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varicocele can be defined as an abnormal tortuosity and dilation of the
veins of the pampiniform plexus (PP). Idiopathic varicocele is usually
asymptomatic. It is noticed as an asymmetry in scrotal size, and presents

as heaviness in the scrotum, or, rarely, with testicular pain. In most cases, the
adolescent is unaware of the varicocele, and it is discovered during a regular
physical examination or examination for military service.1-4

The incidence of high-grade varicocele is approximately 5% throughout the
world.5 Varicocele is associated with a time-dependent growth arrest in adolescents
and adult males.6 There is a clear association between varicocele, infertility, and
testicular growth arrest.7-9 It is also known that varicocelectomy can reverse
growth arrest in adolescents.10-13 This knowledge has raised the question of how
best to manage adolescents with varicocele. 

Adolescents do not present with infertility, and thus should prophylactic repair
be performed to prevent infertility in the future? Who would benefit the most
from varicocelectomy: adolescents with testicular growth arrest or any adolescent
with varicocele? Is it better to wait for a semen analysis or offer earlier treatment
based on testicular growth arrest? These questions can be only answered when
we have a better understanding of the pathophysiology of varicocele. 
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This review presents the current
literature on adolescent varicocele
and provides guidelines to the clini-
cian on how to manage adolescents
with varicocele.

Epidemiology
In the general population of healthy
males, the overall incidence of varic-
ocele (all grades) is 10% to 15%.4,5,14,15

Approximately 30% to 50% of males
with primary infertility have varico-
cele.16-19 Varicocele is most common
on the left side. It appears at early
puberty, but can occasionally be
found in preadolescent boys.2,20 The
incidence in older adolescents varies
from 12.4% to 17.8%, with an average
of 14.7% (Table 1), similar to the
incidence in adult males. 

Anatomy 
The arterial blood supply to the testicle
comes from the testicular artery, vasal
artery, and cremasteric artery. At the
level of the testis, all three arteries
anastomose to allow adequate blood
supply, even with the division of the
testicular artery.21,22

Venous drainage (Figure 1) is more
complicated, with many individual
variations. Above the testis is a net-
work of communicated veins called
the pampiniform plexus, which
drains via the testicular vein trunci,
pudendal veins, and cremasteric
veins.23,24 In most cases, the testicular
vein trunci form a single testicular
vein entering the renal vein on the
left and the inferior vena cava on 
the right. Venographic studies have
demonstrated that the left testicular
vein can rarely enter the inferior
vena cava, and there are communi-
cations between the testicular vein
and the inferior vena cava below the
level of the renal veins.25-27 There is
also cross-communication between
the left and right testicular venous
systems (Figure 2).26,28-30

Table 1
Incidence of Varicocele in General Population 

of Healthy Adolescents

Reference No. of Patients Age (y) Incidence (Total)

Oster 1971186 837 10–19 16.2%
Steeno 1976116 4067 12–25 14.7%
Yerokhin 1979187 10,000 10–17 12.4%
Belloli 19939 9861 10–16 16.0%
Niedzielski 19975 2478 10–20 17.8%

Figure 1. Anatomy of venous drainage from left testis. For abbreviations, see accompanying list.

TV

a

PP

CC

a

TV
VV

II

EI
CV

EP

LS

SV

ES

T

K K

IVC

T

PP

a aorta
CC cross-communications 
CI common iliac vein
CV cremasteric vein
EI external iliac vein
EP external pudendal vein
ES external spermatic vein 
II internal iliac vein
IVC inferior vena cava
K kidney
LS long saphenous vein
PP pampiniform plexus
TV testicular vein and trunci
SV scrotal veins (gubernaculum)
T testis
VV vas vein



122 VOL. 3 NO. 3  2001    REVIEWS IN UROLOGY 

Current Management of Adolescent Varicocele continued

Etiology
The predominance of left-side varic-
ocele and the unique anatomy of the
left testicular vein are the basis for
several theories explaining the etiol-
ogy of varicocele. The presence of
venous valves was long believed to
be a mechanism guarding against
developing varicocele, and incompe-
tence of the venous valve system was
thought to be responsible for varico-
cele development. However, it was
shown that there are males without
varicocele who have an incompetent
venous valve system and males with
varicocele who have competent
venous valves.29

Hydrostatic pressure difference
could be a factor causing a left varic-
ocele. Although the left testicular
vein is longer than the right, the simple
difference in hydrostatic pressure of
a standing column of blood cannot
be the only reason for development
of varicocele, because all males
would be affected. 

