
biologic variation in sperm DNA damage is less than traditional semen parameters
[73, 219, 220, 273]. Increased sperm DNA fragmentation has been associated with
poor pregnancy rates in both natural conception and assisted reproductive tech-
niques, and emerging evidence indicates that men with varicocele have higher lev-
els of sperm DNA damage than their fertile counterparts [273, 274]. It has been
also reported that microsurgical varicocelectomy decrease sperm DNA damage and
increase chromatin compaction [24, 32, 33, 35]. In a meta-analysis exploring the
relationship between varicocele and sperm DNA fragmentation, seven studies de-
termined the magnitude of sperm DNA damage caused by varicocele while six stud-
ies evaluated the efficacy of varicocelectomy to alleviate such damage. The overall
estimate showed that patients with varicocele have significantly higher sperm DNA
damage than controls, with a mean difference of 9.84% (95% CI 9.19 to 10.49;
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<0.00001). Varicocelectomy improved sperm DNA integrity, with a mean differ-
ence of —3.37% (95% CI —4.09 to —2.65; p<0.00001) [177].

Improvement in sperm DNA integrity after varicocele repair adds to the evidence
supporting the beneficial role of varicocele treatment on spermatogenesis.

Effect on Pregnancy Rates

Natural Pregnancy

In the absence of sufficient large randomized controlled studies with appropriately
selected patients, investigators have turned to meta-analysis of the available litera-
ture to discern the role of varicocele ligation in male factor infertility, as shown in
Table 8.2. In 2004, a Cochrane review [242] concluded that varicocele repair for
otherwise unexplained infertility could not be recommended. This conclusion was
based on a meta-analysis of eight RCTs showing an odds ratio of only 1.1 favoring
treatment over no treatment (95 % CI: 0.73—1.68). Although these results received
considerable attention and had shaped practice patterns, there were serious method-
ological inconsistencies in this aforementioned study. Among the included RCTs,
three of them evaluated men with subclinical varicocele. As will be described in lat-
er ...sections??, men with subclinical varicoceles do not meet the current selection
criteria for varicocele repair. Another aspect that deserves attention is the fact that
two included studies evaluated men with normal semen analysis. Hence, most of the
included studies assessed patients who did not meet the criteria for varicocele repair
according to the recommendations of various specialty societies, such as the Ameri-
can Urological Association (AUA), American Society of Reproductive Medicine
(ASRM) and the European Association of Urology (EAU) [243] (see Chap. 11).

Ficarra et al. [181] repeated this aforesaid Cochrane review, but excluded those
aforementioned studies in which men with normal semen parameters or subclinical
varicoceles had been treated. As a result, only three trials including a total of 237
patients were analyzed. The authors showed pregnancy rates were higher in treated
(36.4%) compared with untreated patients (20 %; p=0.009). In 2007, Marmar et al.
[182] corroborated the results of Ficarra et al. in a meta-analysis that included RCTs
and observational studies involving infertile men with palpable varicocele and ab-
normal semen parameters. In their study, varicocelectomy significantly improved
the odds for natural pregnancy (odds ratio: 2.63-2.87; 95% CI: 1.60—4.33) com-
pared with observation or medical therapy.

Recently in 2012, the Cochrane Institute published a revised meta-analysis on
the effects of varicocelectomy in subfertility. The meta-analysis included ten RCTs
involving 894 men. None of the studies reported a live birth. The combined fixed-
effect odds ratio (OR) of the 10 studies for the outcome of pregnancy was 1.47
(95% CI: 1.05-2.05) favoring the intervention. The number needed to treat for an
additional pregnancy was 17, suggesting benefit of varicocele treatment over ex-
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pectant management in subfertile couples in whom varicocele was the only abnor-
mal finding. Omission of studies that included men with normal semen analysis
and subclinical varicocele, some of which had had semen analysis improvement
as the primary outcome rather than live birth or pregnancy rate, was the subject of
a planned subgroup analysis. The outcome of the subgroup analysis (five studies)
also favored treatment, with a combined OR of 2.39 (95 % CI 1.56-3.66). The num-
ber needed to treat for an additional beneficial outcome was 7. The evidence was
suggestive rather than conclusive, as the main analysis was subject to fairly high
statistical heterogeneity (I>=67 %), and findings were no longer significant when a
random-effects model was used or when analysis was restricted to higher quality
studies. The authors concluded that there is evidence suggesting that treatment of
a varicocele in men from couples with otherwise unexplained subfertility may im-
prove a couple’s chance of pregnancy. However, the authors commented about the
quality of the available evidence being very low, and that more research is needed
with live birth or pregnancy rate as the primary outcome [275].

