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The term ‘varicocele’, which was coined by Curling in 1843
(Noske and Weidner, 1999), refers to an abnormal dilation of the
testicular veins within the pampiniform plexus. Varicocele occur
more frequently on the left side (Riba, 1947), most probably due
to asymmetry of the internal spermatic veins resulting in
alterations in biochemical properties (e.g. increased extensibility
in comparison with the right spermatic vein) (Lund et al., 1998).
Varicocele was recognized and treated as early as the 1st century
AD and, over the centuries, the condition was an important
exclusion criterion for military service (Noske and Weidner,
1999). However, it was not until 1952 that the possible
association between the presence of a varicocele and human
male subfertility was formally recognized. Such recognition was
derived from a single case report, of a man diagnosed with
maturation arrest by testis biopsy, in which bilateral varicoce-
lectomy resulted in improved sperm count and pregnancy by
coitus (Tulloch, 1952). A flurry of reports followed, suggesting
that the incidence of varicocele was increased in subfertile men
(Russell, 1954; Scott, 1958) and that improvement in semen
parameters occurred after surgical intervention (Davidson, 1954;
Tulloch, 1955; Young, 1956; Scott, 1961; Charny, 1962;
MacLeod, 1965; Dubin and Hotchkiss, 1969).

In current medical practice, impairment of semen parameters
suggests that a varicocele may be present. In particular, a decrease
in sperm number, motility and morphologically normal sperma-
tozoa with an increase in head abnormalities is most often found
(MacLeod, 1965; Brown, 1976; Belker, 1981; Naftulin er al.,
1991). This finding alone should provide sufficient impetus for
further evaluation of the male. Of particular clinical importance is
that a significant number of men presenting with subfertility have
medical issues that would not have been diagnosed if an impaired
semen analysis had not led to further evaluation (Honig et al.,
1994; Jarow, 1994). Several investigators have also presented
compelling data suggesting that a varicocele causes a progressive
decline in fertility with upwards of 80% of men presenting with
secondary subfertility having a varicocele (Gorelick and
Goldstein, 1993; Witt and Lipshultz, 1993). This decline is
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thought to be due to progressive testicular damage, as testicular
mass and sperm counts in patients with varicocele decline with
age (Lipshultz and Corriere, 1977). The occurrence of testicular
damage with varicocele has alternatively been attributed to: (i)
increased scrotal (intratesticular) temperature; (ii) venous stasis;
(iii) reduced oxygen tension, and/or (iv) toxic metabolites from
the adrenals or kidney (Brown et al., 1967). To date, heat stress
remains the favoured mechanism (Combhaire, 1991; Mieusset and
Bujan, 1995; Wright et al., 1997).

Despite such findings, it is apparent that >85% of men with
varicocele are fertile (Sylora and Pryor, 1994). The same semen
abnormalities are observed in fertile and infertile men with
varicocele (Nagao et al., 1986). Although varicocele repair can
reduce testicular temperature (Agger, 1971; Yamaguchi et al.,
1989; Wright et al., 1997), only about one half of the studies on
the effects of varicocele repair report a significant improvement in
pregnancy rates after treatment, when compared with a control
(no treatment) group. In the absence of molecular markers, which
discriminate between fertile and infertile men with varicocele,
whether or not patient selection contributes to these disparate
findings is an open question. As will be seen from the contents of
this mini symposium, varicocele remains a controversial topic,
which is often the subject of heated debates between andrologists
and urologists, both about appropriate clinical management and
about the mechanisms producing infertility with varicocele. This
mini symposium was organized to address these issues.

This mini symposium is divided into two parts: both temporally
and with regard to content. The first part, in this issue of Human
Reproduction Update (Cozzolino and Lipschultz, 2001; Jarrow,
2001; Kamischke and Nieschlag, 2001; Silber, 2001; Turner,
2001) covers two main questions: firstly, does varicocele produce
an infertile state? and, secondly, does varicocele repair increase
pregnancy rates? The second part of this mini symposium (to be
published in a later issue of Human Reproduction Update) is
directed at the identification of varicocele-associated defects in
sperm function and the underlying pathophysiology of the
infertile state, including the role of ancillary factors.
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Detection of varicocele

