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1. ABSTRACT

Varicoceles are a treatable cause of male
infertility, but very clinically diverse. Both histologic and
molecular changes occur in the testes of men with
varicocele. Physical measurements (scrotal temperature,
testicular volume, pressure within the pampiniform plexus,
basal lamina thickness) correlate with prognosis, but these
correlations have not been accepted as predictors of
successful repair because of wvariation within patient
populations. Conventional semen parameters similarly
correlate, but these correlations apply only to men with >5
x10°  sperm/ejaculate. Levels of toxicants (e.g.
norepinephrine, cadmium), reactive oxygen species
byproducts, and hormones, their receptors and modulators
have been evaluated as predictors in small-scale studies.
Medical therapies (antoxidants, anti-inflammatories and
hormones) have been applied empirically to small groups of
patients with positive results that have not been verified in
large-scale trials. Thus, urologists still face a challenge to
determine which patients will benefit from varicocelectomies
and/or medical interventions. In this review we summarize our
current understanding of the pathophysiology of varicoceles,
and discuss some of the new findings that may be applicable to
specific clinical situations.

2. DEFINITION

Varicoceles are dilated veins within the
pampiniform plexus that develop from retrograde blood
flow and an increased hydrostatic pressure in the internal
spermatic veins and cremasteric veins (1). These lesions
develop because of absent or faulty internal valves.
Varicoceles frequently occur unilaterally on the left side
(2), probably due to asymmetry of the internal spermatic
veins that alters its properties (hypertrophy of longitudinal
smooth muscles and increased extensibility of the left
compared to the right spermatic vein) (3,4). The
“nutcracker effect” maybe an added influence, whereby the
left renal vein is compressed by the aorta and the superior
mesenteric artery leading to blood stasis in the
pampiniform plexus. In the early clinical studies, the
diagnosis was based on palpation while the patient stood in
the up-right position and performed the Valsalva maneuver,
but palpation of the “reflexive thrill” may be difficult
especially in men with short thick scrotal walls (5). More
recently, venography became the “gold standard” for
documentation of reflux, but these studies were invasive.
Currently, varicoceles have been graded by ultrasound:
Grade 1 (audible by Doppler sonography, not visible, not
palpable), Grade 2 (audible, palpable, not visible) or Grade
3 (audible, palpable and visible) (7-9). Some consider
Grade 1 as “subclinical”; but the reflux may be significant
in these cases if the retrograde flow is continues throughout
the Valsalva maneuver (7). Grades 2 and 3 are considered
as “clinical”.

3. FREQUENCY OF
PRESENTATION

OCCURRENCE AND

Varicoceles often appear at puberty (review,
10,11). Clinical varicoceles occur in about 12% of the
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general population of men with normal semen parameters
(9). The frequency of varicocele occurrence is higher in
men with primary infertility, ranging between 20% to 40%
(9,12-15). Increased prevalence of variococeles with
increasing age has recently been demonstrated (16). The
frequency of varicoceles maybe even higher in men with
secondary infertility, with some estimates as high as 80%
(17,18). While at least one report argues against a
connection between varicocele and secondary infertility by
presenting data suggesting that the incidence of varicocele
among this group was similar in men with primary
infertility (19), the majority of the literature associates
varcicocele with time-dependent testicular damage and
decrease in semen quality (review, 10,11).

Two recent publications indicate that the
prevalence of varicoceles is increased among first-degree
relatives of men with previously diagnosed varicoceles
(20,21). These data provide suggestive data for the
existence of a genetic component that is not linked to either
varicocele size or laterality of the varicocele.

Typically, the pathologic state for a patient with a
varicocele is associated with a persistent abnormality of at
least one semen parameter (count, motility or morphology)
or an abnormal sperm function test. Decreased sperm
counts are accompanied by elevated levels of apoptosis
among testicular and ejaculated sperm (22-25). Even with
unilateral lesions, there may be bilateral changes in blood
flow, testicular temperature and histology (review, 24,26).
Some of these changes may be initiated by excess nitric
oxide released by elevated vein pressures, and this gas may
diffuse bilaterally.

3.1. Association with infertility and current treatment

Although varicoceles were recognized as early as
the first century AD (27), the treatment of these lesions was
limited to men with pain. The possible association between
varicoceles and male infertility was only first recognized in
1952 based on a case report of an azoospermic male in
which bilateral varicocelectomy was followed by an
improvement in sperm count and pregnancy by coitus (28).
Subsequent early studies suggested that the varicocele
incidence was increased in infertile men (29,30) and that
semen parameters were improved following surgical
varicocele repair (31-37), but these studies were not
controlled.

These lesions have now been surgically repaired
for the treatment of infertility for almost 50 years and
approximately  20,000-40,000  varicocelectomies are
performed each year (38-40). A body of literature indicates
that varicocele ligation results in improved semen
parameters and leads to pregnancy (in 24% to 53% of
cases, varying by study) (1,7,14,15,41,42). Thus,
varicoceles are thought by some to be among the most
common treatable causes of male infertility based on data
from case controlled studies.

Varicocelectomy  has  been  empirically
recommended based on history of infertility and two or
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more semen analyses demonstrating at least one parameter
below normal levels (e.g., 7,14,43,44).

4. THE VARICOCELE CONTROVERSY

Study-to-study variations have perpetuated the
controversy of varicocele surgery for decades (e.g., 45-47).
Some studies “flat out” have concluded that varicocele
surgery has no benefit (e.g., 48). We believe that these
differences of opinion may be due, in part, to clinical
diversity that includes variations in scrotal temperatures, in
lesion size, in bilaterality, in internal spermatic vein
hydrostatic pressures, in degrees of blood flow stasis, in
histological findings, and in effects on spermatogenesis
(26). It is also due in part to selection bias among studies to
be included in meta-analyses to determine clinical efficacy
(49).

Members of our group recently developed new
meta-analyses from existing studies of varicocelectomy’s
effects on semen parameters and pregnancy outcome
(49,50). They included both randomized control trial and
observational studies that were examined for bias, but these
studies were limited to those of infertile men with palpable
varicoceles, surgical repairs, and natural pregnancy
outcomes. They determined that varicocelectomy in men
with a minimum of one abnormal semen parameter
increased the odds of spontaneous pregnancy by 2.87 (49).
We believe that these meta-analyses refute the earlier
studies and establish a statistical justification for varcocele
repair. The increased pregnancy rates that our members
found likely resulted from surgery-associated increases in
sperm count (50), since there are data indicating that
fertility status is linked to sperm density (51-53) and that
the sperm density increase in response to varicocelectomy
can predict pregnancy post-surgery (24,54,55).

Reproductive  endocrinologists  often  favor
IVF/ISCI as the treatment of varicocele related infertility,
but the economics of varicocele repair suggest a different
treatment paradigm. Combining varicocele surgery and
assisted reproduction could maximize the delivered baby
rate/couple at a lower cost. The cost per delivered baby by
IVF/ISCI is approximately $89,091, while after
varicocelectomy it is only $26,268 (42). IVF/ICSI over one
cycle and varicocelectomy have similar delivery rates of
28% and 30%, respectively. By pre-selecting patients likely
to benefit from a varicocele repair and utilizing post-op
UL the couple can save up to $62,823 per live birth (55).
Members of our group have performed a similar calculation
using their repair statistics that suggests 52% of infertile
couples should achieve pregnancy by combining surgery
followed by IUI and IVF/ICSI for salvage, the cost was
$26,163/baby/couple (56).

However, the Varicocele Controversy will persist
because the following questions remain unanswered. ”Why
do some men with varicoceles father children and have
normal semen analyses?”, “Why do some men fail to
improve following varicocelectomy?”, “Why do small
lesions have the same affects as large lesions?” and “Why
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does a left-sided lesion cause bilateral effects and
infertility?” We think it unlikely that varicocele repair will
be accepted as standard of care by both reproductive
endocrinologists and wurologists until the underlying
mechanism (s) producing infertility with varicoceles is
identified and validated markers that will add selectivity to
varicocele surgery become available. Identification of such
markers, however, requires an understanding of the
underlying mechanism (s) producing infertility in the
presence of varicoceles.

5. POTENTIAL MECHANISMS

Hypotheses proposed to explain the deleterious
effects of wvaricoceles include: (1) scrotal/testicular
hyperthermia (retrograde blood flow and venous stasis
reducing heat exchange by the pampiniform plexus), (2)
increased venous pressures (from retrograde blood flow),
(3) accumulation of toxic substances (adrenal by-products,
components of cigarette smoke), (4) hypoxia (from venous
stasis), and (5) hormonal imbalance. Of these, increased
testicular temperature remains the most widely accepted, as
varicocele repair lowers testicular temperatures (57-59).

Elevated testicular temperatures, however, cannot
solely be responsible for the adverse effects of varicoceles
because of: (1) significant overlap between the range of
scrotal temperatures from infertile men with varicoceles
and fertile men (60-63) or infertile men without varicoceles
(61,64), (2) considerable intra-male variability in scrotal
temperature measurements (65), and (3) scrotal temperature
varies with body position (66-68). Therefore, we (10,24,26)
and others (69) share the opinion that it is the interaction of
varicoceles with intrinsic or extrinsic “co-morbidity
factors” that induces the infertile state.