Assisted Conception

Assisted reproductive technology (ART), including in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI), is routinely used to treat male factor in-
fertility. Because of the success of ART, the optimal method to achieve pregnancy
in cases involving treatable causes of male infertility has been debated. Decision
analysis-based comparisons of ART and varicocelectomy suggest that varicocele
repair is more cost-effective than the use of ART in men with impaired semen pa-
rameters [255, 262], as discussed in Chap. 10. Moreover, the indication of varico-
cele repair prior to IVF/ICSI may be considered in certain circumstances. Men with
non-obstructive azoospermia (NOA) and favorable testicular histopathology may
resume minimal sperm production following repair of clinical varicocele [231],
as discussed in Chap. 9. Sperm restoration, even if minimal, yields the possibil-
ity of IVF/ICSI without the need for sperm retrieval (SR) techniques. It has been
shown that for patients who are still azoospermic after varicocelectomy, SR success
rates using testicular microdissection sperm extraction, and as a result, the couple’s
chances of a successful pregnancy may be increased [276].

Varicocelectomy has also a potential to obviate the need for ART or to down-
stage the level of ART needed to bypass male factor infertility [277]. Recently, it
has been shown that treatment of clinical varicocele may also improve the outcomes
of assisted reproduction in couples with varicocele-related infertility. Esteves et al.
[238] studied 242 infertile men with treated and untreated clinical varicocele who
underwent ICSI and found significantly higher live birth rates after ICSI in the
group of men who underwent artery and lymphatic-sparing subinguinal microsur-
gical varicocele repair before ART (46.2%) as compared to the ones undergoing
ICSI in the presence of a clinical varicocele (31.4%). In their study, the chances
of achieving a live birth (OR=1.87; 95% CI: 1.08-3.25; p=0.03) by ICSI were
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significantly increased, while the chances of miscarriage occurrence after obtaining
a pregnancy by ICSI were reduced (OR=0.433; 95% CI: 0.22-0.84; p=0.01) had
the varicocele been treated before assisted conception.

Does Patient Selection Criteria Affect Outcome?

Studies evaluating predictors for successful varicocele repair indicate that infer-
tile men with either mild/moderate preoperative sperm quality reduction or large
varicocele are more likely to achieve postoperative semen parameters improvement
[56, 278]. It was also shown that men who achieved a postoperative total motile
sperm count greater than 20 million and decreased sperm DNA fragmentation after
surgical varicocelectomy were more likely to initiate a pregnancy either naturally or
via assisted conception [73, 268]. Conversely, reduced preoperative testicular vol-
ume, elevated serum FSH levels, diminished testosterone concentrations, subclini-
cal varicocele, as well as the presence of Y chromosome microdeletions seem to be
negative predictors for fertility improvement after surgery [227, 279].

As already discussed, societies’ guidelines highlight that varicocele treatment
should be offered to men with palpable varicose veins on the physical examina-
tion of the scrotum only. Moreover, semen parameters have to be abnormal, and a
normal female evaluation or potentially reversible female factor infertility is crucial
to allow the possibility of natural conception. In addition to these criteria, there are
other preoperative characteristics that may help identify those patients who would
achieve the most benefit from varicocele ligation. For instance, it has been sug-
gested that reversal of blood flow in the varicocele during a Valsalva maneuver on
ultrasound exam was shown to significantly better predict an improvement in se-
men parameters than if reversal of flow could not be documented. The same study
also noted that men with the largest vein measuring 3 mm or greater on ultrasound
showed significant improvement in semen parameters, whereas those with the larg-
est vein less than 3 mm did not. Unfortunately, pregnancy data were not avail-
able [280]. In another study, patients with treated bilateral varicoceles had greater
improvement in semen parameters than those with unilateral varicocele, albeit an
improvement in sperm quality was noted in both groups. Pregnancy rates were also
higher in the group with bilateral varicocele repair (49 vs. 36 %; p<0.05) [281]).
Lastly, the individual response after varicocele repair may be also related to the dif-
ferent profile of antioxidant enzymes genotype in infertile men with varicocele. It
has been suggested that genetic polymorphisms in the glutathione S-transferase T1
gene may affect individual response to varicocelectomy [282].

In conclusion, conflicting results obtained from different studies attempting to
answer to the question of whether or not varicocelectomy improves fertility seems
to be due to heterogeneous study designs and, more importantly, patient selection
criteria. No definitive randomized prospective clinical trial of sufficient size exists
at this time due to the inherent difficulties of establishing such a trial and enroll-
ing infertility patients. In the absence of such a trial, critical assessment of the best
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quality data available leads to the conclusion that varicocelectomy can benefit ap-
propriately selected infertile men.

