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Abstract

Varicocele is among the most common causes of male infertility. It is also one of the most controversial issues in the
field of Andrology, especially regarding why, when and to whom varicocelectomy should be applied. Many experts
believe that the surgical repair of varicocele should be applied only in a meticulously selected group of infertile men,
although there are no generally accepted criteria. Up to now, the only confirmed prognostic factor for achievement
of pregnancy after varicocelectomy is the age of the female partner. Given the wide application of intra - cytoplasmic
sperm injection (ICSI) during the last few years, the modern research approaches should compare the benefits of
varicocelectomy and ICSI, taking under consideration both the efficacy and the cost-effectiveness of the methods.
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Infertility is considered one of the main public
health issues, as it affects about 15% of the couples of
reproductive age'. The male factor is involved in 40% -
50% of infertility cases®. The most common type of male
infertility is idiopathic infertility, which is characterized
by the presence of one or more abnormal semen pa-
rameters with no identifiable cause®. Another common
cause of male infertility is varicocele, which in a Euro-
pean study was found to affect 16.6% of 7.802 men re-
ferred for infertility*. Our research group, has estimated
that the percentage of infertile men with varicocele in
the Greek population is 21%°.

Reports regarding the presence of varicocele in the
testis are dated back to the 1% century A.C., when the
Greek physician Celsus noted that: “The veins are swol-
len and twisted over the testicle, which becomes smaller
than its fellow, in as much as its nutrition has become
defective.”®. The first notice that varicocele might be
related to infertility was made between the end of the
19" and the beginning of the 20" century when surgical
repair of varicocele was shown to improve the quality
of sperm. Tulloch in 1952 first reported that bilateral
surgical repair of varicocele in a man with azoosper-
mia resulted in an increase in sperm concentration (27
x 10° / ml) and a spontaneous pregnancy’. Since then,
many studies have been focused on the diagnostic and
therapeutic approach of varicocele for fertility purposes,
but none of them has provided a clear answer concern-
ing the relationship between varicocele and infertility.
The fact that varicocele is a common problem among
infertile men does not indicate that it is the main cause
of infertility, since the co-existence of congenital or ac-
quired idiopathic testicular dysfunction with varicocele

is a frequent finding?®.

It is important to note that in 78% - 93% of cases
varicocele is located on the left side’. The increased fre-
quency of bilateral localization documented in more re-
cent studies can be due to the use of modern diagnostic
means, such as conventional or Doppler ultrasound of
the scrotum!*!2,

Varicocele can be categorized as: First grade: en-
largement of the venous plexus of spermatic tone is evi-
dent only by palpation during the Valsalva manoeuvre.
Second grade: enlargement of the venous plexus of sper-
matic tone is evident only by palpation at upright posi-
tion. Third grade: enlargement of the venous plexus of
spermatic tone is visually evident'.

The non-palpable enlargement of the venous plexus
of the spermatic tone, which is diagnosed only by ultra-
sound, angiography or any other imaging method, is de-
fined as subclinical varicocele'.

Etiology

The etiology of varicocele is not fully elucidated. Ac-
cording to one theory, varicocele is the result of anatomi-
cal differences between the right and left spermatic vein.
In fact, the right internal spermatic vein inserts directly
into the inferior vena cava at an acute angle, while the
left internal spermatic vein inserts into the left renal vein
at a right angle. It is believed that this disparity leads to
an increase in the hydrostatic pressure of the left sper-
matic vein, which is subsequently transferred to the ve-
nous plexus of the spermatic tone causing its dilation *. A
second theory is based on the observation that internal
spermatic veins lack functional valves, which can lead to
regression of blood. Finally, a third theory suggests that
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there is a partial obstruction of the left spermatic vein
due to the compression of the left renal vein between the
aorta and the upper mesenteric artery (“the nutcracker
phenomenon”)".

Pathophysiology

The adverse effect of varicocele on spermatogenesis
can be attributed to many factors such as an increased
testicular temperature, increased intratesticular pres-
sure, hypoxia due to attenuation of blood flow, reflux of
toxic metabolites from the adrenal glands and hormonal
profile abnormalities'®".