6. DEFICITS ALREADY IDENTIFIED

The data presented below links observed deficits
to hypothesized mechanisms and outcome of varicocele
surgery. What is apparent is that the various deficits to not
act independently but rather interact.

6.1. Scrotal/testicular hyperthermia

Scrotal/testicular hyperthermia with varicoceles
is a consequence of retrograde blood flow and stasis that
interferes with countercurrent cooling of arterial blood by
the pampiniform plexus (70-72). Arrest of sperm
maturation in infertile men with varicoceles has been linked
to the degree of scrotal hyperthermia (73). This is in
agreement with histological analyses of testicular biopsies
that demonstrated varicoceles are associated with damage
to the seminiferous epithelium  resulting in
hypospermatogenesis or maturation arrest (74-76). Scrotal
hyperthermia has also been linked to elevations in serum
gonadotropin levels (61). The connection between
spermatogenic arrest and scrotal hyperthermia was
examined by a recent randomized clinical trial. Scrotal
hyperthermia has also lead to elevated germ cell apoptosis
and suppression of spermatogenesis (77). This agrees with
carlier histological studies that found germ cell apoptosis is
increased with varicoceles (22-25).



Varicoceles: potential mechanisms and treatments

Several plausible components of an underlying
mechanism (s) have been identified. Testes biopsies
showed that apoptosis is effected via activation of the death
receptor pathway, through a decrease in soluble Fas (sFas)
concentration in seminal plasma (78) and/or an increase in
Fas ligand (FasL) levels (79). The effects of apoptosis are
likely amplified due to a decrease in DNA synthesis in
testes from infertile men with varicoceles in comparison to
normal control testes, as measured by decreased expression
of proliferating cell nuclear antigen (PCNA) (80,81). One
trigger of apoptosis may involve a cold-inducible RNA-
binding protein (Cirp) that appears required for normal
spermatogenesis and is related to a candidate for human
azoospermia factor (RBM1), which is expressed in normal
animal testes and is reduced when testicular temperature is
elevated by cryptorchidism or hot baths (82). Cirp is also
down-regulated in human testis in human males with
varicoceles as compared to controls without varicocele
(82). Heat shock proteins (HSPs) required for normal
spermatogenesis may also be involved. These are inducible
in the testis by stresses such as hyperthermia, radiation and
chemicals (83). However, the study of heat shock protein
expression in varicocele-associated infertility has been at
best limited. Where studied, mutations in heat shock
proteins have not been linked to infertility with varicoceles
(84). HSPA2 appears associated with thermal tolerance, in
that its expression is down-regulated in adolescents and
adults with varicoceles and oligospermia (85,86).
Nonetheless, that sperm HSPA2 activity is increased after
varicocelectomy (85) is counter-intuitive.

Consistent with this mechanism, post-operative
reductions in scrotal temperature have been observed (57-
59). Comparison of matched tissues from individual
patients pre- and post-varicocelectomy has revealed that
spermatogenesis is improved (35,75,87), potentially
through increased levels of sFas (81) and PCNA (81) seen
post-operatively.

6.2. Increased venous pressures

Competent venous valves are commonly absent
in varicocele patients (88-92). With no valves to prevent it,
retrograde blood flow leads to increased venous tension in
the cord veins of infertile men with varicoceles and
impaired venous drainage (91,94-98). However, the
increased venous tension is unlikely to be continuous, as
internal spermatic vein hydrostatic pressures are dependent
on changes in body position (99,100).

Retrograde blood flow has more than one
deleterious effect. In addition to leading to testicular
hyperthermia (101,102), the increased venous tension
damages the seminiferous endothelium (103) and increases
both and interstitial fluid pressure and interstitial fluid
volume (104), The damage to the epithelium potentially
assists entry of toxic substances into the testis (24) while
the impaired venous drainage of the intersititium induces
hypoxia (97,98).

Varicocelectomy reduces venous tension and is
associated with improved semen parameters and pregnancy
rates (100).
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6.3. Accumulation of toxic substances
Accumulation of intrinsic or extrinsic toxic
substances may impair spermatogenesis in varicoceles.

6.3.1 Intrinsic toxins

Intrinsic toxins include adrenal steroids and
catecholamines. A varicocele should increase their levels in
the testis through retrograde blood flow. MacLeod (36)
suggested that reflux of adrenal steroids was responsible for
impaired spermatogenesis with varicoceles. However,
direct measurements of cortisol and
dehydroepiandrosterone found similar levels in spermatic
venous blood and peripheral venous blood (99,105-107). In
contrast, catecholamines (in particular, norepinephrine) and
noradrenaline are elevated in the refluxing venous blood
(107,108). Higher catecholamines should induce
endothelial hyperplasia, which could impair testicular
perfusion irreversibly, while noradrenaline might act via
vasoconstriction. Both would lead to testicular hypoxia
(109). Varicocele repair should reduce exposure to
catecholamines and subsequently improve semen
parameters (108).

6.3.2. Extrinsic toxins

Extrinsic toxins include components of cigarette
smoke. These components concentrate in semen (110,111).
Cigarette smoking is associated with an increase in
oligospermia with varicoceles (112).

Cadmium, a major toxin in cigarette smoke, is
also present at significant levels in environmental
exposures from food (113). Cadmium is elevated in testis
tissue and seminal plasma from infertile men with
varicoceles, even if they were not exposed occupationally
or did not smoke cigarettes (24,114). We have observed
that approximately 60% of infertile men with varicoceles
present with elevated testicular cadmium (S. Benoff and
J.L. Marmar, unpublished observations). Cadmium enters
seminiferous epithelium through L-type calcium channels
(115). Cadmium entry is associated with elevated germ cell
apoptosis (24), possibly through : (1) altered calcium
homeostasis (115-117), (2) cadmium-induced scrotal
temperature increase (118), and/or (3) induction of nitric
oxide expression and oxidative stress (119,120).
Mechanism (1) suggests why elevated testicular cadmium
is associated with more estensive expression of splice
variants of the L-type calcium channel (115,116). These
splice variants are associated with decreased testicular
apoptosis (121), suggesting that the testis mounts a
protective response if calcium homeostasis is altered
(115,116). Mechanisms (2) and (3) should intensify injuries
intiated by varicoceles. Mechanism (2) is supported by in
vitro analysis of the combined effects of cadmium and
elevated temperature on sperm function compared to their
action separately (114). Elevated cadmium could induce
vascular endothelial growth factor (VEGF) expression
(122) and increase angiogenesis. VEGF is elevated in testes
from infertile men with varicoceles (123,124).

While elevated VEGF is often deleterious (e.g.,
124; also see below), we suggest that it might protect the
testis from cadmium insult (123). Somatic cell studies
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indicate that VEGF interferes with apoptosis. In leukemic
cells for example, VEGF, among other effects, increases
anti-apoptotic Bcl-2 by inducing HSP-90 and promotes
Bcl-2 binding to HSP-90 and HSP-90 binding to Apaf-1
(125). In endothelial cells, VEGF inhibits apoptosis by up-
regulating survivin, a member of the inhibitors of apoptosis
family (IAP) 10-20 fold (126). In our pilot study (123), we
found an inverse relationship between VEGF expression
and germ cell apoptosis.

Since cadmium induces both nitric oxide
production and VEGF expression, it could amplify the
effects of hypoxia (see below). In our clinical study we
found that varicocele repair was not effective when
testicular cadmium levels were elevated (24,127).

6.4. Hypoxia

While the clinical literature does not clearly show
that varicoceles are associated with testicular hypoxia
(128,129), association with stagnation of the blood in the
testicular  blood vessels has been convincingly
demonstrated (130), so hypoxia can be reasonably inferred.
Recent clinical findings that venous reflux correlates with
histopathological evidence for testicular blood stasis and
with ischaemic damage to the seminiferous epithelium is in
agreement with this inference (97,98).

Biochemical changes associated with hypoxia
often associate with varicoceles. These changes involve
hypoxia-inducing factor 1 alpha, VEGF, nitric oxide and
reactive oxygen species. Hypoxia-inducible factor-1alpha is
detected in the internal spermatic veins of patients with
varicoceles (131). VEGF, which can be induced by hypoxia
(132), is elevated in the testis of subjects with varicocele
(124). Testicular VEGF levels are inversely related to
sperm count, sperm motility and with testicular volume in
patients with varicoceles (124). Nitric oxide production
within the spermatic vein and by Leydig cells (which is
normally turned on at puberty) is differentially up-regulated
in varicocele testes (133-136). Nitric oxide can react with
reactive oxygen species (hydrogen peroxide and free
radicals such as OHand O,’) that are elevated in blood
plasma, seminal plasma and testicular tissue from infertile
men with varicoceles (e.g., 137-140). An increase in
reactive oxygen species, which correlated with varicocele
grade (141), is linked to the production of infertility. In
contrast, a recent prospective study reported that reactive
oxygen species are not increased in fertile men with
varicocele irrespective of varicocele grade (142).