Key Points

» Varicocelectomy is believed to improve one or more semen parameters in 65 %
of the treated subjects. The mean postoperative time for semen improvement and
natural pregnancy is approximately 5 and 7 months, respectively.

» A significant attenuation of oxidative stress markers occurs after varicocelec-
tomy, and such effects are firstly seen 1 month after varicocele repair.

» Significant improvement in sperm DNA integrity has been demonstrated in in-
fertile men after varicocele repair.

» Natural pregnancy rates after varicocelectomy when female factors are excluded,
are approximately 43 % at 1 year and 69 % at 2 years follow-up. These figures
are dependent on proper selection criteria, such as the presence of a palpable
varicocele on the physical examination of the scrotum and abnormal semen pa-
rameters.

» Treatment of clinical varicocele may improve the outcomes of assisted reproduc-
tion in couples with varicocele-related infertility.



Chapter 9
Varicocele and Azoospermia

Azoospermia is defined as the complete absence of sperm from the ejaculate with-
out implying an underlying cause. This condition is present in approximately 1%
of all men and up to 15 % of infertile men [285, 286]. Azoospermia may result from
mechanical blockage occurring anywhere along the reproductive tract, including
the vas deferens, epididymis, and ejaculatory duct, but most often it is associated
with a spectrum of various severe and untreatable conditions causing an intrinsic
testicular impairment, which is termed non-obstructive azoospermia (NOA) [287].
Varicocele is found in 5% of men with NOA, but its absolute impact on the azo-
ospermic status is still unknown [230]. The advent of assisted reproductive technol-
ogies (ART), particularly intracytoplasmic sperm injection (ICSI), has reintroduced
the awareness about varicocele with NOA, as improvement in testicular function to
obtain viable sperm for ART may be critical for infertile men with NOA.

Genetic evaluation including karyotype and Y chromosome mapping are crucial
in the work-up of men with varicocele and azoospermia. Microdeletions of the Y
chromosome (YCMD) can be identified in up to 18 % of these men [286]. Molecu-
lar diagnosis and subtyping of Y-chromosome microdeletions (YCMD) have been
useful markers not only to detect the males in whom NOA is caused by YCMD, but
also to counsel the affected patients about their chances of sperm retrieval success.
Furthermore, the affected patients should be aware of abnormalities so that they can
obtain genetic counseling in order to quantify their risk of transmitting them to their
offspring. Finding a microdeletion within the AZFa or AZFb regions practically im-
plies that the chances of SR success are virtually non-existent. Therefore, it would
be unreliable to recommend varicocele repair in such cases [288, 289].

A meta-analysis was conducted to assess the impact of surgical repair in 233
men with clinical varicocele and NOA [231]. At an average follow-up of 13 months,
motile spermatozoa were detected in 39 % of subjects and pregnancy was success-
fully attained in approximately 26 % of men with sperm in the ejaculate, 60 % unas-
sisted (14 cases), and 40 % with in vitro fertilization techniques. Postoperative mean
sperm density and percent sperm motility were 1.6 million and 20 %, respectively.
Testicular histopathology was the single predictor of success. Success rates in pa-
tients with maturation arrest (42.1 %) or hypospermatogenesis (HS) (54.5 %) were

© The Author(s) 2016 75
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significantly higher than in those with Sertoli-cell-only (SCO) (11.3%, p<0.001
in both groups). These results indicated that biopsy-proven hypospermatogenesis
and maturation arrest (MA) were significantly more likely to correlate with find-
ing sperm in the ejaculate than Sertoli-cell only (odds ratio 9.4; CI 95% 3.2-27.3)
[231]. Since a gradual decline in spermatogenesis and return to azoospermia have
been reported in up to 55.5% of patients 1 year after surgery, semen cryopreserva-
tion may be recommended following initial improvement after surgery because the
beneficial effects of varicocele repair in the recovery of spermatogenesis may be
only temporary [290)].

The aforementioned data was corroborated by another meta-analysis compil-
ing five studies and 90 patients with varicocele and NOA. Testis biopsy revealed
hypospermatogenesis in 30 out of 90 men (33 %), maturation arrest in 26 out of 90
(29 %) and Sertoli-cell-only in 34 out of 90 (38 %) [291]. The successful appearance
of spermatozoa in the ejaculate after varicocele repair was significantly higher in
men classified as having hypospermatogenesis or maturation arrest than those with
Sertoli-cell-only (18 out of 30 vs one out of 34, p=0.001; 12 out of 26 vs one out of
34, p=0.002), respectively. The success rate of varicocele repair did not differ when
hypospermatogenesis was compared with maturation arrest (18 out of 30 vs 12 out
of 26, p=0.65) [291]. Furthermore, the group of men with hypospermatogenesis
or maturation arrest at spermatid stage achieved higher success (13 out of 26) after
surgery compared with the group of men with maturation arrest at early spermato-
cyte or Sertoli cell only (0 out of 18). The difference was statistically significant
(p=0.001) [291].