Varicocele is characterized by increased tempera-
ture of the scrotum possibly due to reflux of warm blood
from the abdominal cavity. This is caused primarily by
insufficiency of the internal spermatic vein valves® and
secondarily by malfunction of the valves of the external
spermatic and cremasteric veins?'. Surgical repair of
varicocele has been shown to restore the temperature
in both animals and humans. The mechanism by which
temperature influences spermatogenesis is not clearly
understood. According to one theory, it is caused by
thermal damage of the DNA and proteins in the nucleus
of spermatic tubules’ cells and / or Leydig cells'> 6.

The increased vein pressure can influence testicular
blood flow via compensational reduction of the arterial
flow required to preserve the homeostasis of the intra-
testicular pressure'®. A study showed that in men with
varicocele, the mean increase in the pressure of the ve-
nous plexus of the spermatic tone was 19.7 mm Hg, com-
pared to the control group?.

Increased concentration of regressed toxic metabo-
lites in the testes (e.g. catecholamines from the adrenal
glands) can cause chronic vasoconstriction and subse-
quent dysfunction of the spermatic epithelium®.

A multicentre study of the World Health Organiza-
tion (WHO) showed that men with varicocele over 30
years of age had significantly lower levels of testoster-
one compared to younger men with varicocele, while the
same results were not confirmed in men without varico-
cele'. It is speculated that the low levels of testosterone
observed in those men are caused by reduction of its
production due to dysfunction of Leydig cells. However,
this study failed to explain whether the reduced levels of
testosterone are due to varicocele or due to coexistence
of primary testicular failure. On the other hand, it has
been demonstrated that testosterone levels in men with
varicocele and no other testicular pathology are within
the normal range®. It has to be noted that varicocele can
not result in clinical hypogonadism.

The exact mechanism by which the above factors
contribute to the adverse effect of varicocele on sper-
matogenesis has not been fully clarified. It is speculat-
ed that the main mechanism is DNA damage in sperm
heads due to oxidative stress. The later is caused either
by the presence of high levels of reactive oxygen species
or by reduced antioxidant capacity. It is interesting to
note that these results were confirmed in fertile as well

as in infertile men with varicocele®. Thus, it becomes
obvious that oxidative stress is directly related to vari-
cocele, independent of the fertility status. Nevertheless,
oxidative stress is known to have adverse effects on
sperm structure and function, such as membrane lipid
alterations, disruption of sperm metabolism, reduction
of its motility®, DNA fragmentation® and reduced over-
all sperm quality?’.

It has been observed that in men with varicocele
germ cell apoptosis is a very common phenomenon®. In-
deed, germ cell apoptosis and subsequent oligozoosper-
mia can be attributed to increased scrotal temperature,
increased intratesticular cadmium concentration and
reduced levels of androgens®.

Having in mind that both the pathophysiology of
varicocele and its relationship with infertility remain
unclear, it could be speculated that possibly varicocele
represents a defense mechanism in an attempt to repair
a possible testicular dysfunction, rather than being the
cause of it*. This is further supported by the fact that
about 2/3 of men with varicocele retain their fertility®
31 and that fertility potential is not always improved af-
ter surgical repair of varicocele® 32, On the other hand,
the speculation that varicocele is a cause of male infer-
tility is based mainly on the increased incidence of this
condition among infertile men, on the correlation of
varicocele with reduced semen parameters and reduced
testicular size and finally on the improvement of semen
parameters and pregnancy rates after surgical repair of
varicocele.

Relationship between varicocele and male infertility

A possible reason for linking varicocele with infertil-
ity is the fact that it appears 2 — 3 times more frequently
in men that attend infertility clinics, than in men of the
general population or of proven fertility*®*>%. However,
the results from different studies are highly controver-
sial. The prevalence of varicocele in the general popula-
tion varies from 4% to 30%® *%. The prevalence among
infertile men also varies between different studies from
17% to 41%* *. This variation indicates either that the
prevalence of varicocele is very different among the dif-
ferent populations or that the diagnosis for this condi-
tion is very subjective and thus varies among researchers.
Interestingly, a multicentre study from the WHO pub-
lished in 1992 showed that the frequency of varicocele in
infertile couples among different geographical regions
varied from 6% to 47%".