The “nutcracker effect" is thought
to occur when the testicular vein is

compressed between the superior
mesenteric artery and aorta. The
increase in hydrostatic pressure
results in varicocele formation.
Although a high left renal vein to
vena cava pressure gradient is noted
in patients with varicocele, it is not 
a consistent feature.31,32

More recently, it has been hypoth-
esized that increased arterial blood
flow to the testis at puberty exceeds
venous capacity, resulting in venous
dilatation and varicocele.33,34 The results
of animal studies to support this
interesting theory are conflicting,
and confirmation in humans will 
be necessary.35

The finding of elevated nitric oxide,
a potent vasodilator, in the PP of
males with varicocele raises another
potential cause for the etiology of
varicocele in the adolescent.36 

Pathophysiology
The pathophysiology of varicocele
can be studied in animal models by
partial ligation of the left renal
vein.37 Many features of the human
condition, such as increased temper-
ature of the affected testis, increased
arterial blood flow, and histopatho-
logic changes, can be replicated in
animal models.38

The following theories attempt to
explain the deleterious effect of the
varicocele on testicular function:

Hyperthermia. The presence of
varicocele is associated with elevated
scrotal and testicular temperature and
altered spermatogenesis.39 Experimental
studies have shown that spermatoge-
nesis occurs optimally at temperatures
lower than body temperature. Many
of the enzymes responsible for optimal
DNA synthesis in the testis are tem-
perature-dependent.40,41 The scrotal
position of the testis and the counter-
current cooling system provided by
the PP surrounding the testicular
artery allow for heat exchange and
are responsible for regulating optimal

temperature for spermatogenesis.42

Stasis of blood in the varicocele 
with resultant increased temperature
may be responsible for the deleteri-
ous effect of varicocele on spermato-
genesis.43 Increased temperature 
is associated with decreased 
number of spermatogonia (SP) and
increased apoptosis of germinal 
epithelium cells.44

Abnormal blood flow. A current
hypothesis assumes that increased
blood flow through the testis can
affect spermatogenesis.45,46 An increase
in hydrostatic pressure with a change
in filtration pressure could consider-
ably alter the composition of the
interstitial fluid.47 This conceivably
could alter the intimate paracrine
communications between the Leydig
cells (LCs), peritubular myoid cells,
and Sertoli cells (SCs), ultimately
affecting spermatogenesis.1 The myoid
cells and capillary epithelium undergo
pathological changes in association
with varicocele that may effect trans-
membrane transport of substrates to
the germinal epithelium.48

Hypoxia and “adrenal reflux."
Stasis of blood in the PP could affect
partial oxygen pressure and change
aerobic metabolism in the testis.
However, hypoxia has not been
demonstrated in testicular venous
blood sampling in humans or exper-
imental animals.49,50 Reflux of blood
down the testicular vein has been
demonstrated in patients with varic-
ocele.51-53 Therefore, exposure of the
testis to adrenal or renal metabolites
is hypothesized to be a cause for 
testicular damage. However, adrenal
or renal metabolites at the level of the
testis have not been documented.37,54

Adrenalectomy in rats with experi-
mental varicocele did not diminish
the effects of the varicocele.55,56 Thus
the adrenal/renal reflux theory does
not appear to be responsible for 
the testicular damage associated 
with varicocele.55,57

Figure 2. Intraoperative venogram showing left to
right cross-communicating veins. CC,  cross-commu-
nications; PP, pampiniform plexus veins.
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Endocrine imbalance. Puberty,
spermatogenesis, and testicular
development are regulated by the
hypothalamic-pituitary-testicular
axis. There is a wide array of
endocrine abnormalities associated
with varicocele. LCs are under the
control of luteinizing hormone (LH)
and are responsible for testosterone

(T) production. Some studies have
shown that the serum T level may 
be affected by varicocele; however, 
it is intratesticular testosterone that
is important in the regulation of
spermatogenesis.58,59 In experimental
animal models, varicocele can result
in a decreased intratesticular testos-
terone level.60 The results of human

studies are mixed. Ando and col-
leagues found reduced serum T level
in males with varicocele and
increased serum T level after repair
of the varicocele.61-65 Swerdloff and
Walsh, however, showed that there
was no difference in testosterone
level between males with and with-
out a varicocele.66

Increased LH serum levels and an
abnormal response to gonadotropin-
releasing hormone (GnRH) could
implicate a compromise of the 
hypothalamic-pituitary-gonadal axis
involved in the control of T and
spermatogenesis, a pattern similar to
hypergonadotropic hypogonadism.67,68

Increased LH level results in LC
hyperplasia, a known histologic find-
ing in varicocele testicular biopsies.69-71

SC responsiveness to follicle-stim-
ulating hormone (FSH) may be
diminished in varicocele patients.
Stimulation of SCs with FSH reversed
spermatogenesis arrest in experimen-
tal animal models.72 Varicocelectomy
restored normal levels of FSH.73

Altered levels of serum inhibin found
in patients with varicocele may
reflect altered function of SCs.74

Cameron and associates noticed that
Sertoli-germ cell junctional com-
plexes appeared to be structurally
abnormal in patients with varicocele.75

