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Varicocele and male infertility: Part II
Pathophysiology of varicoceles in male infertility
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Varicoceles are found in 19 to 41% of infertile men, and is one treatable form of male infertility. The mechanism by
which varicoceles cause the variable effect on male infertility and spermatogenesis is still unknown. Experimental
animal models play a useful (but limited) role due to the sudden and variable iatrogenic nature of the varicoceles and
the duration of the studies. Much of the human data are derived by the characterization of associated differences in
measurable parameters between men with and without varicoceles. The role of hyperthermia, testicular blood ¯ow
and venous pressure changes, re¯ux of renal/adrenal products, hormonal dysfunction, autoimmunity, defects in
acrosome reaction, and oxidative stress, in the pathophysiology of varicocele will be discussed.
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Introduction
Varicoceles are pathological dilations of the venous pampiniform
plexus of the spermatic cord, and occur more frequently on the
left side. The aetiology of varicoceles is controversial, with
theories ranging from anatomical variations, to venous re¯ux
secondary to congenital and/or acquired valve dysfunction, to
venous obstruction. There are three accepted theories on the
causes of varicoceles. First, that there are anatomical differences
between the left and right testicular veins; speci®cally, that the
right testicular vein inserts directly into the inferior vena cava,
while the left testicular vein inserts into the left renal vein. The
Ó European Society of Human Reproduction and Embryology

different insertion of the left testicular vein is believed to result in
an increase in hydrostatic pressure, which is subsequently
transmitted to the pampiniform plexus, causing dilatation and
tortuosity of the veins. Second, that there is an absence of
competent venous valves, resulting in re¯ux of venous blood. The
venographic pattern of 659 consecutive men with varicoceles
showed that 73% of these men had absent venous valves (Braedel
et al., 1994). Third, that there is partial obstruction of the
testicular vein caused by compression of the left renal vein
between the aorta and the superior mesenteric artery, or the
`nutcracker effect'. It is likely that the aetiology is multifactorial.
The incidence of varicoceles in the general population is
approximately 15%, while 19 to 41% of men presenting for
infertility investigation demonstrate varicoceles (Hendry et al.,
1973; Cockett et al., 1984). Correction of varicoceles in infertile
men has demonstrated improved semen parameters in 50±80% of
patients (Lome and Ross, 1977; Marks et al., 1986), pregnancy
rates of 31±71% (Scott and Young, 1962; Madgar et al., 1995)
and, most recently, increased per cycle pregnancy and live birth
rates with intrauterine insemination (Daitch et al., 2000).
Nonetheless, the treatment of varicoceles is highly controversial,
as not all men with varicoceles are infertile. Interestingly, the
varicocele incidence in that subset of men with secondary
infertility (previously fertile, but now infertile) is about 70±80%
(Dubin and Amelar, 1977; Gorelick and Goldstein, 1993; Witt
and Lipshultz, 1993). These data suggest that men with prior
fertility may suffer from varicocele-mediated secondary inferti-
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lity, and that the presence of a varicocele may cause a progressive
decline in fertility. No varicoceles were detected in 188 boys aged
6±9 years, but they were detected with increasing incidence in
boys aged 10±14 years (Oster, 1971), which suggests that
varicoceles develop at puberty. The mechanisms by which the
spectrum of varicocele grade and age of onset correspond to the
variable and progressive spermatogenic dysfunction are still
unknown.
This review will outline the proposed hypotheses and
supporting data, including hyperthermia, testicular blood ¯ow
and venous pressure changes, re¯ux of renal/adrenal products,
hormonal dysfunction, autoimmunity, defects in acrosome reaction, and oxidative stress, that shapes our present understanding of
the pathophysiology of the varicocele.

Materials and methods
For each section of this review, a systematic Medline search was
conducted inclusive of all dates using the keywords `control' and
`varicocele' and section heading, i.e. `hyperthermia'. Since
controlled, animal studies and prospective, randomized clinical
trials are regarded as the most reliable method of proving the
effectiveness of diagnostic and therapeutic strategies, this review
will focus on presentation of these selected papers. Although
every section of this review will focus on the data from controlled
investigations, it is important to stress from the onset, that even
controlled studies from animal models carry limitations.
Speci®cally, due to the sudden iatrogenic nature of the varicoceles
created, these animal reports may not truly represent the gradual
and continuous effect of varicoceles on human spermatogenesis.
Despite these limitations, controlled animal studies are useful, in
that they allow direct studies targeted at the mechanism(s) of
varicocele pathophysiology. Whilst all animal studies worth
mentioning should be controlled, unfortunately it is more dif®cult
to conduct prospective controlled studies involving humans. If no
data from controlled trials are available, then data from
uncontrolled trials will be mentioned. Each section will begin
with perspective on the theory behind each mechanism, followed
by a discussion of the pertinent animal studies germane to the
topic, and conclude with the human clinical investigations, that
have contributed to our present understanding of the pathophysiology of varicoceles in male infertility.