Elevated nitric oxide seen in varicocele patients
is limited to the spermatic vein in adolescents but is
widespread within adult testes (143). This is in line with the
general clinical opinion that testicular damage from
varicoceles is progressive. Elevated nitric oxide levels have
been linked to increased lipid peroxidation (144) and
protein tyrosine nitration (143) as well as elevations in
apoptotic cells within the seminiferous epithelium (120).
Increases in nitric oxide concentrations are correlated with
increased expression of both endothelial nitric oxide
synthase (eNOS) (120) and inducible NOS (iNOS)
(120,136). The negative effects of elevated nitric oxide may
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be enhanced by a decrease in melatonin, a nitric oxide
antagonist (145-147).

There are several lines of clinical evidence
connecting oxidative damage downstream of hypoxia with
varicoceles. Elevated concentrations of reactive oxygen
species are associated with detrimental effects on sperm
(e.g., 148) even though low levels of reactive oxygen
species may be involved in capacitation and induction of
sperm motility. Among men with varicoceles, there are (1)
elevated levels of protein carbonyls in blood plasma from
the spermatic vein (149); elevated 8-hydroxy-2’-
deoxyguanosine in leukocyte DNA of the spermatic vein
(150); and increased levels of  8-hydroxy-2’-
deoxyguanosine in testicular and ejaculated sperm (151),
(2) greater sperm DNA fragmentation (152), (3) greater
testicular lipid peroxidation (153,154), (4) appearance of 4-
hydroxy-2-nonenal modified proteins in testes (155) that
increase with increasing age (156), (5) increased fraction of
immature sperm with cytoplasmic droplets in the ejaculate
(157), (6) higher levels of pro-inflammatory cytokines in
semen (158), and (7) irrespective fo semen parameters,
increased percentages of apoptotic (TUNEL-positive)
sperm in the ejaculate (152). The variety and uniformity of
these observations argues strongly that hypoxia induces
oxidative damage in varicocele testes.

The 4-hydroxy-2-nonenal modified proteins may
be more than an indicator of reactive oxygen species; they
may also damage seminiferous tubules. These species are
both products and significant mediators of oxidative stress
in vivo. As a mediator they act in part, by inducing
apoptosis  (159). Recent evidence from human testis
biopsies from infertile men with varicoceles, suggests a
relationship between 4-hydroxy-2-nonenal modified
proteins and (1) loss of proliferating germ cells (as
measured by a decrease in proliferating cell nuclear
antigen) and (2) up-regulation of p53 protein expression
(160). Since p53 acts via the extrinsic death receptor
pathway (161), hypoxia can exacerbate the effects of
elevated temperatures as described above. p53 can also
trigger apoptosis via the intrinsic mitochondrial pathway
(1e1).

Effects of hypoxia can be amplified by co-
existing factors. For example, differential expression of
alleles of an antioxidant enzyme, glutathione S-transferase
M1, may make a man with varicoceles more sensitive to
reactive oxygen species. Individuals with the homozygous
glutathione S-transferase M1 null genotype display
elevated levels of 8-hydroxy-2’-deoxyguanosine in their
sperm DNA (162). Such patients also present with a large
deletion in their mitochondrial DNA (162) that is
associated with reduced sperm motility (163). A reduction
in the sperm membrane polyunsaturated fatty acid
composition associated with varicoceles may also be
contributory (164). Such lipid membrane disturbances may
be systemic (164,165) and might be detected by testing
peripheral blood. As another example, normal antioxidant
activities may be inefficiently utilized when FSH levels are
clevated (166), as has been observed in many infertile men
with varicoceles (167). Antioxidant enzyme activities may
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be concomitantly reduced in varicoceles, magnifying the
effects of increased reactive oxygen species (139,168,169),
but not all agree (166,170). Cigarette smoking could further
exacerbate this damage as it increases levels of oxidative
stress (171).

The testis appears to mount a protective response
to reactive oxygen species by increasing expression of
inducible heme oxygenase-1 in Leydig cells (156). The
products of heme oxygenase-1 have anti-oxidant activities.
We view this response as analogous to the one described
above for cadmium-induced alterations in calcium
homeostasis.

Varicocelectomy reduces generation of reactive
oxygen species and nitric oxide, increases the antioxidant
activities of seminal plasma, reduces lipid peroxidation,
and reduces retention of the cytoplasmic droplet during
spermiation (157,172,173). However, the role of oxidative
stress in the etiology of infertility with varicoceles remains
controversial because two reports suggest that the levels of
oxidative stress in infertile men with varicoceles and fertile
men with varicoceles do not differ (137,139) and one report
indicates that total seminal antioxidant capacity is
unaffected by surgical varicocele repair (166).

6.5. Hormonal imbalance

As mentioned in sections 6.3 and 6.4, germ cell
apoptosis is increased with varicoceles. Such apoptosis is
modulated, at least in part, by hormone levels (review,
174). This finding suggested that androgen deprivation is a
major contributory factor to decreased spermatogenesis
with varicoceles (26). However, clinical hormone levels in
infertile men with varicoceles vary over a wide range (175),
explaining why this suggestion has not been been greeted
with enthusiasm.

Testosterone (both total and free) has been
reported to be decreased in blood plasma, seminal plasma
and testis tissue in varicocele patients (176-181). A number
of studies indicate the cause lies in a late stage(s) of Leydig
cell testosterone biosynthesis (182-185). Testosterone
levels were correlated with Leydig cell number (186) and
were inversely related to age (187,188). Nevertheless,
controversies exist. The number of Leydig cells detected in
testis biopsies from infertile men with varicoceles have
variously been reported to increase (74,189) or to decrease
(190). In some cases, decreased testosterone levels were
linked to Leydig cell hyperplasia (thought to be a
compensatory response to reduced testosterone; 191) or to
sexual dysfunction (192). One study suggests that increased
ghrelin expression by Leydig cells is responsible for the
decrease in serum testosterone (193). It may be significant
that the normal increase in testosterone in response to hCG
injection is blunted with varicoceles (194,195) while
estradiol is increased (184). The estradiol increase has been
linked to development of gynecomastia in adolescents with
varicoceles (184).

Our own observations lead us to believe that
varicoceles affect Leydig cells by several interacting
pathways. We have recently reported that Leydig cell
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number is decreased and is accompanied by morphological
changes (an increase in cell size and a change in nuclear
shape) in the remaining Leydig cells in testis biopsies from
infertile men with varicoceles as compared to controls with
normal spermatogenesis (196). Neuronal NOS (nNOS) and
Fas expression as well as germ cell apoptosis increased as
Leydig cell structural abnormalities increased.

Nevertheless, not all studies support a role for
androgen deprivation with varicoceles. Normal testosterone
levels have been reported (197-201). Further, other studies
indicated that testosterone levels do not differ between
infertile men with varicoceles and fertile men with
varicoceles or fertile men without varicoceles (202). Not all
varicocele patients respond abnormally to the hCG stimulus
(199).

One way to reconcile these findings is to
recognize there may be other signals from varicoceles that
affect the pituitary-hypothalamic-gonadal axis. These are
evidenced by elevations in baseline FSH and LH levels
(179,180,203), which in some cases was correlated with
histological findings of depressed spermatogenesis
(198,204), and marked increases in serum FSH and LH
levels to stimulation by GnRH (203,205,206) or LH-RH
(207,208). Elevated baseline FSH may predict an
exaggerated GnRH test response (167) and/or an
association with impotence (180). Excessive response to
GnRH appears associated with a decreased free
testosterone and increased levels of free estradiol and free
sex binding hormone globulin (178). Exaggerated response
to GnRH stimulus may increase with age (209,210),
supporting the hypothesis of progressive testicular damage.

However these pituitary-hypothalamic-gonadal
axis signals may not be significant in all varicoceles cases.
Normal baseline levels of FSH and LH have been observed
(201). Elevations in serum FSH levels and a marked
increase in serum FSH following GNRH stimulation have
been observed in fertile men with varicoceles (211).
Similarly, increased gonadotropin responses were observed
after LHRH stimulation were detected in fertile men with
varicoceles (212).

There is also evidence for Sertoli cell dysfunction
in varicoceles at the molecular level. In contrast to findings
in fertile men, inhibin B levels in varicocele subjects were
not positively correlated with sperm concentration or
negatively related to FSH levels (211,213). In other studies
inhibin B levels have been reported to decrease (214) and
increase (215) with severity of varicoceles. The age of the
subjects may play a role since Trigo et al. (215) studied
adolescents rather than adults. These inhibin B changes
affecting Sertoli cells must occur early in the pathway
leading to damage, since a study that compared serum
levels of inhibin B with testicular histology (216) failed to
find a correlation. At later stages of testes damage, there is
reduced expression of E-cadherin and alpha-catenin at
intercellular junctions between adjacent Sertoli cells (217).