They concluded that testicular dis-
ruption associated with varicocele is
a phenomenon of the adluminal
compartment, and that SCs are more
sensitive to perturbation of the testic-
ular environment than are germ
cells. SCs may be the primary
intratubular site of alteration leading
secondarily to spermatogenic disrup-
tion.76 Histologic studies of the testis
from patients with varicocele showed
absent germ cells or altered sper-
matogonia to SC ratio, signs often
associated with SC dysfunction.77 In
addition to measuring circulating
hormone levels, screening for point
mutations in the circulating hormones,

Figure 3. Endocrine regulation of spermatogenesis. Sertoli cells under the influence of follicle-stimulating hormone
regulate spermatogenesis by activin, androgen binding protein, and direct interactions with spermatogonia and
spermatids. Leydig cells (LCs) regulate spermatogenesis by achieving a high intratesticular testosterone concentration.
Epidermal growth factor (EGF) is produced by LCs and controls mitotic divisions of germinal epithelium. EGF also
stimulates divisions of peritubular myoid cells that in return produce another paracrine hormone, peritubular myoid
substance (PmodS). For abbreviations, see accompanying list.
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receptors, and secondary signaling
systems may give more precise
insight into male infertility and
allow for patient stratification.78

Paracrine regulation of the testis.
Insight into the detailed mechanism
of spermatogenesis is even more
complicated because it is also regu-
lated by complex interactions and
signals at the cellular level in the
testis (Figure 3).1,79

Both SCs and LCs regulate sper-
matogenesis by steroidogenesis and
growth factor production.80,81 SCs
tightly regulate germ cell proliferation
and differentiation and are implicated
in the control of germ cell apoptosis.
Fas (APO-1, CD95), a transmembrane
receptor protein expressed by germ
cells, transmits an apoptotic signal
within cells when bound by Fas ligand
(FasL) produced by SCs. The Fas 
system has been implicated in regula-
tion of apoptosis in germ cells.82 SCs
stimulated by FSH produce inhibin
(In) and activin (Ac).83 Inhibin has neg-
ative feedback control on the pituitary
and FSH secretion. It also binds to LCs
regulating T production. Activin binds
to round spermatids and spermato-
gonia (SP), affecting spermatogenesis.
SP are known to stimulate transferrin
production by SCs by an unidentified
protein substance.84

LCs control spermatogenesis not
only by steroid production but also
by epidermal growth factors (EGFs)
that bind to SP and spermatids regu-
lating cell divisions.85 Receptors for
transforming growth factor (TGF),
one of the EGFs produced by LCs, are
found in peritubular myoid cells
(PC). PCs secrete peritubular myoid
cell substance (PmodS) that stimu-
lates SCs. LCs control adluminal
tubular compartment and transport
of nutrients from the vascular space
to germinal epithelium by vascular
endothelial growth factor (VEGF).
VEGF is of particular interest in
varicocele, because it regulates

endothelial permeability and is an
angioproliferative factor.86

Locally produced neurotropins
play their distinct role in spermato-
genesis regulation.87 Opioid receptors
are found on LCs. During stress,
release of endorphins stimulates opioid
receptors and decreases testosterone
production. Blocking opioid receptors

by naloxone restores testosterone
production to normal.88 Naloxone did
not change the serum concentration
of LH, FSH, or T when given to
patients with varicocele.89

Free radicals may also be considered
paracrine substances, because they
are produced and act locally. There is
strong evidence that varicocele is
associated with increased concentra-
tion of free radicals in semen. Free
radical concentrations normalize
after varicocelectomy.90,91

With each discovery of a new
paracrine substance and a better
understanding of the molecular
mechanisms controlling spermatoge-
nesis, we will better define the patho-
physiologic mechanisms responsible
for growth arrest and deleterious
effects on spermatogenesis. The ability
to measure these substances may
allow us to predict which adolescent
and/or adult with varicocele requires
surgical intervention.

Pathology
Testicular hypotrophy. The testicular
function most affected by varicocele
is spermatogenesis.92 The most com-
mon findings on semen analysis are
increased number of pathologic
sperm forms, decreased motility, and
decreased sperm density.8,93,94 Sperm
analysis in adolescents with varico-
cele shows decreased sperm density,

increased number of pathological
forms, and decreased motility; how-
ever, there are no established norms
for adolescent semen analysis.93

Varicocele is also associated with tes-
ticular growth arrest in adolescents.10,12

Testicular growth arrest may be con-
sidered the hallmark of testicular
damage in adolescent varicocele.