The issue of subjectivity in the diagnosis of varico-
cele has long been a subject of debate. In a study by
Hargreave and Liakatas™, the two researchers examined
separetly the same patients (n = 138) and found the
prevalence of varicocele to be 31% and 19%, respec-
tively. Moreover, 18 men were diagnosed having a large
varicocele according to one or the other researcher, but
agreement in the diagnosis achieved only for 10 (56%) of
them. Thus, it becomes obvious that the estimated high
prevalence of varicocele in infertile men can be due to
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examiner’s bias. One should not forget that the men that
attend infertility clinics usually undergo extensive exami-
nation. Therefore, even small grade varicocele will not
be missed, in contrast to the general population, which
usually acts as the control group. In addition, men might
have one or two abnormal semen analyses with no other
obvious clinical cause. Thus, the physician in an attempt
to find a cause for the infertility might subconsciously
exaggerate on the varicocele diagnosis*.

Varicocele and semen parameters

There is still an ongoing debate among research-
ers as to if and to what extend varicocele affects semen
parameters, which usually vary from normal to mild or
moderate asthenospermia, teratospermia or astheno-
teratospermia. Initially, sperm concentration is not seri-
ously affected, though later all three sperm parameters
can gradually deteriorate, resulting in azoospermia in
very few cases®. A recent study reported significantly
lower semen parameters in infertile men with varicocele,
compared to the fertile control group but there was no
association with the size of the varicocele®. However,
the sample number in this study was small (40 men in
each group), which might have affected the validity of
the results. The low sperm concentration is attributed
by some researchers to the high germ cell apoptosis
usually observed in those men, while the low motility is
attributed either to the increased concentration of re-
active oxygen species or to the presence of antisperm
antibodies®.

It has been demonstrated that infertile men with
varicocele usually have slightly elevated levels of serum
FSH?%7, However, semen does not seem to be affected,
as further studies revealed that infertile men and men
of the general population with or without varicocele
do not present any significant difference regarding the
semen parameters®. On the other hand, a large scale
study by the WHO showed significantly lower sperm
concentration in infertile men with varicocele, com-
pared to men with idiopathic infertility, but did not
give any evidence regarding motility and morphology
of the sperm®.

The hypothesis that varicocele can cause testicular
damage was primarily confirmed on pubertal boys, in
which it was shown that the slight reduction in the size
of the ipsilateral testis was restored by surgical repair of
varicocele®®. However, this reduction in the testicular
size is quite different from the bilateral small testicu-
lar size (< 10 cm?) seen in adults with concomitant in-
creased FSH.

It seems that fertile and infertile men with varico-
cele have similar semen parameters with those without
the condition. Thus, it is speculated that varicocele af-
fects fertility and sperm quality in some, but not in all
men. Another assumption is that sperm quality is not af-
fected by varicocele as such, but simply coexists in some
men with idiopathic infertility and abnormal semen pa-
rameters.

Varicocele and progressive reduction of fertility

The hypothesis that varicocele progressively affects
testicular function in adult men is based on the observa-
tion that the condition is more frequent in infertile men,
especially in those with secondary infertility*#. It is
speculated that secondary infertility is due to the chron-
ic and progressively increased influence of varicocele®.
Based on these assumptions, some studies suggest the sur-
gical repair of varicocele, in order to avoid any negative
effects on testicular function. Nevertheless, those studies
have several drawbacks as they fail to mention any possible
reduction in semen parameters and choose to concentrate
on the increased prevalence of varicocele in older couples.
As an exception, progressively decreased sperm concentra-
tion was mentioned only in one study*’. In addition, one
should not forget the negative effect of the female age
on couple’s fertility, independently of the male fertility
potential. On the other hand, there are some studies that
do not confirm the increased prevalence of varicocele
in men with secondary infertility*?, thus the progressive
detrimental effect of varicocele on the testes should be
considered with caution.

The effects of varicocelectomy on male infertility

For many years varicocele was considered an impor-
tant cause of male infertility as numerous studies showed
improvement (30% to 60%) in semen parameters after
varicocelectomy®*. However, these findings were not
fully accepted due to serious methodological disadvan-
tages, such as that the main outcome was improvement
in semen parameters and not pregnancy rate. The main
disadvantage in these studies was the lack of a control
group.