The informative nature of the histopathology results in deciding to pursue a
varicocele repair would allow for evidence? that about 50 % of the men with NOA
avoided an unnecessary varicocelectomy. However, the risks of performing a di-
agnostic testicular biopsy with the sole purpose of histopathology evaluation may
outweigh the benefits, as biopsies could remove focal areas of spermatogenesis that
will jeopardize future retrieval attempts. Whenever a biopsy is carried out, caution
should be taken to excise minimal tissue. Examination of wet specimens for the
presence of sperm would allow cryopreservation to be offered. In addition, a me-
ticulous histopathology evaluation would allow to differentiate pure SCO pattern
from the cases in which focal spermatogenesis existed.

Although motile ejaculated sperm is preferred for ICSI, persistent azoospermia
after varicocele repair is still a potential problem and surgical sperm retrieval (SR)
before ICSI will be inevitable for many individuals [290]. Nevertheless, since higher
fertilization rates and better ICSI outcomes when fresh, motile, ejaculated sperm are
used compared with sperm provided by testicular biopsy or microsurgical testicular
sperm extraction, contemplating varicocele repair to help with the appearance of
viable sperm in the ejaculates of men with NOA remains an attractive option [292].

As far as sperm retrieval is concerned, comparative studies involving varicocele-
treated and untreated individuals are scarce. In one study, SR rates were similar
(60 %) in azoospermic men who underwent varicocele repair versus those who did
not [293]. Nevertheless, others suggested a beneficial role of intervention. Inci et al.
[276] studying a group of 96 men observed that SR success was 2.6 fold higher in
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treated compared with untreated men (53 vs. 30 %, OR: 2.63, 95% CI: 1.05-6.60;
p=0.03). In another study involving 66 men, Haydardedeoglu et al. [294] reported
higher SR success in men who had varicocele repair prior to SR (61 %) compared
with untreated men (38 %; p<0.01).

Although an argument can be made that a control group would remain azoosper-
mic, it is not rare to observe that NOA men occasionally ejaculate small quantities
of motile sperm even without any intervention.

In conclusion, the limited available evidence precludes a firm conclusion about
the role of varicocele and the benefits of its repair in men with NOA. Until a con-
sensus is reached on the optimal management approach to infertile men with NOA
and varicocele, it seems reliable to offer varicocele repair to men with hyposper-
matogenesis and maturation arrest provided YCMD involving the subregions AZFa
and AZFb have been excluded. Men with SCO pattern and those who failed to have
sperm in their ejaculates after varicocele repair can be counseled to pursue surgical
sperm retrieval. Along these lines, it has been our routine to offer microsurgical
repair of varicoceles before sperm retrieval, particularly to young men (<35 years)
with large bilateral varicoceles (Grades 2 and 3) after proper counseling [273].

Key Points

» Varicocele is found in 5 % of men with non-obstructive azoospermia.

» As crucial part of in the work-up of azoospermic men with varicocele, genetic
evaluation is pre-requisite including karyotype and Y chromosome mapping.
Genetic testing and counseling is important to select the patients who might
benefit from varicocele repair, and raise parental awareness about possibility of
transmission of any genetic alteration to biological offspring.

* Microdeletions of the Y chromosome (YCMD) can be identified in up to 18 %
of these men. YCMD within the AZFa or AZFb subregions virtually implies that
there are no chances of sperm retrieval success. Therefore, it would be practi-
cally unwise to recommend varicocele repair in such cases.

» Testicular histopathology was the single main determinant for successful appear-
ance of the spermatozoa in the ejaculate and for successful pregnancy outcomes.

* A firm recommendation about the role of varicocele repair in men with NOA is
still to be determined. There is critical need for randomized controlled trials to
examine the potential advantages of varicocele repair in men with NOA.



Chapter 10
Cost-Effectiveness of Varicocele Treatment

Cost-effectiveness analysis (CEA) is a form of economic analysis that compares
the relative costs and outcomes (effects) of two or more courses of action. The
cost-effectiveness of a therapeutic intervention is the ratio of the cost of the inter-
vention to a relevant measure of its effect. Cost refers to the resources expended for
the intervention, usually measured in monetary, terms while the measure of effects
depends on the intervention being considered.