Significant volume loss in adoles-
cents with varicocele has been noted
in 77% of boys, 10% of whom had a
left testis one fourth the size of the
right testis.95 Testicular hypotrophy 
is time-dependent.96,97

Testicular volume during preado-
lescence is constant, and at the onset
of puberty the testis suddenly
increases in size even prior to other
pubertal changes. In adolescents
with varicocele, the rapid growth of
the testis between the ages of 11 and
16 is affected by varicocele and
results in a volume discrepancy
between the right and left testis. The
hypothesis that there is a negative
correlation between testicular volume
and sperm density, motility, and
number of pathologic forms is well
supported in the literature.8,98,99

Histopathology. Testicular biopsy
in males with varicocele shows a
wide array of abnormalities. The most
common findings are LC hyperplasia,
decreased number of SP per tubule,
spermatogenesis arrest, and slough-
ing of germinal epithelium.99-103 A
thickened basement membrane of
seminiferous tubules and proliferative
lesions of endoepithelium are often
demonstrated and may affect trans-
port of oxygen and glucose through
these structures.104,105 The damage to
the basement membrane seems to be
time-dependent, as shown by ultra-

Testicular growth arrest may be considered the hallmark of testicular
damage in adolescent varicocele.
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structural and immunohistochemical
observations that highlighted focal
damage at the level of the peritubular
basal lamina in pubertal boys with
varicocele, but this damage was not
as severe as that described in adult

varicocele.106 Myofibroblasts obtained
from pubertal males with varicocele
showed no evidence of transformation
into fibroblasts other than increased
presence of extracellular matrix. In
adult males, myofibroblasts transform
into fibroblasts, with varicocele
causing peritubular fibrosis. This can
explain why the varicocelectomy in
adolescents is able to reverse growth
arrest and restore normal architecture
of the testis, while the same procedure
in adults with varicocele does not
always affect testicular atrophy,
although it may improve the semen
characteristics.107,108

Peritubular fibrosis and increased
thickness of basal membrane corre-
late negatively with sperm density
and number of pathologic forms.109

The longitudinal smooth muscle
fibers in vein walls are hypertrophied
in high-grade varicocele; however, it
is not yet clear whether this is a
cause or a consequence of varicocele.
One can stipulate that vein wall
hypertrophy may be the result of a
high volume of blood flowing
through the vessels or increased
hydrostatic pressure.110 

Diagnosis
The adolescent with varicocele is
often asymptomatic, and the varico-
cele is detected on routine physical
exam. The patient should be examined
standing in a warm room to relax the
scrotum and allow easier examination

of the spermatic cord. The scrotum is
first visually inspected for any obvious
distention around the spermatic
cord; a visible varicocele is considered
a large or grade 3 varicocele. The
scrotum, testes, and cord structures

are then gently palpated. A palpable
varicocele has been described as feel-
ing like a bag of worms or a squishy
tube. More subtle varicoceles may
feel like a thickened, asymmetric
cord. The nonvisible but palpable
varicocele is considered to be moder-
ate in size (grade 2). If a varicocele is
not palpable, but the patient performs
a Valsalva maneuver that distends
the PP of veins, a small (grade 1)
varicocele is present. 

After examining the patient in the
standing position, the patient should
be examined supine. Idiopathic
varicocele is more prominent in the
upright position and disappears in
the supine position. A thickened cord
due to a varicocele should resolve in
the supine position, whereas a thick-

ened cord due to a lipoma will not
change when the patient is supine.
Secondary varicocele, especially on the
right side, can be caused by serious
conditions such as retroperitoneal
tumors, kidney tumors, or lym-
phadenopathy.111 A secondary varico-
cele does not change its size so 
dramatically in the supine position.

Testicular size needs to be measured
to determine whether the varicocele is
adversely affecting the growth of the

testis. The volume of a normal testis
measures 1 cc to 2 cc in the prepu-
bertal male. Because of extensive
individual variation in normal growth
and development, testicular size is
correlated with Tanner stage, growth
velocity, and bone age rather than
chronological age. 

A number of methods have been
used to measure the size of the testis.
These include visual comparison,
rulers, calipers, comparative ovoids
(Prader orchidometer), punched-out
elliptical rings (Takahara orchidome-
ter), and ultrasound. A high correlation
(r = .992) between ultrasound and
actual volume was noted and was
shown to be highly reproducible.112

The Prader orchidometer was shown
to correlate with ultrasound meas-
urement in 256 patients (r = .91),
although the degree of correlation
was dependent on the investigator's
clinical experience. In a clinical
study of 22 male adolescents with a
varicocele, 24% of patients with
growth arrest would have been
missed if measured by Prader or-
chidometer alone, and 3 patients felt
to have a significant size discrepancy
(>2 mL) by Prader orchidometer
measurements were found to be nor-
mal by ultrasound volume estimate.

These findings indicate that clinical
estimates of testicular size by the
Prader orchidometer are not as accurate
or reproducible as those determined
by ultrasound. Accurate measure-
ment is important because operative
decisions rest in the balance.113 This
finding was recently confirmed by
Diamond and colleagues who recom-
mend annual ultrasound assessment
of testicular volume in adolescents
with varicocele.114

Diamond and colleagues... recommend annual ultrasound assessment of
testicular volume in adolescents with varicocele.