The examination requires an adept clinician, a warm room and a
co-operative patient for proper diagnosis. Difficulties arise with
the ability to palpate a varicocele through a thickened scrotal wall
or contracted scrotum. In addition, the examiner must be able to
evaluate for epididymal and testicular pathology as well as
document asymmetric findings. Given the subjective nature of a
clinical examination, non-invasive diagnostic testing (e.g. ultra-
sonography) has been employed to attempt to quantify varicocele
size. Although there is no universally agreed-upon standard, a
vein (or vein complex) of >3 mm diameter, when measured
posterior to the testis during a Valsalva manoeuvre has been used
to differentiate between clinically significant and non-significant
varicocele. Ultrasound has also been valuable in following the
regression of varicocele after repair. The increased incidence of
bilateral varicocele reported recently (Lemack et al., 1998; Das et
al., 1999; Lund et al., 1999) may reflect the increased use of
ultrasonography, as may data suggesting further improvement in
semen quality after delayed repair of a contralateral varicocele
(Scherr and Goldstein, 1999).

Indications for treatment

Subfertility is the most common indication for treatment of
varicocele, while scrotal discomfort (although at times present in
the subfertile male), is infrequently the sole reason for repair. A
number of studies suggest that the response to varicocele repair is
related to varicocele size, with greater improvement in semen
parameters obtained with larger lesions (Johnsen and Agger,
1978; Steckel et al., 1993). Although controversy surrounds repair
of the adolescent varicocele (Atassi et al., 1995; Kass and
Reitelman, 1995; Paduch and Niedzielski, 1997; Sigman and
Jarow, 1997; Gershbein et al., 1999), most male fertility
specialists would repair large varicocele in the adolescent male
when accompanied by a decrease in testicular size, even in the
absence of an evaluable semen analysis. In the adolescent
varicocele group there also appears to be a reversal of the
testicular growth failure post-operatively (Kass and Belman,
1987; Atassi et al., 1995; Paduch and Niedzielski, 1997;
Gershbein et al., 1999; Lund et al., 1999). Recent studies have
also documented a significant improvement in sperm parameters
in men with both azoospermia and severe oligoasthenoterato-
zoospermia (Matthews et al., 1998; Kim et al., 1999).

Varicocele repair for pain is a less common indication.
However, when present the pain is usually described as a dull
throbbing ache. Few studies have followed these patients to see if
symptoms are better after the procedure. In a retrospective study
(Petersen et al., 1998) it was found that 86% had an improvement
in their symptoms while only 11% did not or had worsening of
their symptoms.

Treatment options for varicocele

Clearly, the overall goal of varicocele treatment is to improve
pregnancy rates (by improving testicular function and semen
parameters). However, the timing of varicocele repair is an area of
debate. With the great success of assisted reproductive proce-
dures, couples approaching 40 are often advised to proceed with
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this modality first, prior to varicocele repair. However, for the
younger male varicocele repair is considered to be the best cost-
effective option (Schlegel, 1997), as it potentially allows the
couple to conceive without assisted reproductive procedures.
Results of controlled trials of varicocele ligation (Schlegel, 1997),
have convincingly demonstrated an improvement in both semen
quality and fertility. On average, after varicocele ligation there
was a 33% pregnancy rate (confidence interval, 28-39%) as
compared to a treatment independent rate of 16% (95%
confidence interval, 13-20%). However, which patient may
benefit from varicocele ligation and who should be referred for
in-vitro procedures has not yet been defined.

Non-surgical approaches

Varicocele can be treated by either surgical or non-surgical
approaches. In addition to the assisted reproductive procedures of
intrauterine insemination (when poor post-coital testing is
observed) or IVF, non-invasive approaches include the use of
prednisone to treat impaired sperm motility associated with the
presence of anti-sperm antibodies, external appliances to cool the
scrotum, adjuvant hormonal therapy and percutaneous venous
occlusion (Girardi and Goldstein, 1997).

Hormonal values are often in the normal range in men with
varicocele (Swerdloff and Walsh, 1975; Bablok et al., 1985;
Haans et al., 1991), although this is not a constant finding
(Micic et al., 1986). There appears to be a correlation with
impairment in spermatogenesis and Leydig cell function that
can be corrected by varicocele repair (Castro-Magana et al.,
1989,1990). Several investigators have, in fact, suggested that
hormonal concentrations prior to varicocele ligation are
indicative of improvement in semen quality after repair
(Girgis et al., 1981; Hudson et al., 1986; Bablok et al.,
1997). In this context, adjuvant hormonal therapy using human
chorionic gonadotrophin (HCG) for 10 weeks after varicocele
surgery has been found to be effective in improving semen
quality, in men who also had Leydig cell dysfunction
(Yamamoto et al., 1995).