Varicoceles and hyperthermia
The relationship of increased intrascrotal temperature and
varicoceles, in association with decreased sperm parameters, has
been investigated since the 1960s. Scrotal temperature is
physiologically maintained at less than body temperature, and is
crucial for the normal countercurrent heat-exchange system ®rst
postulated in 1959 (Dahl and Herrick, 1959). The thinking then
wasÐand still is nowÐthat the in¯owing core temperature of
spermatic arterial blood is cooled by the out¯owing cooler venous
blood of the pampiniform plexus. Varicosities of the plexus may
decrease the effectiveness of testicular cooling. In reviewing the
literature on varicoceles and hyperthermia, it is necessary to
discern whether investigators are measuring intrascrotal or
intratesticular temperatures.
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To our knowledge, no animal studies have been performed to
determine the relationship between experimental varicocele and
intrascrotal temperatures.
In humans, the data are con¯icting. In one study, a 0.4±0.5°C
increase in scrotal temperatures in both the right and left
hemiscrotum of fertile versus infertile non-azoospermic men
was noted and, as expected, the increased scrotal temperature was
associated with compromised sperm characteristics. However,
when comparing infertile men with and without varicocele, there
was no difference in scrotal temperature (Mieusset et al., 1987).
Similarly, in another study, although varicocele was associated
with impaired sperm quality compared with control subjects, there
was no difference in scrotal skin temperature in men with or
without varicocele (Lund and Nielsen, 1996).
In contrast, the bilateral scrotal surface temperatures of
anaesthetized infertile men with varicocele were found to be
elevated compared with those in control subjects when using a
surface probe (35±36°C versus 33°C) (Goldstein and Eid, 1989).
These results were remarkably similar to those obtained in a study
conducted more than 15 years earlier, which also showed a
bilateral increase in scrotal temperature using a water-bath
thermometer placed against the anterior surface of the scrotum
(Zorgniotti and MacLeod, 1973). Using a miniaturized portable
digital data recorder for the continuous determination of scrotal
temperatures, two studies reported very wide variation in scrotal
temperature during a 24 h period in normal men, depending upon
their activity. Minimal scrotal temperatures were increased in
some men with varicocele compared with normal fertile men
(Jockenhovel et al., 1990). However, although sperm counts
increased after varicocele ligation or embolization, there was no
change in scrotal temperature (Lerchl et al., 1993).
In the adolescent population, patients with a palpable grade II±
III varicocele had signi®cant bilateral elevation of the scrotal
temperatures compared with the control subjects in both supine
and standing positions. Curiously, in adults, standing caused a
decrease in scrotal temperatures bilaterally in both the varicocele
and control populations (Zorgniotti and MacLeod, 1973;
Goldstein and Eid, 1989), while in adolescents, standing increased
the scrotal temperature only unilaterally, and only in varicocele
patients compared with controls. Those adolescent patients who,
in the standing position, could not maintain a left scrotal
temperature at least 1.4°C cooler than axillary temperature were
noted to have signi®cant left testicular volume loss. Following
successful varicocele surgery, left scrotal temperatures were
signi®cantly cooler, and left testicular volumes signi®cantly
improved (Salisz et al., 1991).
Unlike intrascrotal temperature studies, several animal studies
have been conducted to investigate intratesticular temperatures,
using both dogs and rats. These studies demonstrate a clear
increase in bilateral intratesticular temperature from unilateral
iatrogenic varicocele formation by partial ligation of the renal
vein or surgical valve destruction of the testicular vein (Saypol
et al., 1981), or by excision of a longitudinal strip of the
fasciomuscular tube of the spermatic cord (Sha®k et al., 1989).
More convincing evidence of the causal relationship between
varicocele and temperature is the normalization of elevated
intratesticular temperature following varicocele repair in rats
(Green et al., 1984) and rabbits (So®kitis and Miyagawa, 1992).
Increased intratesticular temperature is associated with abnorm-
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alities in spermatogenesis by testicular histology in some animals
(Saypol et al., 1981; Sha®k et al., 1989), and with decreased
ejaculated sperm quality (Sha®k et al., 1989; So®kitis and
Miyagawa, 1992). Unfortunately, these end-points were not
examined in the varicocele repair experiments.
In humans, direct intratesticular temperatures were measured in
one study using a 29-gauge needle thermistor inserted 1 cm into
the testicular substance on the anterior surface; temperatures were
found to be signi®cantly elevated bilaterally in association with
unilateral varicocele (34±35°C versus 32°C) (Goldstein and Eid,
1989). In this same study, the investigators measured both
intrascrotal and intratesticular temperatures, and found that
indeed these correlated. Hence, at least in this study, the
intrascrotal temperature was re¯ective of intratesticular temperature. Remarkably similar to animal experiments, bilaterally
elevated intratesticular temperatures prior to varicocele repair
were restored in control patient levels following unilateral or
bilateral varicocelectomy (Wright et al., 1997).
Although the data concerning the direct correlation between
varicoceles and scrotal hyperthermia are con¯icting, both animal
models and most human studies clearly demonstrate elevated
intratesticular temperatures associated with varicoceles. The
power of this correlation rests on the observation that varicocele
repair successfully decreased intratesticular temperatures to
control levels in both animal and human studies. The mechanism
by which heat affects spermatogenesis is unclear. Direct thermal
damage to nuclear RNA binding proteins and DNA at the level of
the seminiferous tubules and/or Leydig cells is suspected
(Nakamura et al., 1987; Fujisawa et al., 1989; Nishiyama et al.,
1998). However, high temperature does not appear to disturb
Leydig and Sertoli cell function, at least in the short term, as
measured by LH and FSH binding sites and testosterone
production in human testis in vitro (Namiki et al., 1987). The
speci®c activities of DNA polymerases a, b and g have been
reported to be reduced bilaterally by 50% in the testes of infertile
men with unilateral varicoceles versus normal testes of control
patients without varicoceles (Fujisawa et al., 1989).

Varicoceles and testicular blood ¯ow
The role of testicular blood ¯ow in varicocele pathophysiology is
closely integrated with the theories regarding hyperthermia and is,
therefore, equally controversial.
Animal studies report both increases and decreases in testicular
blood ¯ow in association with varicocele. Testicular blood ¯ow
was increased in experimentally induced varicocele in adult rats
and dogs (Saypol et al., 1981), and returned to control levels
following varicocele repair in rats in the short term (Green et al.,
1984) and long term (Hurt et al., 1986). Several investigators have
shown that a bilateral increase in testicular blood ¯ow occurs in
the presence of a unilateral varicocele (Green et al., 1984; Turner
and Lopez, 1990; Turner et al., 1993). The aetiology for this
remains elusive. Contralateral organs may respond to an
ipsilateral insult due to either hormonal or neural mechanisms.
An elegant study looked at the effect of right blood ¯ow after left
varicocele formation and left orchiectomy. Right testicular blood
¯ow, or contralateral testicular blood ¯ow, still increased despite
left orchiectomy. Therefore, it does not appear that the bilateral
effect is due to any hormonal signal from the left testicle in the

case of left varicocele formation (Hurt et al., 1986). The role of
baroreceptors or stretch receptors in the left spermatic vein or
another type of neural/non-neural feedback mechanism is
unknown. Interestingly, the bilateral increased blood ¯ow was
greater in younger rats versus older ones with unilateral
varicoceles; however, how this correlates with age of onset of
varicoceles and the infertile state remains unknown (Turner and
Lopez, 1990).
Studies demonstrating decreased testicular blood ¯ow in rats
following experimental varicocele by partial ligation of the left
renal vein measured at 30 min (Li et al., 1999), and at 4 weeks
(Hsu et al., 1994) are also available. Experimental varicoceles in
primates resulted in a decrease in blood ¯ow at 4±5 months
(Harrison et al., 1983), but this returned to normal over a 2-year
period (Harrison et al., 1986).
Overall, documented changes in testicular blood ¯ow with
experimental varicocele in animal studies are con¯icting. The
method of measuring blood ¯ow, variable effects on the types of
animals used, and the duration of the created varicocele studied
may partly explain the controversy.
Studies in humans are less controversial in that the testicular
blood ¯ow of men with varicoceles was shown, using colour
duplex ultrasonography, to be not signi®cantly different from that
in control subjects without varicoceles (Ross et al., 1994; Grasso
et al., 1997). However, these techniques cannot be used to study
the testicular microcirculation, despite an ability to assess the
spermatic cord vessels. Improved approaches to study the
microcirculation using power Doppler or other more sophisticated
technologies may soon be possible.
Although the direction of testicular blood ¯ow change in
association with varicocele is unclear, it is important to recognize
that an increase in testicular blood ¯ow is more consistent with an
increase in testicular temperature.

Varicoceles and venous pressure
The existence and mechanism of venous pressure changes
associated with varicoceles has long been debated, and re¯ects
the controversy that exists regarding the pathogenesis of
varicoceles. Increased venous tension may affect the blood
supply and microvasculature of the testis, by down-regulating
arterial in¯ow, to maintain the homeostasis of the intratesticular
pressure (Sweeney et al., 1991, 1995).
Direct measurements of intravascular pressures in microvessels
present on the subcapsular surface of the hamster testis disclosed
that testicular capillary pressure is very low, and is regulated by
the arterial side of the vascular network. The distribution of
vascular resistance indicates that capillary pressure may be
extremely sensitive to increases in venous pressure in the hamster
model (Sweeney et al., 1991). Over 90% of venous pressure
elevation caused by ligating collateral routes of venous out¯ow
and partially occluding the main venous out¯ow distal to the
pampiniform plexus was transmitted to the postcapillary venules.
The chronic precapillary vasoconstriction may have a deleterious
effect on the `nutrient supply' to the testicle, and may
consequently affect spermatogenesis. Additionally, the increased
venous pressure may lead to changes in intratesticular oncotic and
hydrostatic pressures and change the transport/paracrine environment of key hormones, and may also alter microvascular ¯uid