It is true that infertile couples with sperm counts less
that 5 x 10°/ml and established infertility for at least one
year are capable of achieving natural conception (36%)
without any therapy*. This observation reveals the sig-
nificant role of the control group in such studies, sug-
gesting that if someone had his varicocele repaired, any
pregnancy after surgery could be attributed erroneously
to varicocelectomy. Besides, it is known since 1951 that
both motility and sperm count in men with oligo-asthe-
nospermia have a tendency to increase after repeated
measurements®. Baker et al were the first to explain
this phenomenon mathematically, which is called “re-
gression towards the mean” and it is related to all clinical
studies*. When a patient is under observation before an
intervention, and there is high parameter variabilitw in
the measurements, it is possible to observe a significant
improvement in these parameters, even if the interven-
tion is not effective. Despite the surgical repair of varico-
cele, a previously low sperm concentration can increase
and a previously high sperm concentration can decrease.
Thus, it is obvious that studies on the effectiveness of
varicocelectomy, which showed improvement in sperm
count and motility but had no control group, must not
be taken under much consideration.

There are only a few prospective controlled studies
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available in the literature with pregnancy rate as the main
outcome®**>4 The most well designed study is probably
that of Nieschlag et al®. In this study 62 infertile couples
were randomized to varicocele repair (30 with surgical
ligation of the spermatic vein and 32 with angiographic
embolization) in contrast to 63 infertile couples that un-
derwent counseling only. No statistically significant dif-
ference was found in pregnancy rates between the two
groups, during a period of twelve months. In an attempt
to find other prognostic factors, pregnancy rates were
not related to semen parameters, hormonal levels, vari-
cocele grade or men’s age, but only to female age. As
far as sperm quality is concerned, the total number of
spermatozoa was generally increased in both groups, but
the difference became significant only in the group that
underwent varicocele repair. No significant difference
was found between the two groups in any other semen
parameters or hormonal levels (FSH, LH and Testos-
terone).

An important step in the investigation of the role
of varicocele in male infertility was a systematic review
written by Evers et al®’. The aim of this review was to
investigate if the surgical repair of varicocele improved
pregnancy rates in couples with male factor or unex-
plained infertility. The authors reviewed nine studies
with considerable differences in the inclusion criteria
(men with clinical varicocele and normal sperm*”*, men
with subclinical varicocele™*, surgical ligation*” #3153
embolization® # 5% 3* and counseling® *°). The relative
benefit in the group of therapeutic intervention was 1.10
(95% CI0.73 - 1.68), revealing that there is no significant
benefit from the varicocele repair in infertile couples in
whom varicocele is the only abnormal finding. In addi-
tion, during analysis of the subgroups, it became obvious
that surgical repair of varicocele is not effective in men
with clinical or subclinical condition and to those with
normal semen parameters. Only one study by Madgar
et al* showed statistically significant higher pregnancy
rates after surgical repair of varicocele by high ligation
of the left spermatic vein. However, when Madgar’s re-
sults were combined to Nieschlag’s®, which were the
two studies including only men with clinical varicoceles
and abnormal semen parameters, it became evident that
pregnancy rates do not increase significantly after surgi-
cal repair of varicocele, compared to the control group.

Another controversial issue is the relationship be-
tween varicocele and azoospermia. The main question
is whether azoospermia is due to varicocele or to co-ex-
istent primary testicular failure. As a consequence, there
is no consensus on whether to operate varicocele in
azoospermic men with maturation arrest or Sertoli Cell-
Only Syndrome (SCOS). Furthermore, the question still
remains as to whether surgical repair of varicocele on the
above conditions should be recommended, in order to
avoid obtaining sperm by TEsticular Sperm Extraction
(TESE) for fertilization with Intra-Cytoplasmic Sperm
Injection (ICSI). The use of motile sperm from the ejac-
ulate gives better fertilization, cleavage and pregnancy