Percutaneous venous occlusion through the use of detachable
balloons or coils have gained some acceptance as a non-surgical
approach for treatment of varicocele. The use of sclerosing agents
has been used. However, it requires a considerable amount of time
and an increased duration of radiation exposure to the subfertile
male. It is usually often used only in conjunction with detachable
balloons or coils. With detachable balloons either a femoral or
jugular approach is used. The advantage with their use is the
ability to test the occlusion prior to completion of the procedure.
The disadvantages include the cost of the balloon, the possibility
of balloon migration and the inability to cannulate small collateral
veins. Detachable coils have the advantage of being inexpensive.
However, the adequacy of the occlusion cannot be verified prior
to deployment of the coil. Although these percutaneous
techniques are considered non-surgical with a minimal recup-
erative time they are often technically difficult and require a
longer procedural time than varicocele ligation. The success rate
for these procedures, when occlusion and non-recurrence are
considered to be the end point, is reported to be only 69% (Nagler
et al., 1997). The overall complication rate (balloon migration,
contrast extravasation, vascular injury) is in the range of 11%
(Pryor and Howards, 1987).



Surgical approaches

Surgical approaches have involved laparoscopic, retroperitoneal
and inguinal approaches (Girardi and Goldstein, 1997). The
scrotal approach is primarily of historic interest. The rich
anastomotic network of the pampiniform plexus of veins makes
both the failure rate and complication rate of a scrotal approach
unacceptably high. The microsurgical inguinal (Marmar et al.,
1985; Gilbert and Goldstein, 1988; Goldstein et al., 1992) and
more recently the subinguinal approach (Marmar and Kim, 1994)
has gained widespread use among male reproductive surgeons.
The benefits of this approach include the ability to individually
ligate all varicocele veins while preserving the arterial and
lymphatic vessels of the spermatic cord. This is done with
minimal tissue disruption, which translates into minimum
morbidity and a rapid recovery after the procedure. The primary
complications of surgical repair have been varicocele recurrence
and hydrocele formation. Varicocele recurrence has been reported
to occur in as few as 0.6% (Goldstein et al., 1992) to as much as
35% (Yavetz et al., 1992) of patients after surgical repair. The
lower rates are associated with the use of surgical magnification
and operative technique (inguinal/subinguinal approach with
ligation of the collateral venous channels). Hydrocele formation
appears to be the most common complication after non-
microscopic varicocele ligation, with an incidence of 3-33%
(Goldstein, 1995). Use of magnification (operating microscope or
loops) can assist in preventing the inadvertent tying of lymphatic
channels and the production of a hydrocele, which would serve to
blunt the beneficial effect of varicocele repair. Damage to the
testicular blood supply and a subsequent impairment in
spermatogenesis is not likely through many approaches due to
the contribution of the testicular as well as the vasal arterial

supply.

Testis biopsy as an investigational tool

Testicular biopsies have long been employed to investigate the
underlying pathology of infertility with varicocele. Most studies
have taken these biopsies at the time of varicocele ligation. Testis
biopsies from infertile adult males with varicocele indicate that
the predominant pathology is one of decreased spermatogenesis
associated with premature sloughing of immature germ cells into
the lumen of the seminiferous epithelium and, in some cases,
maturation arrest (Etriby et al., 1967; Dubin and Hotchkiss, 1969;
Ibrahim et al., 1977; McFadden and Mehan, 1978) Thickening of
the tubular basement membranes and interstitial hyperplasia are
also noted. The similar but less severe histological changes, with
early focal oedema and focal damage to the peritubular basal
lamina, which are observed in testis biopsies of boys aged 12-15
years are taken as additional evidence for progressive deteriora-
tion of the testis with varicocele and is used as an argument for
early repair (Hienz et al., 1980; Lyon et al., 1982; Kass et al.,
1987; Santoro et al., 2000). Changes in the vascular endothelium
occur before damage in the seminiferous epithelium is evident
(Hadziselimovic et al., 1989). The latter is consistent with
arguments that the underlying mechanism of infertility with
varicocele involves the observed disturbances in testicular blood
flow (Hienz et al., 1980). Testicular damage appears progressive
and generally is observed on both sides even with unilateral
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varicocele (Charny, 1962; Etriby et al., 1967; Dubin and
Hotchkiss, 1969; Gasser, 1971). However, biopsy findings are
not uniform among men with varicocele, normal hormonal
profiles and primary infertility (Dubin and Hotchkiss, 1969;
Ibrahim et al., 1977).