Secondary varicocele, especially on the right side, can be caused 
by serious conditions such as retroperitoneal tumors, kidney tumors, 
or lymphadenopathy.
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There is considerable disagreement
as to what constitutes a significant
size discrepancy justifying surgical
intervention. Testicular ultrasound is
the most accurate and reproducible
method to assess testicular volume
and significant testicular size varia-
tions. A volume difference of less
than 2 mL can be due to the meas-
urement technique alone. Therefore,
size variation of more than 2 mL by
ultrasound is currently the best indi-
cator of testicular damage and should

serve as the minimal requirement for
surgical repair of the adolescent
varicocele.1 Surgical intervention
reverses testicular growth arrest, and
assessment of testicular volume post-
operatively predicts resolution of 
the varicocele.12,11

Management
There are some cardinal questions to
be answered regarding management
of adolescent varicocele: 

Once a varicocele has been found,
what information needs to be given
to the patient and his parents? A
number of psychological reactions
(anxiety, depressed mood) were
experienced in approximately 30%
of boys who were informed about
varicocele.116 Because the word infer-
tility is often associated with sexual
impairment, we believe that during
discussion with the patient and his
parents, the only fact that should be
stressed is that varicocele may result
in a decrease in testicular volume
that can be reversed by surgical treat-
ment. However, it is hard to discount
the association between varicocele
and infertility in this era of common
accessibility to the medical literature

on the Internet (we found 1743 Web
pages in searching for the term
varicocele; many included the word
infertility in the text). Because there
are studies that demonstrate an
abnormal semen analysis in adoles-
cents, it seems advisable to discuss
all findings first with the parents
who can be helpful in presenting the
problem to the child.117,118

Once diagnosed, whom should we
treat? Varicocele is the most common
correctable cause of male infertility.119

Two thirds of patients will have
improvement in semen analysis 
after varicocele repair, and 40% of
partners will become pregnant.16

Historically, adolescent varicocele
was left untreated because its rela-
tionship to infertility was not well
established. Subsequently, Kass and
Belman showed that testicular
growth arrest could be reversed by
varicocelectomy in adolescents.120

Repair of varicocele not only reversed
growth arrest but also improved
semen analysis in adolescents and
young males.118,121,122

There is good evidence that, if left
untreated, with time the varicocele
will continue to affect testicular

growth with loss of volume and 
progressive deterioration in semen
analysis.6,123 Goldstein and Gorelick
suggest that varicocele causes a pro-
gressive decline in fertility and that
prior fertility in men with varicocele
does not predict resistance to varico-

cele-induced infertility in the future,
so-called secondary infertility.6

However, Lund and Larsen followed
39 men with varicocele for 8 years
and were not able to show progres-
sive decline in semen analysis results
compared with healthy subjects.124

The association between varicocele
and infertility is well established.7

The most difficult question is which
clinical test should we use to establish
the indications for surgical treatment
in an adolescent with varicocele? 

Currently, the clinical tests used 
to establish criteria for varicocele
repair are: 

1. Grade of varicocele
2. Measurement of testicular 

volume to assess testicular
growth arrest

3. GnRH stimulation test
4. Measurement of PP vein 

diameter
5. Serum LH, FSH, and inhibin

levels
6. Semen analysis 

1. Varicocele grade. Varicocele
grade does not correlate well with
abnormal semen analysis or infer-
tility in adults.125 There are varying
opinions regarding correlation
between grade of varicocele and
degree of testicular hypotrophy in
adolescents. Lyon and associates
found no correlation of varicocele
grade and testicular size in 30 ado-

lescents.95 In contrast, Skoog, Steeno,
and Paduch all independently noticed
that boys with severe varicocele have
a smaller ipsilateral testicle.10,113,116 It
was also noticed that the smaller the
testis, the worse the semen analysis
results.8,93 However, grade of varico-

It is hard to discount the association between varicocele and infertility
in this era of common accessibility to the medical literature on 
the Internet.

Varicocele is associated with testicular growth arrest in adolescents, and
varicocele repair results in testicular “catch-up" growth.
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cele by itself should not be the sole
indication for treatment.

2. Testicular volume. There is an
abundance of literature confirming
that varicocele is associated with 
testicular growth arrest in adoles-
cents, and varicocele repair results in 
testicular “catch-up" growth.10,118,121,122

Testicular growth arrest with a volume
difference of more than 2 mL
assessed by ultrasonography is the
most common indication for treat-
ment.1,10 The development of secondary
infertility is another strong argument
for early varicocele repair because, if
left untreated, varicocele can not
only affect testicular volume but also
spermatogenesis.6 A decrease in tes-
ticular volume is the best indicator for
surgical correction of varicocele.
However, not every boy with varico-
cele and testicular growth arrest will
be infertile, and there is still a need 
to search for a test that would better
distinguish between adolescents with
a varicocele who will develop infer-
tility and those who will remain fertile.
In adult males, the situation is a little
simpler because the indications for
surgery are usually established after
12 months of infertility confirmed 
by abnormal semen analysis and 
the presence of varicocele. Obtaining
a semen sample in adolescents is
possible but difficult.