In the context of infertility related to varicocele, the relevant outcome is preg-
nancy or live birth per group of treated couples. Considering that most infertility
treatments are partially or not covered by insurance plans the cost of treatment will
be influenced by the payer source. An analysis of various treatment strategies in-
cluding observation, varicocele repair, intrauterine insemination (IUI), and in vitro
fertilization (IVF), either as a first option or after failures of other options showed
that the cost-effectiveness depended on the payer source [295]. In addition, various
other costs can be considered beyond the direct cost of medical care, including costs
of multiple gestation and complications, which may impact the usefulness of such
models.

In 1997, Schlegel reported cost estimates per delivery to evaluate the cost-ef-
fectiveness of ART by use of IVF with intracytoplasmic sperm injection (ICSI)
as a primary treatment for varicocele-associated infertility in the United States
[296]. The cost per delivery with ICSI was found to be 89,091 US dollars (USD)
(95% CI, 78,720-99,462), whereas the cost per delivery after varicocelectomy was
26,268 USD (95% CI, 19,138-44,656). The authors’ data indicated that treatment
of varicocele-associated infertility by varicocelectomy is more cost-effective than
primary treatment with ART.

Penson et al. [295] also performed a cost-effectiveness analysis of treatment for
varicocele-related infertility studying 4 treatment strategies, namely observation,
surgical varicocelectomy followed by in vitro fertilization (IVF) if unsuccessful,
gonadotropin-stimulated intrauterine insemination (IUI) followed by IVF if unsuc-
cessful, and immediate IVF . The main outcome measure was incremental cost per
live delivery of any number of newborns. Immediate IVF cost more per live deliv-
ery and was less effective than varicocelectomy followed by IVF if unsuccessful,

© The Author(s) 2016 79
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or IUI followed by IVF if unsuccessful. When electing the latter 2 procedures, the
preferred approach depended on the payer. IUI followed by IVF was the most cost-
effective approach from the patient’s perspective, as its final cost was a few hundred
dollars less than varicocele repair followed by IVF [295]. From the healthcare payer
perspective, however, each additional live birth that resulted from electing IUI/IVF
over varicocelectomy/IVF cost $561,423.

Later in 2005, Meng et al. [297] reported decision analysis models for infertile
men seeking paternity with varicocele in which cost of interventions were based
on institutional data in the United States. The first decision was the choice between
varicocelectomy and ART, and the cost per pregnancy was the end point for com-
paring the outcomes. In the authors’ institution, of all patients, 36.6 % of couples
achieved natural pregnancy after surgery, but the probability varied according to
preoperative total motile count. The pregnancy rate for a single ICSI cycle and 4
IUI cycles was assumed to be 30 and 32 %, respectively. Overall, surgical repair was
more cost-effective than ART. However, the authors noted that surgical treatment
was more cost-effective than ART in certain cases of varicocele- associated infer-
tility. If in a surgeon’s experience men with a less severely-impaired preoperative
motile sperm count (greater than 10 million motile sperm) cannot achieve a 45 %
pregnancy rate after surgery, ART can be more cost-effective. This is largely due to
the relatively inexpensive IUI procedure for which such couples may qualify. On
the contrary, if a surgeon can achieve a greater than 14 % pregnancy rate in men
with more severe impairment in semen quality (less than 10 million motile sperm),
varicocele repair is more cost-effective since these couples generally require ICSI
instead of IUI to overcome infertility. The authors however, neither provided data
about duration of follow up and time to achieve pregnancy, nor considered other
factors such as the number of children desired, the social and monetary costs of
intervention in the female partner, the cost of time lost from work or the costs at-
tributable to procedural complications and multiple gestations.

In Korea, Kim [298] suggested that the cost per delivery with ICSI was approxi-
mately 16,382,448 Korea Won (KRW) (14,893 USD), and the cost per delivery
after varicocelectomy was 11,587,675 KRW (10,534 USD). However, under their
national health insurance system, the patient’s co-payment after varicocelectomy
was 5,258,106 KRW (4780 USD) and 14,977,969 KRW (13,616 USD) after ICSIL.
These authors advocated varicocelectomy as the first-line infertility treatment be-
cause it was more cost-effective compared to ART.

Although most cost-effectiveness studies favor varicocelectomy over assisted
reproduction, there are factors that cannot be assigned a monetary value but may be
very significant to a given couple. Some couples value the immediacy of ART over
the time required for natural conception while others feel that there is a premium
on conceiving by the ‘most natural’ means possible that influence their decision for
varicocele repair.
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Key Points

1. The cost-effectiveness of these various treatment options for varicocele is a vital
issue considering that infertility treatments are often not covered by insurance
plans and therefore may be an ‘out-of-pocket’ expense to the patient.