Two reports suggest that a good correlation exists between the
Johnsen (1970) score of the testicular biopsy from infertile men
with varicocele and total sperm count in the ejaculate (Johnsen
and Agger, 1978; Abdelrahim et al., 1993). Comparison of testis
biopsies taken pre- and post-operatively indicates that depressed
spermatogenesis may be improved after varicocele repair
(Charny, 1962; Johnsen and Agger, 1978; Abdelrahim er al.,
1993). Sperm motility may also be improved after varicocele
repair (Johnsen and Agger, 1978). However, neither testicular
histology nor semen quality is improved in all cases by surgical
treatment (Etriby et al., 1967; Dubin and Hotchkiss, 1969;
Abdelrahim et al., 1993). Pregnancy rates are often not improved
post-operatively when multiple biopsy deficits are present at time
of surgery (Etriby et al., 1967; McFadden and Mehan, 1978).

The immature forms found in the lumen of the seminiferous
epithelium and in the ejaculate of men with varicocele are similar
(Dubin and Hotchkiss, 1969). This observation, when considered
in the light of the findings described above, suggests that the main
damage of varicocele to human spermatozoa occurs in the testis,
not after ejaculation. However, in reviewing the literature and in
preparing this mini symposium, we found it striking that there was
a paucity of studies using testicular biopsies to assess varicocele-
associated defects at the molecular level. Perhaps this is because
of past failures in identifying a relationship between pre-operative
testicular histopathology and sperm count with pregnancy
outcome post-surgery (Dubin and Hotchkiss, 1969; McFadden
and Mehan, 1978). Nevertheless, what limited analysis of testis
biopsies is currently available provides evidence for biochemical
defects associated with varicocele and should serve as impetus for
additional studies.

Varicocele is associated with progressive sclerosis of the
lamina propria. A recent electron microscopic and immunohisto-
chemical study of testis biopsies revealed loss of a-laminin and
a-collagen type IV of the basal lamina (Santoro et al., 2000).
Peritubular myoid cells are also affected. A loss of actin- and
desmin-immunoreactive cells is reported, with observations
suggesting that the missing myoid cells have acquired fibroblastic
characteristics (Santamaria et al., 1992). Given evidence for
cross-talk between myoid cells and Sertoli cells (Santamaria et
al., 1992) and for a role of Sertoli cell actin in spermiation and
movement of spermatocytes across the blood-testis barrier
(Russell et al., 1989; Vogl, 1989) and our own preliminary
studies indicating that spermatozoa from infertile men are actin-
depleted (Benoff, 1997; Benoff et al., 1997), we believe that
premature sloughing which characterizes testis biopsies from
many varicocele subjects might be indicative of a cytoskeletal
defect.

To test this hypothesis, we compared actin immunoreactivity in
biopsy sections from men with obstructive azoospermia and
normal spermatogenesis with biopsy sections from infertile men
with varicocele, having either normal or reduced spermatogen-
esis. Typical results are shown in Figure 1 (left series). A bright
uniform fluorescence is observed in control biopsies from men
with obstructive azoospermia. In contrast, the overall fluorescence
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Figure 1. Loss of cytoplasmic actin filaments is correlated with an increase in germ cell apoptosis. A 10 mHz pencil Doppler was used to detect audible sounds of
retrograde blood flow. Testicular tissue was obtained by percutaneous needle aspiration biopsy (Marmar, 1998) and immediately fixed in formalin. Typical results
are shown. Left: indirect immunofluorescence (anti-actin) images of tubules from formalin-fixed testicular biopsy sections (9 um) were prepared by standard
laboratory protocols (Benoff, 1997; Benoff er al., 1997). (A) Patient with obstructive azoospermia (Johnsen score =8), scale bar=40pum. (B) Patient with
varicocele-associated infertility and normal spermatogenesis (Johnsen score =8). (C) Patient with varicocele-associated infertility and hypospermatogenesis
(Johnsen score <8). Right: Duplicate testis sections were assessed for apoptosis by TUNEL assay (TACS 2 TdT in situ Apoptosis Detection Kit) according to
manufacturer’s instructions. The arrows in the figure point to the red—brown diaminobenizidine staining of apoptotic nuclei.
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Figure 2. Initial analyses of testicular Cd** content. To determine the
concentration of Cd?* in testis biopsies, nine biopsy fragments (wet weight
>40 mg) were dried to a constant weight in vacuo, digested with acid and the
Cd** concentrations determined by graphite furnace atomic absorption
spectroscopy (Benotf, 1997; Benoff et al., 1997) using the method of standard
additions to correct for matrix effects. These assays show that testicular cd*
concentrations in men with varicocele-associated infertility divide into two
groups, one similar to measured values in control ‘normal’ testes (from men
with obstructive azoospermia) and one significantly elevated (*P <0.02).
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intensity of sections from subjects with varicocele is decreased
and the pattern of actin immunostaining also differs from the
controls, in that the immunofluorescence decreases with increas-
ing differentiation within the seminiferous tubules and with
severity of the spermatogenic lesion.