3. GnRH stimulation test. Damage
to germinal epithelium results in com-
pensatory stimulation of the pituitary
gland and subsequent increase in FSH
and LH production by gonadotrophs.126

Intravenous administration of GnRH
stimulates the pituitary gland to
release FSH and LH. FSH levels are
elevated in any condition (like varic-
ocele) affecting the integrity of germi-
nal epithelium.127 In theory, the GnRH
stimulation test could distinguish
between adolescents with varicocele
who have abnormal testicular func-
tions and those who have normal
spermatogenesis.11 However, in clinical

practice, the GnRH stimulation test is
expensive, requires multiple serum
samples, and lacks an association
between abnormal results, growth
arrest, and infertility.128-130 An abnor-
mal GnRH stimulation test was
found in 30% of adolescents with
varicocele and was not correlated
with atrophy or infertility.131 Currently,
it seems that the GnRH stimulation
test has a limited role in the clinical
evaluation of adolescents with varic-
ocele in the United States, but is still
used in clinical trials in Europe.132

4. PP vein diameter. Ultra-
sonographic measurement of PP vein
diameter (PPVD) has been used to
look for subclinical varicocele in the
adult infertile population when the
physical exam is inconclusive and to
follow persistent varicocele, but
PPVD measurements are not useful
in adolescents.133,134

5a. Inhibin level. Serum inhibin
levels reflect the integrity of the
seminiferous tubule and function of
the SCs. Inhibin measurement in
serum does not add any diagnostic
information not found by FSH meas-
urement. Inhibin B levels after
dynamic GnRH stimulation failed to
aid in stratification of adolescents
with varicocele.136 At present, there
are not enough data to support the
use of serum In levels in making
clinical decisions.74,83,137-139 

5b. FSH stimulation. FSH has
been utilized as an adjuvant therapy
after varicocelectomy in adult infertile
patients; however, it also can be 
used in adolescents with varicocele.
Radicioni and Schwarzenberg postu-
late that more than 50% of improve-
ment in semen analysis in males
treated with a 3-month course of
FSH indicates a better outcome 
after varicocelectomy.140 However, at
present there isn't enough evidence
to advocate FSH stimulation prior to
varicocelectomy in adolescents.

6. Semen analysis. Increased num-

ber of pathologic forms, decreased
progressive motility, and decreased
sperm density are the most common
abnormalities found on semen analy-
sis in men with varicocele-related
infertility. Varicocele is associated
with impaired disposal of residual
sperm cytoplasm in the testis and
epididymis.141 The retained sperm
cytoplasm causes release of free rad-
icals and infertility. Varicocelectomy
was shown to lower the number of
sperm with retained cytoplasm.142 It is
concluded that varicocele may cause
deleterious alterations in early sper-
matid head differentiation during
spermiogenesis and that varicocele
patients with a high incidence of
sperm acrosome and nucleus malfor-
mations are appropriate candidates 
for varicocele correction.143 By applying
strict morphologic criteria to semen
analysis, it was shown that varicocele
repair improves the morphologic
abnormalities of the sperm head found
on preoperative semen analysis.144

Because there is good correlation
among sperm morphology, fertility
index, and results from artificial repro-
ductive techniques (ART), it is prudent
to offer varicocelectomy to men with
abnormal sperm morphology even
with normal testicular size.145,146 

Management summary. Currently,
prophylactic surgery for every 
adolescent with varicocele is not
advised because it would result in
the treatment of 15% of adolescents.
However, it appears that treatment
should be offered to:

1. Adolescents with testicular growth
arrest (2 SD from normal testicular
growth curves, more than 2 mL 
of difference between left and 
right testicles)

2. Adolescents with abnormal semen
analysis with high-grade varicocele

3. Adolescents with symptoms: 
pain, heaviness, swelling

4. Adolescents with bilateral 
varicoceles
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Treatment Options 
Treatment options in the manage-
ment of adolescents with varicocele
originated from the practice in adult
male infertility. 

Surgical ligation and division of
the testicular veins or intravenous
embolization of the testicular veins
accomplish varicocele repair.

Three open surgical approaches
are currently used: subinguinal
(Marmar), inguinal (Ivanissevich),
and retroperitoneal (Palomo).
Laparoscopic varicocele ligation is
often used in adults. Embolization
techniques, regardless of embolizing
material, can be classified as ante-

grade (infusion through scrotal part
of the PP veins) and retrograde
(catheter placed through femoral
vein puncture) techniques.