Varicocelectomy is associated, at least in some
cases, with an increase in serum testosterone, serum free
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testosterone and inhibin levels (176,179,181,192,214,218-
220) and a decrease in FSH and LH (179). Testosterone
response to hCG is also improved (221). Abrogation of the
exaggerated FSH and LH response to bolus GnRH
(206,209,222-224) and elevated LH to LH-RH (208) has
also been reported. However, normalization of hormone
levels that suggested an improvement in testis function and
were linked to an increase in testicular volume may or may
not be associated with an increase in semen parameters
and/or pregnancy rates.

6.6. Additional molecular changes

It is hypothesized that reduced expression of E-
cadherin and alpha-catenin at intercellular junctions
between adjacent Sertoli cells contributes to a disruption of
the blood-testis barrier with varicocele. This abnormality
has the potential to synergize with the effects of cadmium.
Results from animal studies indicate that, while cadmium-
sensitive murine strains accumulate more cadmium than do
the resistant strains (225-227), the permeabilities of isolated
seminiferous tubules from cadmium-sensitive and resistant
murine strains to exogenous cadmium are similar. This
means that cadmium is able to gain entry into the
seminferous tubule fluid by crossing both the myoid and
Sertoli cell barriers (228).

Changes is testicular and ejaculated sperm
protein composition with loss of cytoskeletal elements has
been reported (10,114,204,229,230). A reduced ability to
under go the acrosome reaction (231-233) may be linked to
the loss of sperm head actin (114,229). Varicocelectomy is
associated with an increase in the ability of sperm to
acrosome react (232,233).

A defect in acrosin activity may be contributory
to a reduction in sperm-egg interactions with varicoceles
(234). Smoking similarly reduces acrosin activity (234).
The latter may help to explain, at least in part, why
smoking exacerbates the deleterious effects of varicoceles.

Antisperm antibodies have been documented to
affect the acrosome reaction (e.g., 235). However, although
antisperm antibodies are postulated to result from
disruption of the blood-testis barrier, the evidence as to
whether antisperm antibodies contribute to the etiology of
varicocele-associated infertility is equivocal. In the studies
examining this relationship, the percentages of varicocele
patients presenting with antisperm antibodies has ranged from
3% to 91% as compared with control group (non-varicocele)
values of 0% to 41% (236-243). These findings lead to the
conclusion that antisperm immunity is higher in infertile men
with varicoceles than in the general population. Despite this,
there is no correlation between antibody titres and varicocele
grade (237,243). The sperm antigens recognized by antisperm
antibodies from infertile men with varicoceles are not
necessarily those that are recognized by antibodies from
infertile men without varicoceles (244). Varicocelectomy has
been reported to reduce (associated with an increase in semen
quality), increase (having no effect on semen quality) or have
no effect upon antibody titres (242,243). At least one study
reports that the presence of sperm bound antibodies has no
effect on the response to surgical treatment (242).
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Damage to the seminiferous epithelium is
correlated with increased levels of lactate dehydrogenase-X
(LDH-X) in seminal plasma (245). Post- surgery,
improvement in semen parameters is associated with a
decrease in the concentration of this enzyme in the
ejaculate. LDH-X activity is also increased in ejaculated
sperm from infertile men with wvaricoceles, but
varicocelectomy has no effect on its elevated activity (85).

A point is here added as food for thought,
Morgentaler et al. (246) suggested an “intrinsic” defect in
scrotal cooling may exist in some infertile men and that this
defect predisposes the men to infertility. This suggestion
was based on observations that elevated scrotal
temperatures (1) were detected in more than 40% of
infertile men without varicoceles (61,64), (2) were
associated with poor semen quality (61,64), and (3) scrotal
cooling improved semen parameters and increased
pregnancy rates (66,248-250). If this defect co-exists in
some men with varicoceles and is absent in others, it could
help to explain why only a small fraction of men with
varicoceles are infertile.

7. USE OF ANIMAL MODELS

Although many groups including our own have
easy access to human tissue, it is not feasible to study the
time course of varicocele development as testis biopsies
represent a “snapshot in time”. We cannot ethically study a
human varicocele as it develops by repeated testes biopsies
of individuals for research purposes alone. Thus, studies in
the human are often either incomplete or suffer from varied
interpretation.

7.1. Experimental left varicocele

Varicoceles occur naturally only in human males
and in the ram (251-254). However, varicoceles can be
surgically created in animal models. Partial constriction of
the left testicular vein of animals produces more uniform
varicocele effects than found in man (26,255). Varicocele
models have been created in rat (256,257); dog (38); rabbit
(258,259) and monkey (260-262). In the models that
achieved visible evidence of venous distension, there was a
reproducible increase in bilateral blood flow, intratesticular
temperature and interstitial pressures in all species. In
addition, although animals were fertile prior to varicocele
creation, over time there was a uniform progression to
hypospermatogenesis with basement membrane thickening
and premature bilateral sloughing of spermatocytes and
spermatids. Where examined, unilateral varicoceles
produced bilateral effects. However, in contrast to man, it is
thought that spermatic vein reflux does not occur. The latter
conclusion, however, has been challenged (263).

Important results from animal models include the
following. Experimental varicoceles are most damaging
when created at puberty (264,265), when the testis is
growing most rapidly and when these lesions are first
detected in man. Neither the left testis nor the adrenals nor
venous reflux are required for a right testicular response
(266,267), suggesting that left venous distention is involved
in the contralateral effects. Most importantly, release of the
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partial renal vein ligation reverses these effects (268,269),
providing direct evidence of the benefit of varicocele
repair.

7.1.1. Recapitulation of effects observed in human males
with varicoceles

The rat model is the extensively studied.
Although it is not identical to naturally occurring human
varicoceles, the redistribution of blood flow from the
spermatic vein to the iliac vein is similar in rats and man
(270). In addition, the rat model recapitulates many of
the other human events.

Intrinsic  toxins may be contributory but
findings are equivocal. Comparison of the effects of
experimental left varicocele in the presence or absence
of the left adrenal gland revealed that, although in both
cases testicular volume was reduced, FSH was elevated
and testosterone reduced, structural abnormalities of the
seminiferous epithelium were more severe when the left
adrenal was present (263). In contrast, another group
reported that left adrenalectomy does not inhibit the
development of varicocele-associated physiologic
changes (271).

Germ cell apoptosis is elevated (272-276), and
increases with time after varicocele creation (277).
Although one study showed that elevated temperature was
responsible for increased apoptosis (278), hypoxia-
inducible factor-lalpha is detected (279) and hypoxia
appears to be the major contributory factor. Levels of p53
(280), VEGF and neoangiogenesis (279), pro-inflammatory
cytokines (154), reactive oxygen species (275,281), nitric
oxide levels (145,154,281-284) and lipid peroxidation
(276) are elevated. (Note that elevated nitric oxide levels
are the result of an increase in iNOS, in contrast to
human patients where nNOS is increased; 285.)
Antioxidant defenses are decrecased (284) and
antioxidants preserve testicular function (275,286).
However, not all studies report support a role for germ
cell apoptosis (280,287) or oxidative stress (288). An
open question is whether problems associated with the
creation of the varicocele (255) are responsible for these
contradictory findings.

There is an increase in local venous pressure in
experimental varicocele (289). An increase in testicular
vascular permeability and histologic alterations of the
structure of the blood-testis barrier has also been reported
(290,291). These phenomena are consistent with disruption
of the blood-testis barrier as described in human subjects
(103,217) and may also be correlated with increased VEGF
expression. However, not all studies indicate that the blood-
testis barrier is breached with varicoceles (292,293).

Finally, two studies report changes consistent
with  involvement of immunological mechanisms
contributing to testicular pathology with varicoceles
(264,290), leading to the suggestion that autoimmune
orchitis could serve as an experimental model for
varicoceles (290). However, this approach has not yet been
utilized.
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Overall, these data suggest that animal models
can be employed to study the effects of potential medical
therapies.

7.1.2. Additional changes not yet reported in human
subjects

A number of additional changes have not yet
been identified in human subjects. These include the
following. Transient induction of a variety of HSPs has
been observed in the rat model (294). Increased expression
of pro-apoptotic Bax protein and decreased expression of
anti-apoptotic Bcl-2 protein have been reported (276).
Down-regulation of Notch-1 and Notch-2 has been reported
in experimental left varicocele (295). Looking at the last of
these changes, we hypothesize that Notch-signaling might
interact with varicocele-induced hypoxia to control
angiogenesis. This is based on in part on studies in somatic
tissues (296). Notch signaling contributes to developmental
cell fate decisions, including those involved in normal
spermatogenesis  (297) and decreased expression is
associated with maturation arrest and development of germ
cell tumors (297,298). Notch signaling is effected via a
family of genes. Notch-1 signaling may be involved in
acrosome formation while Notch-2 appears to participate in
spermatogenic cell proliferation and differentiation.