Actin loss by somatic cells is associated with an increase in
apoptosis (Russo et al., 1982; Tsudikate et al., 1993) and
apoptosis is reported to be increased in the testis of infertile men
with varicocele (Simsek et al., 1998). Therefore, we assessed the
level of apoptosis in duplicate biopsy sections (Figure 1, right
series). We observed that the percentage of apoptotic nuclei
increases as the actin immunoreactivity decreases.

Elevated concentrations of a metal ion, cadmium (Cd2+), can
result in actin loss (Wang et al., 1996) and can increase apoptosis
in the testis (Jones et al., 1997; Yan et al., 1997). Therefore, as we
had previously observed Cd** concentrations to be elevated in the
seminal plasma of infertile men with varicocele (Benoff, 1997;
Benoff et al., 1997), we assessed intratesticular Cd** concentra-
tions in portions of the same biopsies used for anti-actin staining
and for terminal deoxynucleotidyl transferase-mediated dUDP



nick-end labelling (TUNEL) analyses (Figure 2, typical results).
We observed that the testicular Cd** concentrations of the testis
biopsies from obstructive azoospermia were low (e.g. Figure 1A,
0.31 ng/mg dry weight), consistent with published reports on
testicular Cd** content (Oldereid et al., 1993). Cd** concentra-
tions in testis biopsies from men with varicocele and normal
spermatogenesis are similar (e.g. Figure 1B, 0.23 ng/mg dry
weight) but are significantly increased in some testis biopsies
from men with varicocele and hypospermatogenesis (e.g. Figure
1C, 1.1 ng/mg dry weight). These observations are interpreted to
indicate that anti-actin staining decreases as testicular temperature
and/or Cd** concentrations increase and that both loss of actin and
increased intratesticular Cd** concentrations contribute to in-
creased germ cell apoptosis.