2. Most studies favor varicocelectomy over assisted reproduction even without
accounting for the beneficial effect of varicocelectomy beyond the treatment
period.

3. Immediate IVF cost more per live delivery and was less effective than varicoce-
lectomy/IVF or IU/IVEF.

4. An analysis of various treatment strategies including observation, varicocele
repair, [UI, and immediate IVF, with IVF offered after failures of other options,
showed that the most cost-effective approach depended on the payer source
whether the healthcare payer or patient’s perspective.



Chapter 11

Guidelines and Best Practice Statements for the
Evaluation and Management of Infertile Adult
and Adolescent Males with Varicocele

With the continuous growth of medical knowledge and the need to improve effi-
ciency in the diagnosis and treatment of medical-related conditions, the role for and
utility of clinical guidelines have received increasing attention. Medical specialty
associations have created guidelines and best practice statements to better assist
practicing physicians in the management of infertile males with varicocele.

The aim of guidelines and best practice statements for the management of the
infertile male and adolescents with varicocele is to help urologists and other health
care clinicians to promote quality healthcare and discourage potentially harmful or
ineffective interventions. Among urologists and other professionals in reproductive
medicine, the three most commonly utilized guidelines for the evaluation and man-
agement of infertile males with varicocele are as follows: (i) The American Urologi-
cal Association (AUA) Best Practice Statement for the Evaluation of the Infertile
Male (American Urological Association Education and Research 2010) [299], (ii)
Report on Varicocele and Infertility: a Committee Opinion. (Practice Committee of
American Society for Reproductive Medicine 2014) [300], and (iii) The European
Association of Urology (EAU) Guidelines on Male Infertility [301]. In addition, the
EAU Guidelines on Pediatric Urology includes a dedicated chapter on the diagnosis
and management of children and adolescent varicocele [302].

Several consensus opinions exist from other countries, but the aforementioned
guidelines have been regularly and systematically updated and are therefore consid-
ered evolving projects based on the best clinical evidence available. These guide-
lines are endorsed and adopted by some of the most important specialty societies in
urology/reproductive medicine worldwide, and they fulfill the criteria of “Clinical
Practice Guidelines” developed by the Institute of Medicine (Institute of Medicine
2011 [303]). According to the Institute of Medicine, clinical practice guidelines
should be developed based on a systematic review of evidence, and the final docu-
ment must include statements and recommendations intended to optimize patient
care and assist physicians and/or other health care practitioners and patients to make
decisions about appropriate health care for specific clinical circumstances.

Although these guidelines attempt to translate best evidence into practice,
there are significant differences in the methods of guidelines’ development, data
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Table 11.1 Levels of evidence and grades of recommendation as used in the European Associa-
tion of Urology Clinical Guidelines

Levels of evidence

la Evidence obtained from meta-analysis of randomized trials

1b Evidence obtained from at least one randomized trial

2a Evidence obtained from one well-designed controlled study without
randomization

2b Evidence obtained from at least one other type of well-designed quasi-

experimental study

3 Evidence obtained from well-designed non-experimental studies, such as
comparative studies, correlation studies and case reports

4 Evidence obtained from expert committee reports or opinions or clinical
experience of respected authorities

Rating scheme for the grade of recommendations

A Based on clinical studies of good quality and consistency addressing the
specific recommendations and including at least one randomized trial

B Based on well-conducted clinical studies, but without randomized clinical
trials

C Made despite the absence of directly applicable clinical studies of good
quality

collection and analysis, which influence both the quality and strength of statements
made and recommendations provided. Of them, only the EAU guidelines provide
evidence-based levels for the recommendations given, as shown in Table 11.1 [301].
However, most recommendations were derived from non-randomized clinical trials,
retrospective studies and expert opinion, thus suggesting ample opportunities for
research and future incorporation of higher quality standards in male infertility care.

Guidelines statements are not intended to be used as a ‘legal standard’ against
which physicians should be measured but rather serve to provide a framework of
standardized care while maintaining clinical autonomy and physician judgment.
Although guidelines are intended to offer advantages in standardization of care, im-
provement in efficiency, enhanced research opportunities, and creation of a cost-ef-
fective diagnosis/treatment algorithm, many physicians opt not to adopt guidelines
for various reasons, including financial, technical and personal factors. Despite
these limitations, a combination of a guideline-based management combined with
physician judgment is likely to represent the most prevailing standard of care [304].