rates than those from TESE in ICSI®> . It is generally
accepted that sperm production after varicocele repair
recovers in a small degree, but remains suboptimal.
Onset of spermatogenesis and presence of sperm in the
ejaculate was evident in one clinical study in 33% of azo-
ospermic men who underwent varicocelectomy®’. How-
ever, this study had no control group and it showed that
55% of men progressively became azoospermic within
one year after surgery. These results led to the conclu-
sion that azoospermia probably was cryptozoospermia®’.
Another retrospective study showed that 22% of men
with non — obstructive azoospermia had some motile
and immotile spermatozoa in the ejaculate within a peri-
od of 14.7 months after varicocele repair, but only 9.6%
had enough motile spermatozoa that could be used for
ICSI®8. In addition, the percentage of sperm that could
be isolated with TESE did not increase after surgery.
These results are not a surprise: a study performed in
our unit showed that varicocele was the only cause of
azoospermia in only 1.6% of the 187 azoospermic men
examined®. In conclusion, men with clinical varicocele
and non-obstructive azoospermia are not expected to re-
tain satisfactory sperm quality after varicocelectomy, so to
be able to achieve pregnancy either with intercourse or with
Intra-Uterine Insemination (IUI) or ICSI without the use
of TESE.

At this point it is worthwhile to comment on the re-
lationship between varicocele and impaired histological
diagnosis of the testis. It is very likely that varicocele
and primary testicular failure such as idiopathic non-ob-
structive azoospermia can coexist. The only way to inves-
tigate this relationship is to repeat the testicular biopsy
after the surgical repair of varicocele. The persistence
of SCOS after surgery denotes that varicocele co-existed
with primary testicular failure, which of course was not
affected by the surgery. Thus, if there is a need to decide
whether to surgically repair the varicocele or not, espe-
cially in men with non-obstructive azoospermia, the phy-
sician must first answer the question if it is the varicocele
that causes the testicular damage or the two conditions
simply coexist. The answer to this question could possi-
bly explain the differences observed in the improvement
of semen parameters and pregnancy rates after varico-
cele repair®®#.

Subclinical varicocele

Nowadays, it is widely accepted that the optimum
diagnostic method for varicocele is the palpation of the
scrotum at the upright position during a Valsalva ma-
noeuver®. The non-palpable enlargement of the venous
plexus of the spermatic tone, which can be diagnosed
only by imaging techniques, is defined as subclinical
varicocele®. The accuracy of the imaging techniques,
such as Doppler ultrasonography and angiography, is
low: one study has shown that the accuracy of colored
Doppler is approximately 60% compared to angiogra-
phy, which is considered as the gold standard®. In any
case, most researchers agree that the detection of a sub-
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clinical varicocele is not an indication for surgical repair,
mainly because the prospective controlled studies which
have included men with subclinical varicocele failed to
report an increase in the pregnancy rate postoperative-
ly>'%. Thus, the main method for the diagnosis of a vari-
cocele is the physical examination by palpation, whereas
Doppler ultrasonography should be used to confirm the
clinical findings.

Varicocele and ICSI

The development of ICSI as the method of choice in
cases of severe male factor infertility triggered scientists
to modify their diagnostic and therapeutic approach®.
Thus, a frequent question regarding the therapeutic ap-
proach of infertile couples with varicocele is whether to
treat this condition first or apply directly TESE / ICSI.
The advantage of treating varicocele first is that, if it is
successful, it provides a good opportunity for natural
conception®. In addition, it is more cost-effective, espe-
cially if future pregnancies are planned®.

In order to repair a varicocele the following criteria
should be fulfilled®*:

1. Involuntary infertility of at least one year.

2. Presence of a palpable varicocele at the upright
position and during a Valsalva manoeuver.

3. No detectable or at least no irreversible cause of
female infertility.

4. Normal testicular size (> 15 cm?) or small reduc-
tion of the ipsilateral testis’.

5. Evaluation of at least two semen analyses at three
months interval. The presence of normal semen analyses
excludes varicocele as the cause of infertility. The usual
effects of varicocele on sperm parameters include mild
and moderate asthenospermia, teratospermia or asthe-
no-teratospermia. Initially, sperm concentration is not
seriously affected, though later all three semen param-
eters can gradually deteriorate, resulting in azoospermia
in very few cases®.

6. Normal values or slight increase (less than the
double of the upper normal range) of serum FSH levels,
as very high levels of serum FSH denote primary testicu-
lar failure.