475

C.K.Naughton, A.K.Nangia and A.Agarwal
exchange. Evidence that this notion may be correct is the
decreased adenine nucleotide concentrations (Hsu et al., 1994)
and reduced nicotinamide adenine dinucleotide-cytochrome c
reductase activities in varicocele-bearing rat testicles compared
with those in sham-operated rats (Hsu et al., 1995). These studies
suggest defective mitochondrial oxidative phosphorylation, or
defective energy metabolism, in varicocele-induced testicles.
The normal resting venous tension of a spermatic cord vein was
measured by introducing a needle attached to a saline manometer
into the anterolateral aspect of the scrotum directly into a
pampiniform vein in humans (Sha®k and Bedeir, 1980). Patients
with varicoceles demonstrated a mean increase in ipsilateral
venous pressure of 19.7 mmHg within the pampiniform plexus
compared with control subjects. The pressure difference further
increased with the Valsalva manoeuvre to 22 mmHg. Despite this,
18 of 32 patients with varicoceles had normal semen parameters,
which questions the direct association between increased venous
pressure, varicoceles and impaired spermatogenesis.
Nevertheless, the natural subsequent investigation of measuring
the pressure following varicocelectomy was performed in a
follow-up study by the same investigators. Indeed, 88% of 60
patients after varicocelectomy demonstrated decreased venous
tension following surgery, though the duration of the follow-up
period was not mentioned. Forty-two (70%) of the original
patients demonstrated both decreased venous tension and
improved semen parameters, but only 32% of the original group
showed decreased venous tension, improved semen parameters,
and produced a natural pregnancy. In the subgroup of patients
who could demonstrate a decrease in venous tension, there was a
signi®cant difference in the improvement in sperm motility when
comparing the group that was able naturally to conceive
compared with the group that could not conceive (Sha®k, 1983).

Varicoceles and renal/adrenal re¯ux
Some 50% of men have retrograde ¯ow in the left spermatic vein
(Ahlberg et al., 1966). In patients with varicoceles, an increase in
venous re¯ux, documented by venography, is observed (Comhaire
and Kunnun, 1976; Comhaire et al., 1981). Here, the hypothesis is
that re¯ux of metabolic products from the kidney and/or adrenal
gland (e.g. catecholamines) are present in higher concentrations in
men with varicoceles, and that this may lead initially to chronic
testicular vasoconstriction and ultimately be toxic to testicular
function.
This hypothesis has not been con®rmed in animal models.
When labelled microspheres were infused into the left renal vein,
they did not appear in either the left or right testes of animals
which had undergone experimental left varicocele formation
(Turner and Lopez, 1989). Further, left adrenalectomy did not
rescue the increased testicular temperature, reduction in fertility,
decreased epididymal spermatozoal content and motility or
reduced testicular weight of Wistar rats 12 weeks following
varicocele formation (So®kitis and Miyagawa, 1993).
The role of re¯uxing adrenal steroids as a cause of decreased
spermatogenesis in men with varicoceles has been suggested
(MacCleod, 1965). In humans, the mean concentration of
catecholamines in re¯uxing testicular venous blood obtained
during surgery compared with peripheral blood was about 3-fold
higher, while in control subjects the difference was only about
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1.5-fold higher (Comhaire and Vermeulen, 1974). Elevated
catecholamine concentrations may be exchanged from the veins
to the testicular artery at the level of the pampiniform plexus via
the countercurrent exchange mechanism, resulting in increased
testicular artery noradrenaline concentrations, and causing
vasoconstriction of the intratesticular arterioles; contributing to
testicular hypoxia. However, measurement of other adrenal
products such as cortisol and dihydroepiandrosterone in the
spermatic vein compared with peripheral blood in infertile
patients with varicoceles have not revealed any differences
(Steeno et al., 1976; Sayfan and Adam, 1978).

Varicoceles and hormonal dysfunction
The ®nding of reduced serum testosterone concentrations in
infertile patients with varicoceles has led to the hypothesis that
varicoceles result in Leydig cell dysfunction, and subsequently to
decreased testosterone production.
Experimental varicocele in dogs caused decreased serum
testosterone and increased prolactin concentrations, as assessed
by radioimmunoassay, at 8 weeks (Sha®k et al., 1989). Bilateral
reductions in intratesticular testosterone concentrations were seen
following left varicocele induction in rats (Turner et al., 1990),
while another study demonstrated only ipsilateral intratesticular
testosterone reduction (Ghosh and York, 1994). Using a rat
unilateral varicocele model, an equal and bilateral decrease in
intratesticular testosterone, as well as two enzymes involved in
testosterone biosynthesis (17,20-desmolase and 17a-hydroxylase), was observed (Rajfer et al., 1987). These data suggest that
decreased serum testosterone concentrations observed in varicocelized animals may be explained by defective testosterone
synthesis. Alternatively, the mechanism of decreased intratesticular testosterone in varicocele may be partly explained by the
attenuated response of serum testosterone after human chorionic
gonadotrophin (HCG) stimulation in rabbits (So®kitis and
Miyagawa, 1994) and the decreased binding of HCG to Leydig
cells in varicocelized testes in rats (Kazama, 1995).
A World Health Organization (WHO) multicentre study on the
in¯uence of varicocele on fertility parameters demonstrated that
the mean testosterone concentration of men aged over 30 years
and with varicoceles was signi®cantly lower than that of younger
patients with varicoceles, whereas this trend was not observed in
men without varicoceles (WHO, 1992). These ®ndings suggest a
detrimental, time-dependent effect of varicocele on Leydig cell
function.
Normally, peripheral testosterone concentrations show a
biphasic response to HCG, with an initial peak at 1±4 h and a
second peak at 36±96 h. One study showed that the early peak of
testosterone may be blunted in men with varicocele, suggesting
that there is an enzymatic impairment in testosterone biosynthesis, possibly caused by a block at the level of 17,20-lyase, based
on accumulation of upstream concentrations of 17a-hydroxyprogesterone in varicocele patients following stimulation with HCG
(Scholler et al., 1984). Lower concentrations of circulating free
testosterone, higher oestradiol, and higher steroid-binding globulin levels are observed in varicocele patients compared with
control subjects (Hudson, 1996). Taken together, these data
suggest that altered free sex steroid concentrations may be the
result of a subtle, intrinsic defect in the testes of some men with
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varicoceles. However, whether this endocrinopathy is the cause or
the effect of decreased spermatogenesis in varicocele patients is
unclear. Despite the statistically signi®cant decrease in testosterone production in some varicocele patients reported by many
investigators, the actual values are within normal limits. This
®nding may be due to Leydig cell hyperplasia which compensates
for decreased testosterone production per Leydig cell (Sirvent
et al., 1990; Su et al., 1995). Other investigators have reported no
signi®cant difference in FSH, LH, testosterone and oestradiol
concentrations in both peripheral and testicular venous blood in
men with and without varicoceles (Swerdloff and Walsh, 1975;
Schiff et al., 1976; Hudson and McKay, 1980; Hudson et al.,
1981). Furthermore, reversibility of the hormonal dysfunction by
varicocelectomy remains controversial. No signi®cant difference
in pre- and postoperative testosterone concentrations have been
shown by several investigators (Hudson et al., 1985; Segenreich
et al., 1986). Others have reported a signi®cant change in serum
testosterone concentrations, especially in patients with low
preoperative values (Comhaire and Vermeulen, 1975; Su et al.,
1995).
Other studies suggest that the gonadotrophin response to
gonadotrophin-releasing hormone (GnRH) stimulation is a more
sensitive test of Leydig cell function than HCG stimulation. Men
with varicoceles were shown to have an excessive response, in
terms of LH and FSH release, to a 4 h infusion of GnRH (Hudson
and McKay, 1980). The magnitude of the response was also
greater in severely oligozoospermic men than in those with sperm
concentrations between 11 and 303106/ml. More importantly, the
men with exaggerated gonadotrophin response to GnRH were
most likely to show improvement in semen parameters following
varicocelectomy, regardless of the degree of oligozoospermia.
Others (Fujisawa et al., 1994) demonstrated that a normalization
of the LH response to GnRH stimulation after varicocelectomy
was predictive of improved fertility postoperatively; that is, the
normalization correlated with higher pregnancy rates.
These data suggest that varicoceles affect the hypothalamic±
pituitary±gonadal axis, and that men with varicocele and
abnormal Leydig cell function may be the subgroup most likely
to bene®t from varicocelectomy.