7.2. Elevated temperature

Apoptosis can be induced in testes more easily
than in other tissues (299) by a short-term exposure to
temperatures in the range 106 — 108° Fahrenheit. This
experimental system has been extensively studied in rats,
mice and cynomolgus monkeys, largely by Swerdloff and
coworkers (300,301). Overall, an intrinsic (mitochondrial)
pathway is induced. Within 6 hrs of heat exposure,
endoplasmic reticulum and mitochondria congregate
paranuclear, co localizing with Bax, mitochondrial
cytochrome C is released, caspases -9, -3, -6 and -7 are
activated and poly-ADP polymerase (PARP) is cleaved,
indicative of DNA damage. Fas and FasL (extrinsic
pathway for apoptosis) are not involved, as apoptosis
proceeds in hybrid mice where the intrinsic pathway was
ablated, so receptor-mediated pathways are not obligatory
(302). Ectopic expression of a natural calpain inhibitor in
mutant mice suppressed apoptosis (303), in agreement with
an intrinsic pathway. A study in iNOS knock-out mice
showed iNOS facilitates, not inhibits, apoptosis in late
stages of germ cell development (304). Rockett et al. (83)
studied testicular mRNA expression changes induced in
mice by short 109°F temperature shock. These changes
tracked with increased HSP-70 protein levels and were
followed after some delay by testicular apoptosis. Among
genes in apoptosis pathways, HSPs -25, -40 and -60, heme
oxygenase, oxidative stress-induced protein and VEGF
were up-regulated, while procaspase 2, Bax, Bag, Dad,
HST-1 and two superoxide dismutases were down-
regulated. Most of these changes are understandable as a
protective response against apoptosis. Interestingly,
temperature shock at 102°F did not induce apoptosis.

This experimental protocol does not match well
with testicular heating in varicocele, where temperatures
are raised ~ 2°C from normal and maintained over a period
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of months or years. It is possible that adaptive responses
develop in varicocele, which are absent from the acute
testicular heating model. Nonetheless, as the effects of
acute heating (301) and of testicular heating with
experimental left varicoceles (268,269) are fully reversible,
acute heating studies can be employed to suggest molecular
candidates for a varicocele study (e.g., 174).

Cryptorchidism, natural or experimentally
induced, may provide a better model for study of effects of
chronic testicular heating as observed with varicoceles.
Histological changes, including elevations in germ cell
apoptosis and vacuolization in the seminiferous epithelium,
parallel the changes observed in testis biopsies from
infertile men with varicoceles (246,305). Elevations in
oxidative stress from reactive oxygen species (306-308)
and nitric oxide (309-312), increasing expression of pro-
apoptotic Bax1 and decreasing expression of anti-apoptotic
Bcl-2 (313-315), appear responsible for induction of
apoptosis. eNOS synthase appears to be the mediator of
elevations in nitric oxide (157,311). Biphasic elevations in
oxidative stress (316) are consistent with biphasic
elevations in apoptosis, the initial wave being p53-
dependent and the second being p53-independent/Fas-
dependent (317,318).

An early study combining experimental
cryptochidism with external cooling resulted in preserved
spermatogenesis (319). When taken with observations that
an increase in apoptosis occurs prior to a reduction in
intratesticular testosterone (320), these data suggest that
heat, and not endocrine deprivation, is the major effector of
apoptosis with cryptorchidism. Studies of experimental
cryptorchidism also provide evidence for a genetic
component regulating response to elevated testicular
temperatures, as induction of testicular apoptosis varies
among mouse strains (321). Similarly, ethnic differences in
susceptibility of germ cells to apoptosis have been
identified in man (322).

This model can be utilized to identify potential
targets for medical therapies for varicocele-induced
infertility (e.g., 306,307,310,312,316,323,324).

7.3. Effect of toxins

Focusing on our own work, we recently
questioned whether cadmium alone could be responsible
for impaired spermatogenesis in infertile men with
varicoceles. In this pilot study, we employed the cadmium-
sensitive Wistar rat strain and oral cadmium exposures at
environmentally relevant dosages. We observed that
cadmium exposures reduced epididymal sperm count and
motility in adult animals (117). In the testis, cadmium
levels approached those seen in infertile men with
varicoceles (117). Cadmium-induced alterations in gene
expression (as detected with DNA microarrays and
confirmed by immunocytochemistry) were associated with
elevations in eNOS and iNOS, FasL and germ cell
apoptosis (325) as well as Leydig cell dysfunction resulting
in a decrease in intratesticular testosterone (326). These
data support our hypothesis that cadmium is a significant
co-morbidity factor with varicoceles.
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7.3.1. A potential role for genetics in sensitivity or
resistance to cadmium-induced testicular damage

Surveys of inbred murine strains as F1 hybrids as
well as segregation and linkage studies utilizing backcross
and F2 generations all indicate that resistance to cadmium-
induced testicular damage is the result of a single,
recessive, fully penetrant gene (“cdm”; 327-329). Cadmium
apparently co-opts a transport system for zinc (ZIP8) to
cross the blood-testis (and blood-brain) barrier (228,330-
332). Zinc and cadmium transport rates are similar in a
given murine strain but differ between sensitive and
resistant strains. Specificity of transport is demonstrated by
the fact that calcium does not compete with cadmium
transport. These data are consistent with in vitro findings
that zinc offers protection against cadmium cytotoxicity in
cultured vascular endothelial cells by decreasing
intracellular cadmium accumulation (333). However, there
are still gaps in our knowledge. Although ZIP8 expression
differs between sensitive and resistant mouse strains, no
difference is detected in the DNA sequence (331). Other as
yet undefined factors must be controlling ZIP8 expression
in the testis.

Recently, additional analyses of the mouse
chromosome 3 in the region encoding cdm revealed the
presence of 6 more genes. One of these genes, calcineurin
(Ppp3ca; a serine threonine phosphatase) is now considered
another candidate for the cdm gene, as an inhibitor of its
activity (FK506), prevents cadmium-induced testicular
damage (334).

An extrapolation of these findings is that genetic
variations in the human population may determine
individual sensitivity to cadmium and that multiple genes
may be involved in this process. This argument is
consistent with observations that there are striking inter-
individual differences in effects of cadmium among people
from the same area, the same age group, and presumably
the same amounts of cadmium exposure (335). The
potential existence of such genes adds another layer of
complexity to the etiology of infertility with varicoceles.

7.4. Androgen deprivation

GnRH antagonists have been employed to study
the effects of hormone deprivation on spermatogenesis in
adult rodent models. GnRH antagonists induce a time and
spermatogenic-stage dependent increase in germ cell
apoptosis (336-339) via the intrinsic pathway (340). As
with the induction of apoptosis by testicular heating (302),
the death receptor pathway was not activated (340).
Apoptosis is initiated by activation of p38 MAPK, which is
concomitant with a decrease in intrastesticular testosterone
(340). p38 MAPK-signaling increases iNOS levels and Bax
translocation to the mitochondria, thereby stimulating the
intrinsic pathway (340). Selective iNOS inhibition blocks
the effects of the GnRH anatagonists (340). It has been
suggested that stage-specificity of GnRH antagonist effects
may be related to stage-specificity of androgen receptor
expression (338).

That androgen deprivation could have similar
effects in the human testis was recently demonstrated using
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human seminiferous tubules cultured in serum-free
(therefore  hormone-free) conditions which induce
apoptosis (340). Both p38 MAPK or iNOS inhibitors
blocked apoptosis of human testicular germ cells.

8. MEDICAL THERAPIES

The role of nutritional supplements/medicines for
treatment of infertility with varicoceles has been studied in
both animal models and humans. Such empirical therapies
have focused primarily on reducing oxidative stress but
other approaches are possible. The outcomes of attempted
therapies are also helpful in guiding the search for predictor
variables.

8.1. Oxidative stress
8.1.1. Antioxidants

Several antioxidants have been used clinically or
in animal studies. Glutathione is the substrate for
glutathione peroxidase, an antioxidant enzyme whose
levels in semen are increased by varicocelectomy (172).
Several studies have demonstrated that administration of
glutathione to infertile men with varicoceles results in an
increase in sperm motility (165,341,342), potentially
through effects to reduce lipid peroxidation (165). Similar
effects have been reported in in vivo and in vitro animals
(342). Vitamin C is a water soluble reactive oxygen species
scavenger that protects against DNA damage in human
sperm (343). Vitamin C levels in seminal plasma and in
internal spermatic vein blood are reduced in infertile men
with varicoceles (149,162,344), being linked to the
glutathione S-transferase M1 genotype (162). Vitamin C in
seminal plasma is increased after varicocelectomy (172).
Although potentially efficacious, vitamin C therapy has not
been attempted in animal models or human subjects with
varicoceles.

Vitamin E is lipid soluble and acts on the sperm
membranes to protect against lipid peroxidation (345). Vitamin
E may reduce apoptosis in rats with experimental left
varicoceles (275). Although this therapeutic approach has not
yet been applied to infertile men with varicoceles, the results of
the animal study are contrary to what would be expected, as
vitamin E levels in seminal plasma appear reduced following
varicocele surgery (172).

Although not yet tested in human subjects,
melatonin administration appears protective to the testis. When
given to rats with experimental left varicocele, it reduces nitric
oxide levels and increases antioxidant enzyme activity
(145,276). It also decreased expression of pro-apoptotic
proteins (276).