Additional factors that must be considered before
deciding the therapeutic approach of varicocele in an
infertile couple include®:

1. The advanced age of the wife (older than 35 years)
and high serum FSH levels should drive the decision to-
wards the ICSI solution rather than repair of varicocele™.

2. In case of chronic presence of varicocele and ad-
vanced male age, surgery should be avoided.

3. Surgical repair of varicocele is recommended in
case of secondary male infertility***’. On the other hand,
if the patient has primary infertility, azoospermia, small
testicular size and high serum FSH levels, the presence
of varicocele should be ignored and surgery should be
avoided, as the diagnosis in this case pleads towards pri-
mary testicular failure.

4. The diagnosis of SCOS or maturation arrest in
FNA or open testicular biopsy denotes primary testicu-
lar failure. Thus, the presence of varicocele should be ig-
nored. On the contrary, the presence of mild or moder-
ate hypospermatogenesis can be attributed to varicocele
in which case surgery can be a reasonable therapeutic
approach.

Conclusion

Varicocele is one of the most debatable issues in
the field of male infertility mainly with regard to sur-
gical intervention. Many scientists believe that the
surgical repair of varicocele should include a very nar-
row group of infertile men. Nevertheless, there are no
widely accepted criteria regarding the selection of this
group of men. With the development of the ICSI tech-
nique during the last few years, research should focus
mainly on the effectiveness of surgical repair of vari-
cocele taking under consideration the pregnancy rates
of the methods, their cost-effectiveness as well as the
couple’s preferences.

References
1. World Health Organization. Laboratory manual for the ex-
amination of human semen and sperm-cervical mucus inter-
action (4™ Ed). New York USA: Cambridge University Press
1999
2. Speroff L, Glass RH, Kase NG. Infertility In: Clinical Gyne-
cologic Endocrinology and Infertility (6™ Ed). Baltimore USA:
Lippincott Williams & Wilkins 1999; 201-246
3. Baker HW. Male infertility. Endocrinol Metab Clin North Am
1994; 23: 783-793
4. Nieschlag E. Classification of andrological disorders In: Nie-
schlag E, Behre HM, eds. Andrology. Berlin, Heildelberg, New
York: Spriger-Verlag 1997; 79-83
5. Papadimas J, Mantalenakis S. Reproductive Endocrinology in
males. Thessaloniki, University Studio Press, 1993
6. Saypol DC. Varicocele. J Androl 1981; 2: 61
7. Tulloch WS. A consideration of sterility factors in the light of
subsequent pregnancies. Edinburgh Med J 1952; 59: 29-34
8. Kantartzi P-D. [Update on the role of varicocele in male infer-
tility]. Master degree dissertation. Thessaloniki, 2006
9. Saypol DC, Lipschultz LI, Howards SS. Varicocele In: Lip-
schultz LI, Howards SS, eds. Infertility in the male. New York:
Churchill Livingstone 1983; 299-313
10. Lemack GE, Uzzo RG, Schlegel PN, Goldstein M. Microsurgi-
cal repair of the adolescent varicocele. J Urol 1998; 160: 179-
181
11. Das KM, Prasad K, Szmigielski W, Noorani N. Intratesticular
varicocele: evaluation using conventional and Doppler sonog-
raphy. Am J Roentgenol 1999; 173: 1079-1083
12. Lund L, Tang YC, Roebuck D, et al. Testicular catch-up growth
after varicocele correction in adolescents. Pediatr Surg Int
1999; 15: 234-237
13. World Health Organisation. The influence of varicocele on
parameters of fertility in a large group of men presenting to
infertility clinics. Fertil Steril 1992; 57: 1289-1293
14. Marsman JW, Schats R. The subclinical varicocele debate.
Hum Reprod 1994; 9: 1-8
15. Naugton DK, Nangia AK, Agarwal A. Varicocele and male in-
fertility: Part II. Pathophysiology of varicoceles in male infertil-
ity. Hum Reprod Update 2001; 7: 473-481
16. Fuzisawa M, Yoshida S, Kojima K, Kamidono S. Biochemical
changes in testicular varicocele. Archs Androl 1989; 22: 149-
159



104

KANTARTZI P D

17

18.

19.

20.