Varicoceles and autoimmunity
The blood±testis barrier and immunoregulatory proteins at the
level of the Sertoli cells, rete testis and efferent ductules, provide
immunological protection of sperm antigens and inhibit lymphocyte proliferation and complement-mediated cell lysis (Furuya
et al., 1978). Disruption of this blood±testis barrier is believed to
result in the production of antisperm antibodies. The proposed
aetiologies for such disruption include ductal obstruction,
testicular torsion, infection/epididymitis, prostatitis, testicular
trauma and varicocele (Jarrow and Sanzone, 1992). Although
testicular biopsies of healthy men with varicoceles revealed intact
Sertoli cell±Sertoli cell junctions, fertility status was not
addressed (Cameron and Snyder, 1980). The mechanism by
which varicoceles induces an antisperm antibody effect without
damage to the blood±testis barrier remains unclear (Turner et al.,
1987). Nevertheless, in a rat model, an experimentally induced
varicocele demonstrated signi®cantly higher antisperm antibody
levels than in sham and non-operated rats (Shook et al., 1988).
The remaining available literature on varicocele and autoimmunity rely upon data from human observations. The
prevalence of antisperm antibodies in the general male population
has been reported to be 0±2% (Haas et al., 1980; Knudson et al.,
1994), while the prevalence among unselected infertile men is
reported to be 3±12% (Hendry et al., 1977; Moghissi and Thomas,
1990). Antisperm antibodies have been shown to cause agglutination and immobilization of spermatozoa, sperm cytotoxicity,
impairment of sperm penetration into the cervical mucus,
prevention of capacitation or the acrosome reaction in response
to zona pellucida, and enhanced phagocytosis of spermatozoa by
macrophages (Bronson et al., 1984; Haas, 1986). The association
between varicoceles and antisperm antibodies is con¯icting, and
depends largely upon the parameters and methodology used by
investigators, i.e. a direct immunobead technique to evaluate
antibodies directed against the spermatozoon itself, or the
enzyme-linked immunosorbent assay (ELISA) technique to
evaluate antibodies directed against the seminal plasma (Table
I). If the antibody levels are analysed on spermatozoa and in
seminal plasma separately, there is no signi®cant difference

Table I. Incidence of antisperm antibodies in varicocele patients versus controls
Reference

Witkin and Toth (1983)
Golomb et al. (1986)
Gilbert et al. (1989)
Jarrow et al. (1992)
Oshinsky et al. (1993)
Knudson et al. (1994)

Fluid
type
SP
`Total'
Serum only
Sperm only
Sperm
Sperm
Sperm
Sperm

Method

Positive antibody (%)
Control

ELISA
ELISA
±
±
ELISA
Immunobead
Immunobead
Immunobead

a

5
41a
14
5
±
9a
11a
0

Varicocele
30
91
13
3
32
13
17
28

Antibody
type (%)
30 IgG; 10 IgA; 20 IgM
±
41 IgG; 47 IgA; 31 IgM
6 IgG; 34 IgA; 31 IgM
67 IgG; 85 IgA; 74 IgM
±
18 IgG; 10 IgA
100 IgG; 86 IgA; 43 IgM

a

Controls are infertile men without varicoceles.
ELISA = enzyme-linked immunosorbent assay; SP = seminal plasma.
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between infertile men with or without varicoceles; however, if all
antisperm antibody levels in these fractions are combined, then
91% of infertile men with varicoceles had antibodies compared
with 41% of infertile men without varicoceles (Golomb et al.,
1986) (Table I). The signi®cance of antibody levels directly on
the spermatozoa versus those levels in seminal plasma, remains
unknown. These data suggest that infertile men have a higher
incidence of antisperm antibodies than the fertile male population,
and that infertile men with varicoceles have a similar percentage
of antisperm antibodies as infertile men without varicoceles.

infertility occurs in the mechanisms regulating signal transduction
or calcium ion in¯ux (Benoff et al., 1994, 1995). Co-factors, such
as trace metals, may contribute to the infertile state associated
with varicoceles, and the existence of a candidate gene for the
defect in trace metal regulation has been postulated (Benoff et al.,
1996, 1997). The variable effect on fertility reported in patients
with varicoceles may represent a quantitative and qualitative
molecular difference in the expression of important sperm plasma
proteins, ultimately affecting the acrosome reaction.

Varicoceles and oxidative stress

Varicoceles and the acrosome reaction
The role of varicoceles in unexplained normospermic (idiopathic)
male infertility has been investigated. The defect is believed to
exist in sperm function rather than morphology or quantity, and is
also thought to involve the acrosome reaction during zona
pellucida binding (Rogers et al., 1985; Vigil et al., 1994). The
mannose binding assay may be used to determine acrosomal
activity (Benoff et al., 1993). Polyvalent mannose ligands act as
zona pellucida glycoprotein agonists in the presence of free
mannose, which rapidly induce acrosome exocytosis in fertile
motile spermatozoa after in-vitro capacitation (Benoff et al.,
1996). To our knowledge, no animal studies regarding varicoceles
and the acrosome reaction have been published.
Patients with varicoceles and idiopathic infertility express
mannose ligand receptors equivalent to fertile donors, but
spermatozoa fail to undergo the acrosome reaction in response
to mannose treatment, and are subsequently unable to penetrate
the zona pellucida. In the same study, no improvement in the
acrosome reaction was noted post-varicocelectomy; however, the
number of varicocelectomy patients studied was too small to draw
any de®nitive conclusions and the postoperative follow-up period
prior to performing the mannose binding assay was not mentioned
(Benoff et al., 1996).
A relationship exists between the distribution of sperm surface
mannose binding sites and anti-myosin antibody binding, as
demonstrated by immunohistochemistry. Anti-myosin antibody
reactivity also correlates with the state of the acrosome (Benoff
et al., 1995, 1996). Spermatozoa from varicocele patients
demonstrate a full complement of myosin-like epitopes, which
suggests that the defect in patients with varicoceles and idiopathic