Another more drastic therapy not yet tested in
humans is chemical sympathectomy via intraperitoneal 6-OH
dopamine. Chemical sympathectomy in rats with experimental
left varicocele results in a decrease in lipid peroxidation and an
increase in antioxidant enzyme activities (346).

8.1.2. Supplementary zinc
Zinc is a powerful antioxidant (347). Abnormally
low seminal plasma zinc levels occur in many cases with
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varicoceles (114,348-350). Testicular zinc is also lowered
in varicocele patients (S. Benoff, J.L. Marmar and L.R.
Hurley, unpublished observations). Some men who remain
infertile post-varicocelectomy have low seminal plasma
zinc levels after varicocele correction (348-350). Prior
reports (e.g., 348), including one from our group (351),
suggest that oral zinc supplementation in these cases
improves semen quality and pregnancy rates.

8.1.3. Anti-inflammatory drugs

Several anti-inflammatories have been tried
clinically.The non-steroidal anti-inflammatory  drug,
cinnoxicam, administered as a suppository to elevate
bioavialability in the pelvic region has been shown to
increase sperm counts (352) and, in a placebo-controlled
trial, to also increase pregnancy rates (353) among infertile
men with varicoceles. In our opinion, these findings
highlight the importance of pro-inflammatory cytokines in
the etiology of the disease process. Patients taking a
combination therapy employing cinnoxicam and oral L-
carnitine/acetyl-L-carnitine  displayed  significantly
increased semen parameters and pregnancy rates as
compared to those taking cinnoxicam alone (353)
although free-L-carnitine levels, a marker of epididymal
function, are similar in semen from infertile men with
varicoceles and normal controls (349). The increased
efficacy of this combination therapy is attributed to
antioxidant properties of carnitine (353), which
significantly increased sperm motility in infertile men
with varicoceles (354) and in some (355,356), but not
all, infertile men without varicoceles (357). However,
the utility of anti-inflammatories is probably limited.
The efficacy of cinnoxicam alone or in combination
with L-carnitine/acetyl-L-carnitine decreased with
increasing grade of varicoceles (352,353).

8.2. Hormones

Since spermatogensis is under hormonal control
and since there is a body of evidence indicating hormonal
imbalance with varicoceles, some clinicians have used
hormonal supplements as empirical therapy for men who
do not respond to varicocelectomy. Clomiphene citrate
(Clomid) improved semen parameters and increased
pregnancy rates, especially in men with sperm counts less
than 10 million/ml or with testosterone deficiency (358-
360). However, when  administered prior to
varicocelectomy, clomophene citrate was not as effective as
surgery in terms of improvement in semen parameters and
pregnancy rates (361,362). Tamoxifen citrate has
successfully been employed in the treatment of
idiopathic  oligospermia (363). When tested in
oligospermic subjects with varicoceles, those with
normal hormonal parameters displayed a significant
increase in spermatogenesis while only a marginal
response was obtained in hypogonadotropic subjects
(364). Human chorionic gonadotropin (hCG) has been
administered post-surgery to patients with pre-operative
sperm count of less than 10 million/ml and to patients
with sustained Leydig cell dysfunction demonstrated
using LHRH stimulation. A significant fraction of those
treated displayed improved semen parameters and
increased pregnancy rates (43,365)
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8.3. Toxic substance antagonists

Focusing on cadmium, studies in animal models
provide evidence that testicular toxicity can be abrogated
by administration of anti-oxidant vitamins C and E (366),
by the anti-oxidant effects of zinc (367,368), and by the
nitric oxide antagonist melatonin (369). Vitiman C or zinc
restores testosterone production which is inhibited by
cadmium (368,370). Additional effects ascribed to zinc
include immunomodulation (371) and competition with
cadmium for effects on calcium-dependent functions (372-
376). Finaly, both selenium and vitamin C suppress
cadmium-induced germ cell apoptosis (370,377).

9. PREDICTOR VARIABLES

The variables which have been suggested as predictive of
the outcome of varicocelectomy are discussed below. Not
all are associated with clinically useful thresholds. Also,
studies vary in their definition of outcome, e.g., whether a
marker is linked to semen parameters, hormone levels or
pregnancy rates.

Note that both simple (histologic), hormonal and
complex molecular markers are considered, as not all
clinicians have ready access to advanced technologies and
assays that can be performed in their own offices are more
likely to become widely accepted.

9.1. Semen parameters

Several groups have reported that the pre-
operative semen parameters are predictive of spontaneous
pregnancy rates after surgical varicocele repair. However
threshold values differ between practices and over time.
Early studies suggested that men with a sperm
concentration greater than 10 million sperm/ml displayed a
greater increase in post-operative semen parameters
(378,379) and pregnancy rates (379) than did men with pre-
operative sperm concentrations less than 10 million /ml. In
another study, sperm density greater than 50 million per ml
and sperm motility greater than or equal to 60%, but not
sperm morphology or sperm forward progression, were
predictors of pregnancy success (380). More recently, total
motile sperm count was reported as predictor of pregnancy
outcome and a threshold value of greater than or equal to 5
million motile sperm was associated with -elevated
spontaneous pregnancy rates (381).

9.2. Testis volume and histology

Varicoceles are often associated with decreased
testicular volume. Lack of testicular atrophy, but not
varicocele size or laterality, has been associated with
postoperative pregnancy success (380). Similarly, a
combined testicular volume of at least 30 ml has been
correlated with fertility post-surgery (382).

Analysis of matched testis biopsies taken pre-
and post-operatively from individual men demonstrates that
varicocelectomy improves spermatogenesis and Leydig cell
defects in some men (75), but not all (383). This is of
particular importance as some infertile men with
varicoceles who are azoospermic will have sperm in their
ejaculate after surgery (384), which can shift them from
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ICSI candidates to intrauterine insemination or spontaneous
pregnancy candidates (55). Testis biopsies indicate that
such men present with hypospermatogenesis or late
maturation arrest (383,385-390). This indicates that, at a
minimum, the presence of spermatids is prognostic of a
positive response to varicocelectomy. However, one report
suggests that the fraction of azoospermic men post-surgery
with sufficient sperm in their ejaculate to obviate the need
for testicular sperm extraction to achieve pregnancies is
less than previously estimated (391). These contrary
findings may be attributable to the failure of the latter study
to consider testicular histology when assessing success of
varicocelectomy.

The histology of Leydig cells in testis biopsies
has been tested as a predictor of varicocelectomy outcomes.
Sperm counts were not increased and pregnancies were not
obtained post-surgery in subjects where there was severe
atrophy of Leydig cells (392). This pathology was
associated with elevated LH and FSH levels but markedly
decreased testosterone levels.

Proliferating cell nuclear antigen labeling of basal
cells, has been proposed a prognostic factor for surgical
outcome of varicocele repair (81). Proliferating cell nuclear
antigen is a marker of cell proliferation detectable in testis
biopsies by immunocytochemistry, A threshold value for
number of basal cells labeled of greater than or equal to
31%, in conjunction of pre-operative sperm count of
greater than 1 million/ml, predicts a greater than 50% in
sperm count post-operatively.

Thickening of the seminiferous tubule basement
membrane is an early event and is progressive over time,
being focal in adolescents and widespread in adults
(review, 10). One report suggests that increased
seminiferous tubule basement membrane thickness is
predictive of poor surgical outcome (74). This suggestion is
in contrast to our own findings that basement membrane
thickness was not a prognostic variable (393). Our findings
are supported by the analysis of matched testis biopsies
taken pre- and post-operatively from individual men (75).
This study demonstrated that basement membrane
thickness was not reduced post-surgery.

9.3. Scrotal/testicular hyperthermia

Clearly, the considerable variability in scrotal
temperature measurements and overlap in temperatures
between subjects with and without varicoceles (as
described above) serves as indications that scrotal
temperatures could not be employed as a predictor of the
success of varicocelectomy. However, preliminary studies
suggest that another measure of heat stress, the presence or
absence of HSP 70-1 (a protein expressed in mammalian
testis only after heat stress; 83) might be more informative
(394,395).

In a pilot study of testis biopsies from 45 infertile
men with varicoceles, we found that HSP 70-1 expression
varied between subjects. When HSP 70-1 mRNA was
detected, the percentages of germ cells undergoing
apoptosis via the death receptor pathway were lower and
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pre-operative sperm counts were higher than when HSP 70-
1 mRNA was absent. In the HSP 70-1 mRNA-positive
group, pre-operative sperm counts exceeded >10 million
sperm/ml, a value that in previous studies was a positive
predictor of pregnancy outcome post-surgery (379).

9.4. Toxic substances

With regard to toxic substances, one marker
might be elevations in spermatic vein norepinephrine
concentrations as compared to the right femoral vein.
Cohen er al. (108) reported that subjects with elevated
norepinephrine levels displayed better increases in semen
parameters and pregnancy rates post varicocele correction
than did subjects with normal spermatic vein
norepinephrine levels. However, no cut-off values have
been published.