2

—_

22.

23.

24.

25.

26

28.

29.

30.

3

—

32.

33.

35.

36.

37.

38.

39.

40.

4

uay

. Combhaire F. The pathogenesis of epididymo-testicular dys-

function in varicocele: factors other than temperature. Adv Exp

Med Biol 1991; 286: 281-287

Sweeney TE, Rozum JS, Gore RW. Alteration of testicular mi-

crovascular pressures during venous pressure elevation. Am J

Physiol 1995; 269: H37-45

Wright EJ, Young GP, Goldstein M. Reduction in testicular

temperature after varicocelectomy in infertile men. Urology
1997; 50: 257-259

Goldstein M, Eid JF. Elevation of intratesticular and scrotal

skin surface temperature in men with varicocele. J Urol 1989;
142: 743-745

. Chehval MJ, Purcell MH. Varicocelectomy: incidence of exter-

nal vein involvement in the clinical varicocele. Urology 1992;

39: 573-575

Shafik A, Bedeir GAM. Venous tension patterns in cord veins
in normal and varicocele individuals. J Urol 1980; 123: 383-385
Papadimas J, Mantalenakis S. Hormonal profile in infertile

men. Arch Androl 1983; 11: 73-80

Hendin B, Kolettis P, Sharma RK, et al. Varicocele is associ-

ated with elevated spermatozoal reactive oxygen species pro-

duction and diminished seminal plasma antioxidant capacity. J

Urol 1999; 161: 1831-1834

Armstrong JS, Rajasekaran M, Chamulitrat W, et al. Charac-

terization of reactive oxygen species induced effects on human

spermatozoa movement and energy metabolism. Free Rad Biol

Med 1999; 26: 869-880

. Aitken RJ, Krausz C. Oxidative stress, DNA damage and the Y
chromosome. Reproduction 2001; 122: 497-506

. Zini A, Kamal K, Phang D, et al. Biologic variability of sperm

DNA denaturation in infertile men. Urology 2001; 58: 258-261
Simsek F, Turkeri L, Cevik I, et al. Role of apoptosis in tes-

ticular damage caused by varicocele. Arch Esp Urol 1998; 9:

947-950

Benoff S, Gilbert BR. Varicocele and male infertility: Part 1.

Preface. Hum Reprod Update 2001; 7: 47-54

Nieschlag E, Hertle L, Fischedick A, et al. Update on treatment

of varicocele: counseling as effective as occlusion of the vena

spermatica. Hum Reprod 1998; 13: 2147-2150

. Evers JL, Collins JA. Assessment of efficacy of varicocele re-

pair for male subfertility: a systematic review. Lancet 2003; 361:
1849-1852

Redmon JB, Carey P, Pryor JL. Varicocele-the most common

cause of male factor infertility? Hum Reprod Update 2002; 8:

53-58

Pryor JL, Howards SS. Varicocele. Urol Clin North Am 1987;
14: 499

. Hargreave TB, Liakatas J. Physical examination for varicocele.

BrJ Urol 1991; 67: 328

Villanueva-Diaz CA, Vega-Hernandez EA, Diaz-Perez MA, et
al. Sperm dysfunction in subfertile patients with varicocele and

marginal semen analysis. Andrologia 1999; 31: 263-267
Marmar JL. Varicocele and male infertility: Part II. The patho-

physiology of varicoceles in the light of current molecular and

genetic information. Hum Reprod Update 2001; 7: 461-472
Pasqualotto FF, Lucon AM, De Goes PM, et al. Semen profile,
testicular volume and hormonal levels in infertile patients with

varicoceles compared with fertile men with and without varico-

celes. Fertil Steril 2005; 83: 74-77

Jarow JP. Effects of varicocele on male fertility. Hum Reprod

Update 2001; 7: 59-64

Gorelick JI, Goldstein M. Loss of fertility in men with varico-

cele. Fertil Steril 1993; 59: 613-616

Witt M, Lipschultz L. Varicocele: A progressive or static le-
sion? Urology 1993; 42: 541-543

. Chehval MJ, Purcell MH. Deterioration of semen parameters
over time in men with untreated varicocele: evidence of pro-
gressive testicular damage. Fertil Steril 1992; 57: 174-177