Reactive oxygen species (ROS) include superoxide anions, the
hydroxyl radical, nitrous oxide, hypochlorous acid and hydrogen
peroxide (Sharma and Agarwal, 1996). The human spermatozoon
represents a member in a growing list of cell types, including
leukocytes and macrophages, that exhibit a capacity to generate
ROS when incubated under aerobic conditions (Babior et al.,
1973; Klebanoff, 1980; Holland et al., 1982). The production of
ROS by spermatozoa is a normal physiological process which
serves as an important mediator in signal transduction mechanisms (Schreck et al., 1991), regulation of sperm hyperactivation/
capacitation, and facilitation of the acrosome reaction and
spermatozoon±oocyte attachment (de Lamirande and Gagnon,
1993; de Lamirande et al., 1993; Aitken and Fisher, 1994).
In normal healthy men, the seminal plasma contains natural
scavengers or antioxidants to neutralize the effects of excessive
ROS generation. Under pathological conditions, however, ROS
production overwhelms the antioxidant capacity and causes
increased oxidative stress (Aitken et al., 1989; Iwasaki and
Gagnon, 1992; de Lamirande and Gagnon, 1995; Alkan et al.,
1997). ROS may cause defective sperm function as a result of
lipid peroxidation of the polyunsaturated fatty acids in the sperm
head and mid-piece, alter sperm morphology and lead to
decreased motility and ineffective spermatozoon±oocyte fusion
reaction (Aitken and Clarkson, 1987; Alvarez et al., 1987). ROS
also cause a high rate of double- and single-stranded DNA
damage (Lopes et al., 1998; Twigg et al., 1998). To our
knowledge, no animal models have been utilized in the study of
infertility and varicoceles and ROS.
ROS have been implicated in reduced fertility in patients with
varicoceles. ROS concentrations are higher in semen samples

Table II. Reactive oxygen species (ROS) and total antioxidant capacity (TAC) in varicocele patients versus controls

Age (years)
Log (ROS + 1)
TAC (trolox
equivalents)
a

Control
patientsa

Incidental
varicocele

Infertile
varicocele

Control versus.
all varicocele

(n = 17)

(n = 15)

(n = 21)

P

Incidental
P

Infertile
P

NS
0.007

NS
0.02

NS
0.02

0.02

0.05

0.05

31.1 6 2.1
1.30 6 0.33

29.9 6 1.7
1.99 6 0.26

1443.0 6 105.0

939.0 6 107.0

33.6 6 1.0
2.1 6 0.25
1186.0 6 96.9

Controls are normal donors without varicoceles
NS = not signi®cant.
Table derived from Hendin et al. (1999) J. Urol., 161, 1831±1834.
Trolox equivalents = amount of trolox (mmol/l) needed to give a 10% recovery of the initial light output.
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from both fertile and infertile men with varicoceles compared
with controls, when using chemostimulants to induce ROS
generation (Weese et al., 1993). If ROS production is the active
cause of infertility in patients with varicoceles, then the fact that
many of these patients are still fertile suggests that a spectrum of
ROS-induced damage exists; moreover, it is also possible that the
level of antioxidant also varies between the fertile and infertile
varicocele patients. The increased sensitivity to oxidative damage
of spermatozoa from varicocele patients may, in part, be due to a
de®ciency in the intracellular concentration of certain antioxidants (Mancini et al., 1998). Indeed, among 56 varicocele
patients, ROS concentrations were higher and the total antioxidant
capacity (TAC) lower than those of the control group (Sharma
et al., 1999). Elevated concentrations of ROS were found in 80%
of infertile varicocele patients, 77% with incidental varicoceles,
but in only 20% of normal donors. The incidental varicocele
group consisted of men who had a clinically apparent varicocele,
but who were not infertile. Normal donors had signi®cantly higher
total antioxidant concentrations than either the incidental
varicocele group or infertile men with varicoceles (Table II)
(Hendin et al., 1999). The same research group is presently
conducting a prospective study of ROS and TAC measurements
before and after varicocele repair to con®rm that varicoceles are
indeed associated with oxidative stress.
The increased sensitivity to oxidative stress may be partly
explained by the differences in composition of fatty acids in the
sperm plasma membrane. In a preliminary study, the polyunsaturated fatty acid content of sperm plasma membranes was
signi®cantly decreased in the majority of oligoasthenospermic
varicocele patients compared with normospermic varicocele
patients (Lenzi et al., 1996). At testicular biopsy, patients with
varicoceles had signi®cantly greater malondialdehyde (MDA)
concentrations than patients without varicoceles. MDA concentration is an indirect indicator of ROS-induced lipid peroxidation,
and provides further support of ROS as a potential mechanism of
varicocele pathophysiology (Koksal et al., 2000). Furthermore,
varicocele-related male infertility has been associated with
impaired disposal of residual sperm cytoplasm (Zini et al.,
2000)Ða morphological characteristic that is itself correlated
with defective sperm function and excessive elaboration of ROS
(Aitken et al., 1994; Gomez et al., 1996; Keating et al., 1997).

Summary
Unfortunately, it is not possible to pinpoint one mechanism
responsible for the pathophysiology of the varicocele. In
considering the available literature, it must be remembered that
experimental animal models play a useful, albeit limited, role due
to the sudden and variable iatrogenic nature of the varicoceles,
and also to the limited duration of the studies. The sudden
creation of these varicoceles may not represent the gradual and
continuous effect on spermatogenesis, nor represent any underlying testicular pathology that may pre-exist in humans.
Much of the human data studying the underlying mechanisms
of varicocele-related infertility are derived by measuring parameters between men with and without varicoceles and between
men pre and post-varicocelectomy. However, none of these
associations is able clearly to explain the variable effect of
varicoceles on spermatogenesis, or directly explain the mechan-

ism(s) involved, especially for the bilateral effect. The aetiology
may be multifactorial, and may even include a pre-existing
genetic disposition, which may account for the variable effect of
varicoceles on spermatogenesis and infertility seen in humans. At
present, most of the data are observational, but they do provide a
starting point for investigations. The associations made with
increased temperature, increased testicular blood ¯ow, increased
venous tension, and increased oxidative stress in men with
varicoceles, provide the scaffold upon which future investigations
should be built, to delineate better the pathophysiology of
varicoceles.

Acknowledgements
The authors would like to thank Dr Anthony J.Thomas, Head of
the Section of Male Infertility at the Cleveland Clinic Foundation,
for reviewing the manuscript.