The clinical diversity of human varicocele (e.g. inter-male
differences in scrotal temperatures, semen analysis and histology
of testis biopsies) as compared to the relative uniformity of
findings in experimental animal models becomes clear from the
current minisynposium. With this in mind, we suggest that other
mechanisms to produce apoptosis and an irreversible infertile
state may be operational, in addition to heat stress and increased
intratesticular Cd** concentrations/decreased actin, e.g. androgen
receptor defects may be a contributing factor (J.L.Marmar,
personal communication). We can take Marmar’s suggestion
one step further: in Figure 3, we propose a model for the
interaction of three pathways in the production of varicocele-
associated apoptosis and oligozoospermia: (i) elevated scrotal
temperature (heat stress); (ii) increased intratesticular cd*
concentrations and (iii) androgen deprivation. Pathway I invokes
heat stress (elevated scrotal temperature), which has been
documented to occur with varicocele (Agger, 1971; Yamaguchi
et al., 1989; Mieusset and Bujan, 1995; Wright et al., 1997) and
which may be reduced by varicocele repair (Agger, 1971;
Yamaguchi et al., 1989; Wright et al., 1997). In proposing this
pathway, we consider observations indicating that: (i) cryptorch-
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idism in man is associated with high scrotal temperature, impaired
spermatogenesis and infertility (Mieusset et al., 1995); (ii) heat
stress induces germ cell apoptosis (Hsueh ef al., 1996; Yin et al.,
1997); (iii) actin loss increases apoptosis by somatic cells (Russo
et al., 1982; Tsukidate et al., 1993); and (iv) intracellular actin in
the testis of animal models is disrupted by a brief local heating of
the scrotum (McLaren et al., 1994). We have observed that actin
loss from cells within the seminiferous epithelium in testis
biopsies from infertile men with varicocele is correlated with
increased germ cell apoptosis (Figure 1), with severity of
spermatogenic defects (see Figure 1), and with decreased sperm
count in the ejaculate (S.Benoff and J.L.Marmar, unpublished
observations). Pathway II invokes a mechanism based on
increased intratesticular Cd** concentrations (see Figure 2),
which can also cause actin disassembly and degradation (Wang
et al., 1996), and is the pathway we are currently attempting to
dissect (Benoff, 1999; Benoff ef al., 1999; Benoff et al., 2000a,b;
Hurley et al., 2000). In this pathway, the interstitial fluid in the
testis is a filtrate from blood plasma, with capillary hydrostatic
pressure and interstitial fluid pressure determining the volume of
interstitial fluid (Nagler, 1996). Varicocele causes an increase in
testicular venous pressure (Shafik and Bedeir, 1980; Sweeney et
al., 1995), increasing fluid transport. Thus, the elevation in
testicular Cd** concentration that we have observed in varicocele-
associated infertility (Figure 1) is likely to be derived from the
increased transvascular fluid exchange, which occurs with
varicocele (Sweeney et al., 1991, 1995), potentially allowing
more of the Cd** in serum to enter the testis. Such entry is likely
to occur as animal studies have provided clear evidence that Cd**
exposure alters the permeability of the testicular vascular
endothelium (Setchell and Waites, 1970). In the absence of an
active pump to remove this Cd** (Gunn er al., 1961), we predict
that testicular Cd** concentrations would be elevated over time
This prediction is supported by studies in man and in animal
models (Oldereid et al., 1993; Yan et al., 1997). In addition,
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Figure 3. Proposed model for multifactor aetiology of apoptosis leading to oligozoospermia in varicocele-associated infertility.
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animal modelling studies indicate that Cd** exposures damage
vascular endothelial cells, resulting in oedema, allowing greater
access to testicular parenchyma (Mason et al., 1964; Gunn et al.,
1968; Clegg et al., 1969; Aoki and Hoffer, 1978; Gazid and
Kaminski, 1984). Our data suggest that entry of Cd** into the cells
of the seminferous epithelium can occur via L-type voltage-
dependent calcium channels (L-VDCC) (Benoff et al., 2000a),
which are expressed in all cells within the seminiferous
epithelium (Goodwin et al., 1998). Cd** action in the testis is
likely to be cell-specific and stage-specific (Clegg et al., 1969;
Wong and Klaassen, 1980; Hew et al., 1993b). Under these
conditions, Sertoli cells are differentially sensitive to Cd**
(Clough et al., 1990). Intracellular actin of Sertoli cells apparently
regulates spermiation and movement of spermatocytes through
the blood-testis barrier (Russell er al., 1989; Vogl, 1989). A
single low dose of Cd** causes both disruption of Sertoli cell
microfilaments (Hew et al., 1993b) and failure of spermiation
(Hew et al., 1993a), potentially contributing to oligozoospermia.
By analogy with findings in somatic cells (e.g. Russo et al., 1982;
Tsukidate et al., 1993), Cd**-induced loss of cytoplasmic actin
filaments should increase apoptosis and contribute to the
production of oligozoospermia. Intracellular Cd** should also
directly stimulate the Ca2+-dependent endonuclease, which
produces the DNA fragmentation leading to apoptosis
(Lohmann and Beyersmann, 1993). It is likely that the effects
of heat stress and increased testicular Cd** concentrations are
synergistic. In the cryptorchid rat, exposure of the testis to the
higher abdominal temperature potentates the toxic effects of Cd**
exposure (Chatterjee and Ray, 1972; Fende and Niewenhuis,
1977). Pathway III invokes androgen deprivation (Sinha-Hakim
and Swerdloff, 1995; Hseuh et al., 1996), which may result from
endocrine dysfunction (Weiss et al., 1978; Ando et al., 1983;
Sirvent et al., 1990) or from an androgen receptor defect (Yoshida
et al., 1999).

We now propose an interaction between Cd** and androgen
deprivation based on two sets of observations. First, varicocele
often appear at puberty (Steeno et al., 1976; Hienz et al., 1980).
Second, the susceptibility of the testis of animal models to Cd**-
induced damage is thought to be androgen dependent (Clegg et
al., 1969), as newborn animal testes are resistant and the severity
of Cd**-induced damage increases with age (Wong and Klaassen,
1980; Phelps and Laskey, 1989). This interaction is eminently
testable through the examination of human testis biopsies, such as
used in this study.

Although some authors (McFadden and Mehan, 1978) suggest
that routine biopsies of varicocele patients are of limited benefit in
clinical management, another early study recommends the
prognostic value of testis biopsy when taken at the time of
varicocelectomy (Etriby et al., 1967). We concur with the latter
and suggest that testis biopsy could become part of the standard
clinical evaluation of varicocele patients in future.
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