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Jarow JP, Coburn M, Sigman, M. Incidence of varicoceles in
men with primary and secondary infertility. Urology 1996; 47:
73-76

Schlesinger MH, Wilets IF, Nagler HM. Treatment outcome
after varicocelectomy. A critical analysis. Urol Clin North Am
1994; 21: 517-529

Hargreave TB, Elton RA. Is conventional sperm analysis of any
use? Br J Urol 1983; 55: 774-779

MacLeod J, Gold RZ. The male factor in fertility and infertility
II Spermatozoon counts in 1000 men of known fertility and in
1000 cases of infertile marriage. J Urol 1951; 66: 436-449
Baker HW, Kovacs GT. Spontaneous improvement in semen
quality: regression towards the mean. Int J Androl 1985; 8: 421-
426

Nilson S, Edvinsson A, Nilson B. Improvement of semen and
pregnancy rate after ligation and division of the internal sper-
matic vein: fact or fiction? Br J Urol 1979; 51: 591-596
Breznik R, Vlausavlievic V, Borko E. Treatment of varicocele
and male fertility. Arch Androl 1993; 30: 157-160

Madgar I, Weissenberg R, Lunenfeld B, et al. Controlled trial
of high spermatic vein ligation for varicocele in infertile men.
Fertil Steril 1995; 63: 120-124

Nieschlag E, Hertle L, Fischedick A, Behre HM. Treatment
of varicocele: councelling as effective as occlusion of the vena
spermatica. Hum Reprod 1995; 10: 347-353

Yamamoto M, Hibi H, Hirata Y, et al. Effect of varicocelec-
tomy on sperm parameters and pregnancy rate in patients with
subclinical varicocele: a randomized prospective controlled
study. J Urol 1996; 155: 1636-1638

Grasso M, Lania C, Castelli M, et al. Low grade left varicocele
in patients over 30 years old: the effect of spermatic vein liga-
tion. BJU Int 2000; 85: 305-307

Unal D, Yeni E, Verit A, Karatas OF. Clomiphene citrate
versus varicocelectomy in treatment of subclinical varico-
cele: a prospective randomized study. Int J Urol 2001; 8:
227-230

Krause W, Mueller H-H, Schaefer H, Weidner W. Does
treatment of varicocele improve male fertility? Results of the
“Deutsche Varikozelenstudie”, a multicentre study of 14 col-
laborating centres. Andrologia 2002; 34: 164-171

Loutradi KE, Tarlatzis BC, Goulis DG, et al. The effects of
sperm quality on embryo development after intracytoplasmic
sperm injection. J Assist Reprod Genet 2006; 23: 69-74
Aboulgar MA, Mansour RT, Serour GI, et al. Fertilization and
pregnancy rates after intracytoplasmic sperm injection using
ejaculate semen and surgically retrieved sperm. Fertil Steril
1997; 681: 108-111

Pasqualotto FF, Sobreiro BP, Hallak J, et al. Induction of sper-
matogenesis in azoospermic men after varicocelectomy repair:
an update. Fertil Steril 2006; 85: 635-639

Schlegel PN, Kaufmann J. Role of varicocelectomy in men with
nonobstructive azoospermia. Fertil Steril 2004; 81: 1585-1588
Papadimas J, Papadopoulou F, Ioannidis E, et al. Azoospermia:
Clinical, hormonal and biochemical investigation. Arch Androl
1996; 37:97-102

Eskew LA, Watson NE, Wolfman N, et al. Ultrasonographic
diagnosis of varicoceles. Fertil Steril 1993; 60: 693-697

Van Steirteghem AC, Nagy Z, Joris H, et al. High fertilization
and implantation rates after intracytoplasmic sperm injection.
Hum Reprod 1993; 8: 1061-1066

The Male Infertility Best Practice Policy Committee of the
American Urological Association and The Practice Committee
of the American Society for Reproductive Medicine. Report
on varicocele and infertility. Fertil Steril 2004; 82 (suppl. 1):
S$142-S145

Penson DF, Paltiel AD, Krumholz HM, Palter S. The cost-ef-
fectiveness of treatment for varicocele related infertility. J Urol
2002; 168: 2490-2494