Failure rate, frequency of compli-
cations, cost, and outcome are impor-
tant factors that need to be evaluated
in choosing the preferable treatment
option in adolescent patients (Table
2). It is important to remember that
most studies on varicocele repair
concern adult infertile males with
varicocele and not adolescents.

Failure rate. Recurrence of the
varicocele after the repair can occur
in 9% to 16% of adolescents. It was
shown by Lund and our group that

persistence of varicocele should be
assessed by performing an ultra-
sound 6 months after surgery.148

Persistence of the varicocele results
in lack of “catch-up" testicular
growth.12 Most authors attribute the
high persistence rate to missed
venous collaterals that run parallel to
the main testicular vein. The collater-
als can be quite difficult to identify
and ligate separately from the testic-
ular artery. The reported persistence
rate using the artery-sparing
retroperitoneal approach ranges from
3% to 11%.12,147,149,150 Ligation of both
testicular vein trunci and the artery
has the advantage of a decreased

Main Points

• Varicocele is associated with time-dependent testicular growth arrest and is the most common correctible cause of male infertility. 

• In adolescent males it is usually asymptomatic, on the left side, and diagnosed during routine physical examination.

• Testicular growth arrest with a volume difference of >2 mL assessed by ultrasonography is currently the best indicator of 
testicular damage and should serve as the minimal requirement for surgical repair of the adolescent varicocele.

• Varicocelectomy can reverse growth arrest in adolescents (and may prevent future infertility).

• Laparoscopic varicocelectomy should not be used in adolescents. Although the high retroperitoneal ligation of the testicular artery
and veins is the treatment of choice in adolescents, pediatric urologists should consider using microscopic inguinal or subinguinal
repair with arterial preservation. 

• Clinical tests currently establish criteria for repair, and there is need for a test to distinguish between adolescents with varicocele
who will develop infertility and those who will remain fertile.

Table 2
Surgical Approach, Complications, and 

Relative Costs of Varicocele Repair

Technique Hydrocele Rate Failure Rate Cost References

Retroperitoneal 7%-10 % 9%-11% (artery sparing) Low 10,147 
<3% (artery taking) 12

Inguinal 3%-7% 9%-12% Low 150,163,188

Inguinal microscopic <1% 2.1% Moderate 155 
0.6% 156

Laparoscopic 1.25% 9% High 189
1.25% in adolescents 190

Embolization 19% High 172
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persistence rate and does not result
in testicular atrophy, because the
testis has collateral arterial blood
supply from the cremasteric and 
deferential arteries.12,21 Atassi and
colleagues achieved a persistence

rate below 2% in adolescents treated
by high retroperitoneal ligation with
testicular artery ligation.12 Artery and
vein ligation using laparoscopy was
also shown to result in similar catch-
up growth of the testis in adolescents
and a low persistence rate.151 There is,
however, some objection to simulta-
neous ligation of the testicular artery
in men with previous inguinal surgery,
as there may be a compromised blood
supply from the cremasteric and def-
erential arteries. Interruption of the
testicular artery in these patients cre-
ates a high probability of developing
testicular atrophy.  Subsequent vasec-
tomy in patients with testicular
artery division should be avoided
because ligation of the vasal artery
could result in testicular atrophy. 

Nagar recently reported a low per-
sistence rate after varicocelectomy, if
patients were stratified using color
Doppler ultrasound.152 A high ligation
was performed only when reverse
blood flow was demonstrable in the
varicocele during a Valsalva maneuver,
and a low approach was utilized
when this finding was absent. One
can hypothesize that pelvic collateral
and cross-communicating veins were
responsible for the varicocele in
patients who showed lack of reverse
blood flow through the PP on ultra-
sound. Obviously, outcome in this
group would be unsuccessful if 
managed by a high retroperitoneal
approach. The high incidence of

pelvic splanchnic veins communicat-
ing with the internal spermatic vein
found during embolization confirms
Nagar's hypothesis.153 We previously
showed the importance of cross-
communicating veins and pelvic

veins in the persistence of varicocele;
these results and Nagar's observa-
tions are opening a whole new area
for future study.154 

The high varicocele persistence
rate and postoperative hydrocele rate
led to the development of microsur-
gical varicocelectomy. Both subin-
guinal and inguinal microsurgical
repair are used quite often in adults
with varicocele and indeed offer
lower persistence rates and a low
incidence of postoperative hydro-
cele.155-157 The low persistence rate
using the microsurgical inguinal
repair is attributed to ligation of all
distended veins and collaterals at 
the level of the internal inguinal
ring.155,156 Because more pediatric
urologists and surgeons are gaining

experience in microsurgical inguinal
varicocele repair, we may see this
procedure becoming a surgery of
choice for adolescents.158,159 Reports
by Minevitch and Goldstein demon-
strated a significantly lower rate of
persistence and postoperative hydro-
cele in adolescent patients.158,160,161 The
microscopic approach allows one to
ligate only the veins, leaving the

lymphatic vessels intact and decreasing
the postoperative hydrocele rate to
less than 1%.156,157 These encouraging
reports were recently confirmed by a
prospective study by Cayan and
associates, who treated 468 patients
by either high retroperitoneal ligation
or inguinal microsurgical repair.
Microsurgical varicocelectomy resulted
in fewer cases of postoperative
hydrocele and recurrences.162