References
Ahlberg, N.E., Bortley, O. and Chidekel, N. (1966) Right and left gonadal
veins. An anatomical and statistical study. Acta Rad. Diagn., 4, 593±601.
Aitken, R.J. and Clarkson, J.S. (1987) Cellular basis of defective sperm
function and its association with the genesis reactive oxygen species by
human spermatozoa. J. Reprod. Fertil., 81, 459±469.
Aitken, R.J. and Fisher, H. (1994) Reactive oxygen species generation and
human spermatozoa: the balance of bene®ts and risk. Bioassays, 16,
259±267.
Aitken, R.J., Clarkson, J.S., Hargreave, T.B. et al. (1989) Analysis of the
relationship between defective sperm function and generation of reactive
oxygen species in cases of oligospermia. J. Androl., 10, 214±220.
Aitken, R.J., Krausz, C. and Buckingham, D.W. (1994) Relationship between
biochemical markers for residual sperm cytoplasm, reactive oxygen
species generation, and the presence of leukocytes and precursor germ
cells in human sperm suspension. Mol. Reprod. Dev., 39, 268±279.
Alkan, I., Simsek, F., Haklar, G. et al. (1997) Reactive oxygen species
production by spermatozoa of patients with idiopathic infertility. J. Urol.,
157, 140±143.
Alvarez, J.G., Touchstone, J.C., Blasco, L. et al. (1987) Spontaneous lipid
peroxidation and production of hydrogen peroxide and superoxide in
human spermatozoa: superoxide dismutase as major enzyme protectant
against oxygen toxicity. J. Androl., 8, 338±348.
Babior, B.M., Kipries, R.S. and Curnutte, J.T. (1973) The production by
leukocytes of superoxide, a potential bactericidal agent. J. Clin. Invest.,
52, 741±744.
Benoff, S., Cooper, G.W., Hurley, I. et al. (1993) Human sperm fertilization
potential in vitro is correlated with differential expression of a head
speci®c mannose ligand receptor. Fertil. Steril., 59, 854±862.
Benoff, S., Cooper, G.W., Hurley, I. et al. (1994) The effect of calcium ion
channel blockers on sperm fertilization potential. Fertil. Steril., 62,
606±617.
Benoff, S., Barcia, M., Hurley, I. et al. (1995) Varicocele related infertility:
altered expression of sperm receptor proteins with myosin motors. J. Soc.
Gynecol. Invest., 2, 376.
Benoff, S., Barcia, M., Hurley, I. et al. (1996) Classi®cation of male factor
infertility relevant to in vitro fertilization insemination strategies using
mannose ligands, acrosome status and anticytoskeletal antibodies. Hum.
Reprod., 11, 1905±1918.
Benoff, S., Hurley, I., Barcia, M. et al. (1997) Potential role for cadmium in
the etiology of varicocele related infertility. Fertil. Steril., 67, 336±347.
Braedel, H.U., Steffens, J., Ziegler, M. et al. (1994) A possible ontogenic
etiology for idiopathic left varicocele. J. Urol., 151, 62±66.
Bronson, R., Cooper, G. and Rosen®eld, D. (1984) Sperm antibodies: their role
in infertility. Fertil. Steril., 42, 171±183.
Cameron, D.F. and Snyder, F.E. (1980) The blood-testis barrier in men with
varicocele: a Lanthanum tracer study. Fertil. Steril., 34, 255±258.
Cockett, A.T.K., Takihara, H. and Constentino, M.J. (1984) The varicocele.
Fertil. Steril., 41, 5±11.
Comhaire, F. and Kunnun, M. (1976) Selective retrograde venography of the

479

C.K.Naughton, A.K.Nangia and A.Agarwal
internal spermatic vein: a conclusive approach to the diagnosis of
varicocele. Andrologia, 8, 11±24.
Comhaire, F. and Vermeulen, A. (1974) Varicocele sterility: cortisol and
catecholamines. Fertil. Steril., 25, 88±95.
Comhaire, F. and Vermeulen, A. (1975) Plasma testosterone in patients with
varicocele and sexual inadequacy. J. Clin. Endocrinol. Metab., 40,
824±829.
Comhaire, F., Monteyne, R. and Kunnun, M. (1981) Radiologic anatomy of
the internal spermatic vein(s) in 200 retrograde venograms. Int. J. Androl.,
4, 379±387.
Dahl, E.V. and Herrick, J.F. (1959) A vascular mechanism for maintaining
testicular temperature by counter-current exchange. Surg. Gynecol.
Obstet., 108, 697±705.
Daitch, J.A., Bedaiwy, M.A., Pasqualotto, E.B. et al. (2000) Varicocelectomy
improves intrauterine insemination success rates among men with
varicoceles. J. Urol., 165, 1510±1513.
de Lamirande, E. and Gagnon, C. (1993) Human sperm hyperactivation in
whole sperm and its association with low superoxide scavenging capacity
in seminal plasma. Fertil. Steril., 59, 1291±1295.
de Lamirande, E. and Gagnon, C. (1995) Impact of reactive oxygen species on
spermatozoa: a balancing act between bene®cial and detrimental effects.
Hum. Reprod., 10, 15±21.
de Lamirande, E., Eiley, D. and Gagnon, C. (1993) Inverse relationship
between the induction of human sperm capacitation and spontaneous
acrosome reaction by various biologic ¯uids and the superoxide
scavenging capacity of these ¯uids. Int. J. Androl., 16, 258±266.
Dubin, L. and Amelar, R. (1977) Varicocelectomy: 986 cases in a 12 year
study. Urology, 10, 446±449.
Fujisawa, M., Yoshida, S., Kojima, K. et al. (1989) Biochemical changes in
testicular varicocele. Arch. Androl., 22, 149±159.
Fujisawa, M., Hayashi, A., Imanishi, O. et al. (1994) The signi®cance of
gonadotropin-releasing hormone test for predicting fertility after
varicocelectomy. Fertil. Steril., 61, 779±782.
Furuya, S., Kumamoto, Y. and Sugiyama, S. (1978) Fine structure and
development of Sertoli junctions in human testis. Arch. Androl., 1,
211±219.
Ghosh, P.K. and York, J.P. (1994) Changes in testicular testosterone and acid
and alkaline phosphatase activity in testis and accessory sex organs after
induction of varicocele in Noble rats. J. Surg. Res., 56, 271±276.
Gilbert, B.R., Witkin, S.S. and Goldstein, M. (1989) Correlation of spermbound immunoglobulin with impaired semen analysis in infertile men
with varicoceles. Fertil. Steril., 52, 469±473.
Goldstein, M. and Eid, J. (1989) Elevation of intratesticular and scrotal skin
surface temperature in men with varicoceles. J. Urol., 142, 743±745.
Golomb, J., Vardinon, N., Homonnai, Z.T. et al. (1986) Demonstration of
antisperm antibodies in varicocele related infertility with enzyme-linked
immunosorbent assay (ELISA). Fertil. Steril., 45, 397±402.
Gomez, E., Buckingham, D.W., Brindle, J. et al. (1996) Development of an
image analysis system to monitor the retention of residual cytoplasm by
human spermatozoa: correlation with biochemical markers of the
cytoplasmic space, oxidative stress, and sperm function. J. Androl., 17,
276±287.
Gorelick, J. and Goldstein, M. (1993) Loss of fertility in men with varicocele.
Fertil. Steril., 59, 613±616.
Grasso, L.F., Pepe, P., Panella, P. et al. (1997) Volocimetric evaluation of
spermatic vessels with echo color doppler in patients with idiopathic
varicocele. Minerva Urol. Nefrol., 49, 179±182.
Green, K.F., Turner, T.T. and Howard, S.S. (1984) Varicocele: reversal of the
testicular blood ¯ow and temperature effects by varicocele repair. J. Urol.,
131, 1208±1211.
Haas, G.G. (1986) The inhibitory effect of sperm associated immunoglobulin
on cervical mucus penetration. Fertil. Steril., 46, 334±337.
Haas, G.G., Cines, D.B. and Schreiber, A.D. (1980) Immunologic infertility:
identi®cation of patients with antisperm antibody. N. Engl. J. Med., 303,
722±727.
Harrison, R.M., Lewis, R.W. and Roberts, J.A. (1983) Testicular blood ¯ow
and ¯uid dynamics in monkeys with surgically induced varicoceles.
J. Androl., 4, 256±260.
Harrison, R.M., Lewis, R.W. and Roberts, J.A. (1986) Pathophysiology of
varicoceles in nonhuman primates: long term seminal and testicular
changes. Fertil. Steril., 46, 500±510.
Hendin, B.N., Kollettis, P.N., Sharma, R.K. et al. (1999) Varicocele is
associated with elevated spermatozoal reactive oxygen species production
and diminished seminal plasma antioxidant capacity. J. Urol., 161,
1831±1834.