Diagnosis
AUA and ASRM Guidelines

According to the AUA and ASRM, a palpable varicocele can be detected in infer-
tile men in erect position and feels like a “bag of worms™ and it disappears or very
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significantly diminishes in size when the patient is recumbent. If the varicocele is
not clearly palpable, a repeat examination is advised in erect position with Valsalva
maneuver.

Only clinically-palpable varicoceles have been evidently associated with infer-
tility. Varicoceles are characteristically graded on a scale of 1-3, in which grade
3 is visually inspected, grade 2 is easily palpable, and grade 1 is only palpable
with Valsalva maneuver [185]. These definitions are rather equivocal and subjective
definitions, as what may be easily palpable to one examiner may not be for another.
However, there is agreement that varicoceles palpable by most examiners are con-
sidered “clinically significant.”

Ancillary diagnostic measures, such as scrotal ultrasonography, thermography,
Doppler examination, radionuclide scanning, and spermatic venography, should not
be used for routine screening and detection of subclinical varicoceles in patients
without a palpable abnormality.

Scrotal ultrasonography is indicated for evaluation of a questionable physical
examination of the scrotum. Although decisive evidence-based criteria for diagno-
sis of varicocele are lacking, the current consensus agrees that multiple spermatic
veins >2.5-3.0 mm in diameter (at rest and with Valsalva) tend to correlate with the
presence of clinically-significant varicoceles [186].

In persistent and recurrent varicocele after surgical repair, spermatic venography
is useful to demonstrate the anatomic position of refluxing spermatic veins. Al-
though early studies did not demonstrate a difference in outcome based on varico-
cele size, more recent data suggest that larger varicoceles may have a greater impact
on semen parameters, and correction may result in greater improvement [224].

EAU Guidelines

The EAU guidelines recommends that diagnosis of varicocele is initially made by
clinical examination and should be confirmed by color Doppler analysis in the su-
pine and upright position [185, 302].

In children and adolescents, the size of the testis should be evaluated during pal-
pation to detect a smaller testis. To discriminate testicular hypoplasia, the testicular
volume is measured by ultrasound examination or by orchidometer. In adolescents,
a testis that is smaller by more than 2 mL or 20% compared to the other testis is
considered to be hypoplastic [121] (Level of evidence 2). In order to assess testicu-
lar injury in adolescents with varicocele, supranormal follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) responses to the luteinizing hormone-releas-
ing hormone (LHRH) stimulation test are considered reliable, because histopatho-
logical testicular changes have been found in these patients [254, 305].

In centers where treatment is carried out by antegrade or retrograde sclerother-
apy or embolization, diagnosis is additionally confirmed by venographic studies.
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Clinically, varicocele is graded in the same manner as stated by the AUA/ASRM
guidelines. Subclinical varicocele are defined as those not palpable or visible at rest
or during Valsalva maneuver, but shown by special tests such as Doppler ultrasound
studies.

Treatment

ASRM and AUA Guidelines

Adult Varicocele

Treatment of adult infertile male with varicocele attempting to induce pregnancy is
recommended when most or all of the following conditions are met:

i. The varicocele is palpable on physical examination of the scrotum;

ii. The couple has known infertility;

iii. The female partner has normal fertility or a potentially treatable cause of infertil-
ity, and time to conception is not a concern;

iv. The male partner has abnormal semen parameters.

Varicocele treatment is not indicated in patients with either normal semen quality,
isolated teratozoospermia, or a subclinical varicocele [186]. Furthermore, a man
who is not currently attempting to induce conception but has a palpable varicocele,
abnormal semen parameters and a desire for future fertility, and/or pain related to
the varicocele is also a candidate for varicocele repair.

Young adult males with clinical varicoceles who have normal semen parameters
may be at risk for progressive testicular dysfunction and should be offered moni-
toring with semen analyses every 1-2 years to detect the earliest sign of reduced
spermatogenesis. More recently, there is increased evidence that larger varicoceles
may impact testosterone production, and some advocate repair in the setting of di-
minished testosterone levels [296].

Adolescent Varicocele

Adolescent males who have unilateral or bilateral varicocele and objective evidence
of testicular hypotrophy ipsilateral to the varicocele may also be considered can-
didates for varicocele ligation [254, 306—308]. If no reduction in testicular size is
evident annual objective measurement of testis size and/or semen analyses to moni-
tor for earliest sign of varicocele-related testicular injury. Varicocele repair may be
offered on detection of testicular or semen abnormalities, as catch-up growth has
been demonstrated as well as reversal of semen abnormalities; however, data are
lacking regarding the impact on future fertility
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EAU Guidelines

Adult Varicocele

EAU grade A recommendation indicates that: (i) Varicocele repair should be con-
sidered in case of a clinical varicocele, oligozoospermia, infertility duration of >2
years and otherwise unexplained infertility in the couple; (ii) No evidence indicates
benefit from varicocele treatment in infertile men who have normal semen analysis
or in men with subclinical varicocele. In this situation, varicocele treatment cannot
be recommended [257, 284, 309].