Cadmium is elevated in seminal plasma and in
testis biopsies from a significant fraction of infertile men
with varicoceles. Preliminary studies suggest that seminal
plasma cadmium levels less than 0.4 micrograms/l are
predictive of an improvement in sperm density and a
positive pregnancy outcome post-surgery (396). More
extensive studies have established that testicular cadmium
levels greater than or equal 0.453 ng/mg dry weight of
tissue predicts a poor response (less than or equal to a
50% increase in post-operative sperm count) (24). When
only left testis biopsies are analyzed, this test has a
positive predictive value of 75%, a negative predictive
value of 70.6%, an overall accuracy of 73.2%, a
specificity of 66.7% and a sensitivity of 78.3% (127).
When bilateral testis biopsies were analyzed, these
values increased to, respectively, 86.4%, 78.9%, 82.9%,
83.3% and 82.6% (127). We attribute the increased
efficacy of bilateral analyses to occasional discordance
in marker expression observed between matched
biopsies (24,127).

We have published evidence that cadmium
enters the cells of the seminiferous epithelium via L-
type calcium channels and that elevated testicular
cadmium levels are associated with production of
deletion variants of the channel (10,115,117). Using an
RT-PCR-based assay, absence of an undeleted L-type
calcium channel mRNA predicts elevated testicular
cadmium levels with a positive predictive value of 84%,
a negative predictive value of 84%, an overall accuracy
of 83.3%, a specificity of 69.2% and a sensitivity of
91.3%. As would be predicted on the basis of the
relationship to testicular cadmium levels, absence of an
undeleted L-type calcium channel mRNA predicts a
poor response (less than or equal to a 50% increase in
post-operative sperm count) with a positive predictive
value of 78.6%, a negative predictive value of 85.7%, an
overall accuracy of 80.9%, a specificity of 66.7% and a
sensitivity of 91.6% (127). As with cadmium
determinations, bilateral analyses increased these values
to, respectively, 92.8%, 85.7%, 90.5%, 85.7% and
92.8%. Given the accessibility of thermal cyclers, this
assay may be preferred over the graphite furnace atomic
absorption spectroscopic  determination of tissue
cadmium levels.
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9.5. Factors related to hypoxia

It has been reported that the expression of 4-
hydroxy-2-nonenal modified proteins in the testis of
varicocele patients predicts improvement in
spermatogenesis  after varicocelectomy (154). This
suggestion is based on comparison of semen parameters
and pregnancy rates post-surgery of “responder” patients
versus “non-responder”. However, the definitions of
“responders” and ‘“non-responders” is unclear and no
threshold value is reported for 4-hydroxy-2-nonenal
modified protein levels. More importantly, the reported
positive  relationship  between  4-hydroxy-2-nonenal
modified protein levels and proliferating cell nuclear
antigen expression or testicular volume is not intuitively
obvious and is inconsistent with more recent findings from
the same group that 4-hydroxy-2-nonenal modified protein
levels and proliferating cell nuclear antigen expression are
negatively correlated (160).

Polymorphisms in glutathione S-transferase
enzymes T1 and M1 have been evaluated with regard to
predicting an increase in semen parameters after varicocele
repair (397). In this study, a positive response to varicocele
surgery was defined as a 100% increase in motile sperm
concentration. Individuals with the glutathione S-
transferase T-positive and the M1-positive genotypes were
found to have a higher positive response rate to
varicocelectomy than individuals with the null genotypes
for either enzyme. The response rate was even higher when
an individual was double positive for these enzymes.

9.6. Hormones

Baseline serum FSH levels less than 300 ng/ml or
11.7 mIU/ml have been suggested as a marker predicting
successful conception after varicocele repair (380,382).

As mentioned above, some men, but not all, with
varicoceles display a 2-3-fold increase in FSH and 3-5-fold
increase in LH in response to gonadotropin-relasing
hormone (GnRH) as compared to normal controls (e.g.,
205). Testosterone levels did not increase. Seminal plasma
DHT levels lower than normal were detected in these
subjects (206,222). Surgery seems to resolve the
exaggerated response to GnRH and improves seminal DHT
levels (206,222-224). Studies in man and animal models
suggest that these exaggerated responses may be related to
an abnormality in steroid biosynthesis as a result of a
deficiencies in 17,20 demolase and/or 17alpha-hydroxylase
(194,398). Therefore, in addition to Leydig cell histology
(392; see above), the GnRH stimulation has been employed
to predict the outcome of varicocelectomy in adults.
However, inconsistent findings have been reported. Some
groups claim that a positive (exaggerated) response to the
GNRH stimulation test predicts a statistically significant
increase in semen parameters and pregnancy rates post-
surgery (399), especially in men who are severely
oligospermic  (200,205,224). Others report that no
relationship was detected (223,381). Further, the efficacy of
this test in determining the outcome of adolescent
varicocele repair is also debatable (221,400). These
contrary findings may be the result of mode of GnRH
administration (intranasal spray, continuous infusion or
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bolus injection) and/or the lack of consistent cut-off values.
Only one study (224) actually gives values which define a
“positive” response to GnRH stimulation, e.g., >2-fold
increase in FSH and >5-fold increase in LH.

LH levels in response to LHRH stimulation has
been linked to pregnancy outcome. Responders (men who
exhibit a return to fertility) have statistically lower maximal
LH levels as compared to non-responders (208).

Inhibin B, a product of Sertoli cells, regulates
serum FSH levels via a negative feedback loop. Serum
inhibin B levels are reduced in adolescents and adults with
varicoceles and impaired spermatogenesis (401,402),
suggesting a use of inhibin B measurements to predict the
outcome of varicocele surgery. However, preoperative
measurements of inhibin B have produced equivocal results
(403,404). Nevertheless, it has been postulated that an
increase in inhibin B levels post-surgery indicate an
improvement in testicular function (404).

Androgen deprivation may contribute to
infertility with varicoceles (review: 10,26). Mutations
which increase the polyglutamine repeat number in the
androgen receptor are associated with androgen
insensitivity and male infertility (405,406) and may co-
exist with varicoceles (26). The effects of androgen
receptor mutations may be modified depending on genetic
background (406). Patients with such androgen receptor
mutations should be counseled that they may not be good
candidates for varicocele surgery.

9.7. Other prognostic factors

As mentioned above, varicoceles may co-exist
with genetic abnormalities such as alleles of antioxidant
enzymes (397) or androgen receptor defects (26).

Additional genetic problems include abnormal
karyotypes/Y-chromosome deletions (54) and congential
absence of the vas deferens (CAVD; 407). While men with
CAVD generally have normal spermatogenesis and co-
existence with varicocele should not impact on the outcome
of varicocele repair, preliminary findings indicate that
semen parameters do not improve post-surgery in men with
co-existing abnormal karyotypes or Y-chromosome
deletions. Genetic counseling should be offered to patients
with varicoceles and co-existing defined genetic infertility.

An  inverse  relationship  between  the
concentration of fibronectin in seminal plasma and sperm
motility has been reported (408). Surprisingly, fibronectin
concentrations in varicocele subjects were lower than the
norm and were unrelated to sperm motility. Thus,
fibronectin is not a diagnostic tool for varicoceles, but may
be applicable to patients with unexplained infertility.

10. FUTURE DIRECTIONS

This review began as a short introduction to a
research paper on markers to predict the outcome of
varicocelectomy, but as it expanded as we realized how
much is not known. We hope, by assembling what is
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known, to clarify our thinking as to what should be done
next.

We believe that the preponderance of evidence
shows that two or more factors are necessary for
varicocele-related infertility. This concept serves as the
basis for the “second hit” hypothesis, and the problem
maybe separated into two parts, the lesion itself and its
local manifestations, and the active testes, with its Leydig cells
and seminiferous tubules. The lesion communicates with the
testes by sending signals. If the testis is receptive to these
signals, there maybe a reduction of sperm production and
sperm quality. If the testis is resistant or not receptive, then the
man remains fertile. If varicocele repair restores fertility, then
the testis has repaired itself following removal of the signals
from the lesion. If surgery is not successful, (assuming that the
repair was not poorly executed), then the testes has been
transformed so that it is no longer capable of repair despite
removal of the signals from the lesion.

There are several pathways towards identifying the
critical transformation. One is brute force: gene expression
profiling of enough testes from infertile men with varicoceles
to characterize a profile representing those patients that will not
respond to correction. This approach is not likely to be
successful for several reasons, not least because of random
genetic variation in the patient population. A second would
involve gene expression profiling of the lesion and of the
active testes separately, to characterize potential signals from
the lesion consequent changes in RNAs in the active testes.
There are several possible variants of this approach which
place increasingly greater demands on the pathologist,
including microdissection of different cell types from each
tissue, and amplification of gene products. All are open to the
criticism that this approach ignores protein and small
molecular messengers, whose levels may change significantly
yet with absent noticeable change in RNA levels. Also, the
DNA microarrays presently available are not sensitive to
mRNA splicing changes that might change intracellular
targeting, or abrogate or alter function. The third principle
pathway is to pick a gene and follow its transcription,
posttranscriptional processing, translation, glycolsylation (and
other post-translational modifications) and then assay for its
activity. This third approach is likely to be the one most
followed, if only because of preferences of grant review
panels. But which gene?