Laparoscopic varicocele repair
with and without artery-sparing
modifications are suitable surgical
techniques.163-165 The testicular vein
and artery can be divided with
hemostatic clips or coagulated with
bipolar electrode.166 Laparoscopic
varicocele ligation can be employed in
adolescents.167-169 Laparoscopic surgery
in the pediatric population bares the
risk of significant complications like
bowel perforation, major vascular
injury, pneumothorax, and incisional
hernia. Laparoscopic varicocele liga-
tion is more expensive, takes longer,
and offers no benefits of pain man-
agement or earlier return to daily
activities as compared with the
microvascular inguinal approach.170

In a prospective, randomized study
to compare laparoscopy versus open
repair for varicocele in adult males

with infertility (160 patients in the
laparoscopy arm and 120 in the
inguinal arm), laparoscopy was
shown to be more expensive and to
lack any advantages over the
inguinal approach.171 We are also
concerned about the much higher
cost of laparoscopy and its potential
risks. In our opinion, laparoscopic
varicocelectomy should not be used

We previously showed the importance of cross-communicating veins and
pelvic veins in the persistence of varicocele; these results are opening a
whole new area for future study.

In a prospective, randomized study to compare laparoscopy versus open
repair for varicocele in adult males with infertility, laparoscopy was
shown to be more expensive and to lack any advantages over the
inguinal approach.
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in adolescents. A retroperitoneal
approach or microsurgical inguinal
repair is preferred.

Retrograde embolization, unfortu-
nately is associated with an unac-
ceptable high rate of persistence and
is the most expensive of treatment
techniques.1 A possible explanation of
such a high persistence rate of varic-
ocele after embolization  is the highly
variable anatomy of the testicular
venous drainage and technical diffi-
culties.172 Because the embolization is
performed in otherwise healthy young
males with approximately 70 more
years of life, one should also be con-
cerned about radiation exposure during
embolization, with a subsequent 0.1%
life-long risk for cancer.173 Antegrade
embolization is more often used to
treat persistent varicocele than as an
initial treatment.174-178

Other options to decrease the rate
of varicocele persistence are intraop-
erative venography and methylene
blue injections.27,150,179,180 Intraoperative
venography in theory should facilitate
ligation of all testicular vein trunci
and decrease the rate of persistence.
Hart and associates recommend 
routine use of intraoperative venog-
raphy because 16% of their 62
patients had missed  venous vessels
after initial venous ligation.181 Similar
conclusions, based on a decreased
persistence rate, were also made by
Levitt, Zaontz, and Gill.182-184 However,
Palmer and Kass reported no difference
in their rate of varicocele persistence
after repair with and without intra-
operative venography.147,150,179 Based
on these studies, intraoperative
venography offers a marginal benefit
in prevention of persistent varicocele.

Based on our review of the litera-
ture and the results of a survey of
pediatric urologists in the United
States, high retroperitoneal ligation of
the testicular artery and veins offers
the best results in adolescents.

Although currently the high retroperi-
toneal approach is a treatment of
choice in adolescent varicocele, 
pediatric urologists should consider
using the microscopic inguinal or
subinguinal approach with arterial
preservation. 

The Future
What are future directions for urolo-
gists and scientists interested in
varicocele? Advanced molecular
biology techniques used for evalua-
tion of the infertile male have
increased our understanding of the
physiology of spermatogenesis. We
now realize that azoospermia and
severe oligoasthenospermia are rare
in pure varicocele. It is estimated that
14.7% of males with azoospermia
carry microdeletions of the long arm
of chromosome Y.185 Males with
varicocele and azoospermia or severe
oligoasthenospermia may actually
suffer from point mutation or deletion
of genes important in spermatogenesis.
It seems unlikely that those patients
as either adults or adolescents will
benefit from varicocelectomy. By
screening for aberrations of genes
involved in regulation of spermato-
genesis, we will be able to exclude
those with genetic abnormalities and
establish better criteria for manage-
ment of patients with varicocele. 

Conclusions
The adolescent with varicocele pres-
ents the clinician with an interesting
and challenging problem. There is a
great need for further basic research
to help better select patients who
need surgical correction of varicocele.
We have outlined recommendations
that can be used in everyday prac-
tice. Each clinician needs to make
his/her own decisions regarding
appropriate candidates, timing, and
methods for treatment of adolescents
with varicocele.                         
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