Adolescent Varicocele

The EAU guidelines on male infertility recommend varicocele treatment to ado-
lescents with progressive failure of testicular development documented by serial
clinical examination (Grade B recommendation). In contrast, the EAU guidelines
on pediatric urology indicates that the criteria for varicocelectomy in children and
adolescents are as follows:

i. Varicocele associated with a small testis;

ii. Additional testicular condition affecting fertility;
iii. Bilateral palpable varicocele;

iv. Pathological sperm quality (in older adolescents);
v. Symptomatic varicocele.

The latter also states that testicular (left + right) volume loss in comparison with
normal testes is a promising indication criterion, once the normal values are avail-
able [310]. Repair of a large varicocele, physically or psychologically causing dis-
comfort, may be also considered. Other varicoceles should be followed-up until a
reliable sperm analysis can be performed (Level of evidence 4). These aforesaid
guidelines adds that there is no evidence that treatment of varicocele at pediatric age
will offer a better andrological outcome than an operation performed later (Level
of evidence 4).

Treatment Method

ASRM and AUA Guidelines

There are two approaches to varicocele repair: surgery and percutaneous emboliza-
tion. Surgical repair of a varicocele may be accomplished by various open surgi-
cal methods, including retroperitoneal, inguinal, and subinguinal approaches, or by
laparoscopy. Percutancous embolization treatment of a varicocele is accomplished



88 11 Guidelines and Best Practice Statements for the Evaluation...

by percutaneous embolization of the refluxing internal spermatic vein(s). None of
these methods has been proven superior to the others in its ability to improve fertil-
ity, although there are differences in recurrence rates.

EAU Guidelines

Adult Varicocele

Several treatments are available for varicocele. The type of intervention chosen de-
pends mainly on the experience of the therapist. Although laparoscopic varicocelec-
tomy is feasible, it must be justified in terms of cost-effectiveness. Current evidence
indicates that microsurgical varicocelectomy is the most effective and least morbid
method among the varicocelectomy techniques [257].

Children and Adolescent Varicocele

For surgical ligation, some form of optical magnification (microscopic or laparo-
scopic magnification) should be used. Lymphatic-sparing varicocelectomy is pre-
ferred to prevent hydrocele formation and testicular hypertrophy (Level of evidence
2; Grade B recommendation).

Key Points

The AUA and ASRM guidelines recommendations are as follow:

1. Physical examination in erect position with or without Valsalva maneuver is suf-
ficient to make the diagnosis

2. Use of Doppler US is recommended in equivocal cases.

3. Repair of varicocele in adult men who are attempting to induce pregnancy is
recommended when most or all of the following conditions are met: (i) The
varicocele is palpable; (ii) The couple has known infertility; (iii) The female
partner has normal fertility or a potentially treatable cause of infertility, and time
to conception is not a concern; and (iv) The male partner has abnormal semen
parameters.

4. Repair of adolescent varicocele is recommended when there is objective evi-
dence of testicular hypotrophy ipsilateral to the varicocele.

The EAU guidelines recommendations are as follows:

1. Clinical diagnosis of varicocele should be confirmed with Doppler study.

2. Varicocele repair should be considered in men with clinical varicocele, oligozoo-
spermia, infertility duration of>2 years and otherwise unexplained infertility in
the couple (Level of evidence 1a; grade A recommendation).



Treatment Method 89

3. No evidence indicates benefit from varicocele treatment in infertile men who
have normal semen analysis or in men with subclinical varicocele. In this situa-
tion, varicocele treatment cannot be recommended (grade A recommendation).

4. Varicocele treatment is recommended in adolescents with progressive failure
of testicular development documented by serial clinical examination (grade B
recommendation; EAU guidelines on male infertility). It is also recommended
by the EAU guidelines on pediatric urology in the following clinical scenarios:
(1) Varicocele associated with a small testis; (ii) Additional testicular condition
affecting fertility; (iii) Bilateral palpable varicocele; (iv) Pathological sperm
quality (in older adolescents); (v) Symptomatic varicocele (Level of evidence 2;
Grade B recommendation).

5. For surgical ligation, some form of optical magnification (microscopic or lapa-
roscopic magnification) should be used. Lymphatic-sparing varicocelectomy is
preferred to prevent hydrocele formation and testicular hypertrophy (Level of
evidence 2; Grade B recommendation).
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