Histological characterization of the testis biopsies
from varicocele patients is replete in the old literature, with
most publication dating from before laser capture
microdissection, RT-PCR and the advent of gene
expression profiling of primary cell cultures. However, we
believe that the new technology may be applied to testis
tissue biopsies, and the percutaneous acquisition of the
seminiferous tubules from these men can be done safely
(127). The molecular/genetic studies on testis issue should
yield new and possibly predictive information in men with
varicoceles.

The deleterious effects of varicoceles are first
evidenced by progressive thickening of the vascular
endothelium in both the varicocele vein itself and in the
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associated testis, with focal edema in the testis and
increased interstitial pressures (26,103,409). The change in
endothelial thickness is attributed to proliferation and
hyperplasia of the endothelial cells rather than hypertrophy
(103). These findings are consistent with arguments that the
underlying mechanism of infertility with varicoceles
involves disturbances in testicular blood flow (410,411).
Thus, there may be a backdoor to address signaling from
the varicocele lesion to the active testes.

There is a body of literature on varicose veins in
the extremities (for a review, see: 412-415). The normal
microanatomy of the testicular veins and veins of the
extremities (e.g., greater saphenous veins) are similar.
Outside of the largely endothelial intima, there are two
medial layers of smooth muscle, an inner circumferential
layer surrounded by a second layer of longitudinally
oriented smooth muscle. The whole is embedded in an
extracellular matrix. Other commonalities include reflux of
blood through incompetent venous values, leading to
hypoxia, venous hypertension and inflammatory cascades.
Both are surgically treated to reduce reflux.

To a first approximation, the changes in cell
types, compartmentalization and gene products in greater
saphenous veins as varicosity increases should be the same
as in the pampiniform plexus. What has been found here?

10.1. Etiology of varicose veins

As the varicose vein in the leg develops, blood
flow drops and hypoxia occurs, the endothelium becomes
activated and porous to white blood cell invasion, and leads
to releases of fibroblast growth factor (bFGF) and
cytokines. Transcriptional activation of VEGF and its
receptors are observed (review, 414). The level of
noradrenaline secreted by the vascular endothelium falls,
while TGF-beta-1 levels rise and cGMP regulated nitric
oxide synthesis by iNOS is increased, especially in highly
tortuous regions of the media (416). The increased nitric
oxide antagonizes the effects of angiotensin, leading to a
relaxation of the vein wall. Smooth muscle cells migrate to
the intima and dedifferentiate to a collagen-synthesizing
phenotype, possibly under the influence of nitric oxide, or
changes in steroid hormones. Initially, the medial layers of
smooth muscle decrease in thickness, which is attributed to
apoptosis of the smooth muscle cells. This is followed by
down-regulation of pro-apoptotic factors and up-regulation
of anti-apoptotic proteins (417-420) with smooth muscle
cell hypertrophy (418,419). Alterations in gene expression
were consistent with changes in smooth muscle actin
functionality and contractility (421). The ratio of collagen I
to collagen II in the extracellular matrix falls as does the
clastin:collagen  ratio. Levels of some matrix
metalloproteases (MMP), e.g., MMP-1 and MMP-9, are
upregulated, as is the matrix metalloprotease inhibitor
TIMP-1. In some regions, the extracellular matrix of the
medial layer thickens, in others the matrix is degraded. All
of these changes affect the extensibililty, contractility and
tortuosity of varicose veins.

Agents which can block unwanted growth of
blood vessels and also reduce oxidative stress have been
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proposed as therapy to limit formation of varicose veins
(e.g., 422).

10.2. Points for investigation in infertile men with
varicoceles

The next few paragraphs discuss factors altered
as varicose veins develop that also appear in the infertility
literature. ~ These look to be early candidates for
investigation.

10.2.1. Smooth muscle cell proliferation

The histological changes in testicular veins as a
varicocele develops are presently controversial. One report
shows that smooth muscle atrophies as the varicoceles
develop (423). In contrast, Tanji et al. (4) shows that
smooth muscle cell layers thicken with increasing stage.
This disagreement may be due to differences in the tissue
samples evaluated. The varicose vein literature reports local
atrophy and distensions at various levels of the same tissue
as responsible for the characteristic tortuosity of the
affected vein (413). While a larger survey of more tissue
samples is needed to clarify this point, recent evidence
supports a role for smooth muscle cell hypertrophy as a
result of over-expression of the anti-apoptotic protein, Bcl-
2 (424).

Aberrations in smooth muscle are not limited to
the internal spermatic vein and can be seen in relation to
smooth muscle of testicular blood vessels and the myoid
cells in the seminiferous tubule basal lamina. These
aberrations are associated with changes in cell shape,
collagen IV Dbiosynthesis, and basement membrane
thickening as well as reductions in the size of the lumen of
the seminiferous epithelium and in spermatogenesis
(76,425-428).

10.2.2. VEGF

VEGF controls both vascular permeability and
angiogenesis. Altered transcription of VEGF and its
receptors are observed in varicose veins (414,429). To the
best of our knowledge, VEGF expression in varicocele
veins has not yet been studied. However, its overexpression
may be inferred from the increase in vascular permeability
observed in animal models (81). A bigger question is why
ectopic expression of VEGF within the seminiferous
epithelium has been reported both in human subjects (123)
and in the rat model for experimental varicocele (279).

10.2.3. TGF-beta-1

The cytokine TGF-beta-1 and the intercellular
messenger nitric oxide released by varicose veins seem to
have role in varicocele infertility. In normal testes, highest
concentrations of TGF-beta-1 and its receptor are found in
Leydig cells. This receptor is also present on elongating
spermatids but not in other cells of the seminiferous tubule
(430). Intracellular levels of TGF-beta-1 are significantly
raised in varicocele testes compared to normal controls,
especially in Sertoli and germ cells (431). This raises two
questions. First, does nitric oxide from smooth muscle layer
of the vein affect the TGF-beta-1 activity in Leydig cells?
Second, are TGF-beta-1 and iNOS levels in the varicocele
vein predictors of varicocelectomy success?
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10.2.4. Angiotensin

Angiotensin level modulation occurs as a
varicose vein relaxes, which may help explain why
varicocele sperm are less motile. The mice knockout of
testicular angiotensin converting enzyme (ACE) is almost
infertile because its sperm are largely immotile (432). This
finding translates to the human case. The progressive
motility of ejaculated human sperm correlates inversely
with their ACE activity (433,434). But this situation is
complicated by the existence of two isoforms, a somatic
isozyme present in blood and a shorter testes-specific form
that has a greater affinity for angiotensin converting
enzyme. It is clear that the levels of the somatic form are
the same in peripheral and spermatic veins of both
varicocele and normal testes (435), but this does not
address intracellular concentrations in testes. It is possible
that local modulation of tissue levels of somatic angiotensin
in the active testes may alter synthesis or transport of the
testes isoform.

10.2.5. Fibroblast growth factors

Fibroblast growth factors (FGF) have roles in
sperm synthesis and maturation (for a review, see 436). As
examples, FGF1 and FGF2 regulate of steroid hormone by
Leydig cells. Several FGF receptors (FGFR) are present in
developing germs cells, and seem expressed in a stage
dependent manner, possibly regulating progression, while
FGFR1 and FGFR4 are present on the tails of elongating
spermatids and may be involved in development of sperm
motility. FGFs excretion by the endothelium of varicose
veins is upregulated in response to hypoxia and consequent
modulation of ion pump activity (412). This is a general
phenomenon seen in other tissues (437) so is likely to occur
in the pampiniform plexus.

10.2.6. Matrix metalloproteases

Matrix metalloproteases (including MMP9) and
their inhibitors modulate Sertoli-germ cell interactions
(438), so it is possible that enzymes released during vein
extracellular ~ matrix =~ remodeling  could  disrupt
spermatogenesis. Direct action seems improbable since
these enzymes are usually anchored, but indirect
mechanisms are at least not impossible.

10.2.7. Other possibilities

If, on the other hand, more than the varicocele
itself is responsible for the infertility of varicocele patients,
it is unlikely that a trigger for the critical transformation
will be identified by the lines of investigation outlined
above. However, the knowledge gained will not be wasted,
since they will clarify type and extent of communications
between the varicocele lesion and the active testes.

11. CONCLUDING COMMENTS

It may be that none of the factors common to
both varicose veins and varicoceles are the signal(s)
connecting a vascular injury to irreversible damage to the
active testes. This signal or signals may lie further upstream
and may act separately at sensitive sites in both tissues, and
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perhaps other sites (such as the hypothalamus). However, if
we can idenfity a fingerprint of factors (in vascular tissue,
and the principal cell lineages of the active testes) that
distinguishes human subjects with varicocele that regain
fertility after repair from those that do not, we will be well
on our way to narrowing down the pathway(s) in which the
signals could act, as an intermediate step towards
identifying the critical signal(s) themselves. The animal
varicocele models should become exquisitely valuable at
that time as systems to experimentally manipulate putative
signals. One believes that a structured approach of the sort
outlined above may unravel the science underling the
confused picture that has arisen from the small scale and,
sometimes, haphazard studies we have here reviewed.
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