480

Hendry, W.F., Sommerville, I.F., Hall, R.R. et al. (1973) Investigation and
treatment of the subfertile male. Br. J. Urol., 45, 684±692.
Hendry, W.F., Morgan, H. and Stedronska, J. (1977) The clinical signi®cance
of antisperm antibodies in male subfertility. Br. J. Urol., 49, 757±762.
Holland, M.K., Alvarez, J.G. and Storey, B.T. (1982) Production of superoxide
and activity of superoxide dismutase in rabbit epididymal spermatozoa.
Biol. Reprod., 27, 1109±1118.
Hsu, H.S., Chang, L.S., Chen, M.T. et al. (1994) Decreased blood ¯ow and
defective energy metabolism in the varicocele-bearing testicles of rats.
Eur. Urol., 25, 71±75.
Hsu, H.S., Wei, Y.J., Li, A.F. et al. (1995) Defective mitochondrial oxidative
phosphorylation in varicocele-bearing testicles. Urology, 46, 545±549.
Hudson, R.W. (1996) Free sex steroid and sex hormone-binding globulin
levels in oligospermic men with varicoceles. Fertil. Steril., 66, 299±304.
Hudson, R.W. and McKay, D.E. (1980) The gonadotropin release of men with
varicoceles to gonadotropin-releasing hormone. Fertil. Steril., 33,
427±432.
Hudson, R.W., Crawford, V.A. and McKay, D.E. (1981) The gonadotropin
response of men with varicoceles to a four-hour infusion of gonadotropinreleasing hormone. Fertil. Steril., 36, 633±637.
Hudson, R.W., Perez-Murrero, R.A., Crawford, V.A. et al. (1985) Hormonal
parameters of men with varicoceles before and after varicocelectomy.
Fertil. Steril., 43, 905±910.
Hurt, G.S., Howards, S.S. and Turner, T.T. (1986) Repair of experimental
varicoceles in the rat. Long-term effects on testicular blood ¯ow and
temperature and cauda epididymidal sperm concentrations and motility. J.
Androl., 7, 271±276.
Iwasaki, A. and Gagnon, C. (1992) Formation of reactive oxygen species in
spermatozoa of infertile patients. Fertil. Steril., 57, 409±416.
Jarrow, J.P. and Sanzone, J.J. (1992) Risk factors for male partner antisperm
antibodies. J. Urol., 148, 1805±1807.
Jockenhovel, F., Grawe, A. and Nieschlag, E. (1990) A portable digital data
recorder for long-term monitoring of scrotal temperatures. Fertil. Steril.,
54, 694±700.
Kazama, T. (1995) Effect of experimental varicocele on rat Leydig cell
function. Nippon Hinyokika Gakkai Zasshi, 86, 308±315.
Keating, J., Grundy, C.E., Fivey, P.S. et al. (1997) Investigation into the
association between the presence of cytoplasmic residues on the human
sperm midpiece and defective sperm function. J. Reprod. Fertil., 110,
71±77.
Klebanoff, S.J. (1980) Oxygen metabolism and the toxic properties of
phagocytes. Ann. Intern. Med., 93, 480±489.
Knudson, G., Ross, L., Stuhldreher, D. et al. (1994) Prevalence of sperm
bound antibodies in infertile men with varicocele: the effect of varicocele
ligation on antibody levels and semen response. J. Urol., 151, 1260±1262.
Koksal, I.T., Tefekli, A., Usta, M. et al. (2000) The role of reactive oxygen
species in testicular dysfunction associated with varicocele. Brit. J. Urol.,
86, 549±552.
Lenzi, A., Picardo, M., Gandini, L. et al. (1996) Lipids of the sperm plasma
membrane: from polyunsaturated fatty acids considered as markers of
sperm function to possible scavenger. Hum. Reprod. Update, 2, 246±256.
Lerchl, A., Keck, C., Spiteri-Grech, J. et al. (1993) Diurnal variations in
scrotal temperature of normal men and patients with varicocele before and
after treatment. Int. J. Androl., 16, 195±200.
Li, H., Dubocq, F., Jiang, Y. et al. (1999) Effect of surgically induced
varicocele on testicular blood ¯ow and Sertoli cell function. Urology, 53,
1258±1262.
Lome, L.G. and Ross, L. (1977) Varicocelectomy and infertility. Urology, 9,
416±418.
Lopes, S., Jurisicova, A., Sun, J. et al. (1998) Reactive oxygen species:
potential cause for DNA fragmentation in human spermatozoa. Hum.
Reprod., 13, 896±900.
Lund, L. and Nielsen, K.T. (1996) Varicocele testis and testicular temperature.
Br. J. Urol., 78, 113±115.
MacCleod, J. (1965) Seminal cytology in the presence of varicocele. Fertil.
Steril., 16, 735±757.
Madgar, I., Weissenberg, R., Lunen®eld, B. et al. (1995) Controlled trial of
high spermatic vein ligation for varicocele in infertile men. Fertil. Steril.,
63, 120±124.
Mancini, A., Conte, G., Milardi, D. et al. (1998) Relationship between sperm
cell ubiquinone and seminal parameters in subjects with and without
varicocele. Andrologia, 30, 1±4.
Marks, J.L., McMahon, R. and Lipshultz, L.I. (1986) Predictive parameters of
successful varicocele repair. J. Urol., 136, 609±612.
Mieusset, R., Biyan, L., Mondinat, C. et al. (1987) Association of scrotal

Pathophysiology of varicoceles in male infertility
hyperthermia with impaired spermatogenesis in infertile men. Fertil.
Steril., 48, 1006±1011.
Moghissi, K.S. and Thomas, A.J. (1990) Male infertility. ACOG Tech.
Bulletin, 142, 1.
Nakamura, N., Namiki, M., Okuyama, A. et al. (1987) Temperature sensitivity
of human spermatogonia and spermatocytes in vitro. Arch. Androl., 19,
127±132.
Namiki, M., Nakamura, M., Okuyama, A. et al. (1987) In¯uence of
temperature on the function of Sertoli and Leydig cells of human testes.
Fertil. Steril., 47, 475±480.
Nishiyama, H., Danno, S., Kaneko, Y. et al. (1998) Decreased expression of
cold-induced RNA- binding proteins (CIRP) in male germ cells at
elevated temperature. Am. J. Path., 152, 289±296.
Oshinsky, G.S., Rodriguez, M.V. and Mellinger, B. (1993) Varicocele-related
infertility is not associated with increased sperm bound antibody. J. Urol.,
150, 871±873.
Oster, J. (1971) Varicoceles in children and adolescents. Scand. J. Urol.
Nephrol., 5, 27±32.
Rajfer, J., Turner, T.T., Rivera, F. et al. (1987) Inhibition of testicular
testosterone biosynthesis following experimental varicoceles in rats. Biol.
Reprod., 36, 933±937.
Rogers, B.J., Mygatt, G.G., Soderdahl, D.W. et al. (1985) Monitoring of
suspected infertile men with varicocele by the sperm penetration assay.
Fertil. Steril., 44, 800±805.
Ross, J.A., Watson, N.E., Jr and Jarow, J.P. (1994) The effect of varicoceles
on testicular blood ¯ow in man. Urology, 44, 535±539.
Salisz, J.A., Kass, E.J. and Steinert, B.W. (1991) The signi®cance of elevated
scrotal temperature in an adolescent with a varicocele. Adv. Exp. Med.
Biol., 286, 245±251.
Sayfan, J. and Adam, Y.G. (1978) Intraoperative internal spermatic vein
phlebography in the subfertile male with varicocele. Fertil. Steril., 29,
669±675.
Saypol, D.C., Howards, S.S., Turner, T.T. et al. (1981) In¯uence of surgically
induced varicocele on testicular blood ¯ow, temperature, and histology in
adult rats and dogs. J. Clin. Invest., 68, 39±45.
Schiff, I., Wilson, E., Newton, R. et al. (1976) Serum luteinizing hormone,
follicle-stimulating hormone and testosterone responses to gonadotropinreleasing factor in males with varicoceles. Fertil. Steril., 27, 1059±1061.
Scholler, R., Nahoul, K., Castanier, M. et al. (1984) Testicular secretion of
conjugated and unconjugated steroids in normal adults and in patients
with varicocele. Baseline levels and time-course response to hCG
administration. J. Steroid Biochem., 20, 203±215.
Schreck, R., Rieber, P. and Baeuerle, P.A. (1991) Reactive oxygen
intermediates as apparently widely used messengers in the activation of
NF-kappa b transcription factor and HIV-1. EMBO J., 10, 2247±2258.
Scott, L.S. and Young, D. (1962) Varicocele: a study of its effect on human
spermatogenesis and of the results produced by spermatic vein ligation.
Fertil. Steril., 13, 325±334.
Segenreich, E., Shmuely, H., Singer, R. et al. (1986) Andrological parameters
in patients with varicoceles and fertility disorders treated by high ligation
of the left spermatic vein. Int. J. Fertil., 31, 200±203.
Sha®k, A. (1983) Venous tension patterns in cord veins. II. After varicocele
correction. J. Urol., 129, 749±751.
Sha®k, A. and Bedeir, G.A.M. (1980) Venous tension patterns in cord veins. I.
In normal and varicocele individuals. J. Urol., 123, 383±385.
Sha®k, A., Wali, M.A., Abdel Azis, Y.E. et al. (1989) Experimental model of
varicocele. Eur. Urol., 16, 298±303.
Sharma, R.K. and Agarwal, A. (1996) Role of reactive oxygen species in male
infertility. Urology, 48, 835±850.
Sharma, R.K., Pasqualotto, F.F., Nelson, D.R. et al. (1999) The reactive
oxygen species-total antioxidant capacity (ROS-TAC) score is a new
measure of oxidative stress to predict male infertility. Hum. Reprod., 14,
2801±2807.
Shook, T.E., Nyberg, L.M., Collins, B.S. et al. (1988) Pathological and
immunological effects of surgically induced varicocele in juvenile and
adult rats. Am. J. Reprod. Immunol. Microbiol., 17, 141±144.
Sirvent, J.J., Bernat, R., Navarro, M.A. et al. (1990) Leydig cell in idiopathic
varicocele. Eur. Urol., 17, 257±261.

So®kitis, N. and Miyagawa, I. (1992) Effects of surgical repair of experimental
left varicocele on testicular temperature, spermatogenesis, sperm
maturation, endocrine function, and fertility in rabbits. Arch. Androl.,
29, 163±175.
So®kitis, N. and Miyagawa, I. (1993) Left adrenalectomy in varicocelized rats
does not inhibit the development of varicocele-related physiologic
alterations. Int. J. Fertil. Menopausal Stud., 38, 250±255.
So®kitis, N. and Miyagawa, I. (1994) Bilateral effect of unilateral varicocele
on testicular metabolism in the rabbit. Int. J. Fertil. Menopausal Stud., 39,
239±247.
Steeno, O., Koumans, J. and De Moor, P. (1976) Adrenal cortical hormones in
the spermatic vein of 95 patients with left varicocele. Andrology, 8,
101±104.
Su, L., Goldstein, M. and Schlegel, P.N. (1995) The effects of varicocelectomy
on serum testosterone levels in infertile men with varicoceles. J. Urol.,
154, 1752±1755.
Sweeney, T.E., Rozum, J.S., Desjardins, C. et al. (1991) Microvascular
pressure distribution in the hamster testis. Am. J. Physiol., 260,
H1581±H1589.
Sweeney, T.E., Rozum, J.S. and Gore, R.W. (1995) Alteration of testicular
microvascular pressures during venous pressure elevation. Am. J. Physiol.,
269, H37±H45.
Swerdloff, R.S. and Walsh, P.C. (1975) Pituitary and gonadal hormones in
patients with varicocele. Fertil. Steril., 26, 1006±1012.
Turner, T.T. and Lopez, T.J. (1989) Effect of experimental varicocele requires
neither adrenal contribution nor venous re¯ux. J. Urol., 142, 1372±1375.
Turner, T.T. and Lopez, T.J. (1990) Testicular blood ¯ow in peripubertal and
older rats with unilateral experimental varicocele and investigation into
the mechanism of the bilateral response to the unilateral lesion. J. Urol.,
144, 1018±1021.
Turner, T.T., Jones, C.E. and Roddy, M.S. (1987) Experimental varicocele
does not affect the blood-testis barrier, epididymal electrolyte
concentration or testicular blood gas concentration. Biol. Reprod., 36,
926±932.
Turner, T.T., Evans, W.S. and Lopez, T.J. (1990) Gonadotroph and Leydig
cell responsiveness in the male rat. Effects of experimental left varicocele.
J. Androl., 11, 555±562.
Turner, T.T., Brown, K.J. and Spann, C.L. (1993) Testicular intravascular
volume and microvessel mitotic activity: effect of experimental
varicocele. J. Androl., 14, 180±186.
Twigg, J., Fulton, N., Gomez, E. et al. (1998) Analysis of the impact of
intracellular reactive oxygen species generation on the structural and
functional integrity of human spermatozoa: lipid peroxidation, DNA
fragmentation and effective antioxidants. Hum. Reprod., 13, 1429±1436.
Vigil, P., Wohler, C., Bustos-Obregon, E. et al. (1994) Assessment of sperm
function in fertile and infertile men. Andrologia, 26, 55±60.
Weese, D.L., Peaster, M.L., Himsl, K.K. et al. (1993) Stimulated reactive
oxygen species generation in the spermatozoa of infertile men. J. Urol.,
149, 64±67.
Witkin, S.S. and Toth, A. (1983) Relationship between genital tract infections,
sperm antibodies in seminal ¯uid and infertility. Fertil. Steril., 40,
805±808.
Witt, M.A. and Lipshultz, L.I. (1993) Varicocele: a progressive or static
lesion? Urology, 42, 541±543.
World Health Organization (1992) The in¯uence of varicocele on parameters
of fertility in a large group of men presenting to infertility clinics. Fertil.
Steril., 57, 1289±1292.
Wright, E.J., Young, G.P. and Goldstein, M. (1997) Reduction in testicular
temperature after varicocelectomy in infertile men. Urology, 50, 257±259.
Zini, A., Defreitas, G., Freeman, M. et al. (2000) Varicocele is associated with
abnormal retention of cytoplasmic droplets by human spermatozoa. Fertil.
Steril., 74, 461±464.
Zorgniotti, A.W. and MacLeod, J. (1973) Studies in temperature, human
semen quality, and varicocele. Fertil. Steril., 24, 854±863.

Received on 28 September 2000; accepted on 22 May 2001

481

