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Abstract
Introduction: The differentiation of unilateral versus bi-
lateral varicoceles and testicular volume measurements
are important in determining the need for adolescent
varicocele surgery and also in following patients after
varicocelectomy. The aim of this study was to prospec-
tively compare the findings of physical examination and
color Doppler ultrasonography in the diagnosis of pe-
diatric varicoceles and to compare the findings using the
Prader orchidometer and scrotal ultrasonography in the
measurement of testicular volumes. Patients and Meth-

ods: This study included 68 boys with varicoceles, rang-
ing in age from 8 to 19 years. Varicoceles were diag-
nosed using both physical examination and scrotal color
Doppler ultrasonography. The testicular volumes of 136
testicles were measured using the Prader orchidometer

and scrotal ultrasonography. A difference of more than
10% or 2 ml in each testicular volume was considered
significant. Results: The mean age of the boys was 13.5
B 2.3 years. On physical examination, a left unilateral
varicocele was diagnosed in 46 boys (67.6%). The other
22 boys (32.4%) had bilateral varicoceles. Color Doppler
ultrasonography detected bilateral varicoceles in 4 of the
46 boys (8.7%) who were diagnosed by physical exami-
nation as having only left unilateral varicoceles (grade 3
in 3 patients and grade 2 in 1 patient). A different of more
than 10% or 2 ml in testicular volume using the Prader
orchidometer versus scrotal ultrasonography was de-
tected in 3 out of 136 testicles (2.2%). The correlation
between ultrasonography and Prader orchidometer re-
sults in the measurement of testicular volumes was sta-
tistically highly significantly consistent using the intra-
class correlation test (r = 0.997 and p ! 0.001 for the left
testis; r = 0.998 and p ! 0.001 for the right testis). Conclu-

sions: Although the management of subclinical varico-
celes remains controversial, these data show that color
Doppler ultrasonography may be necessary in the diag-
nosis of bilateral varicoceles, especially in boys with
high-grade left varicoceles. In contrast, scrotal ultraso-
nography, if considered the gold standard, did not show
superiority over the Prader orchidometer in measuring
testicular volumes.
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Introduction

Although a varicocele is rarely seen in children, the
prevalence is 7.8% at the age of 11–14 years and 14.1% at
the age of 15–19 years [1]. Many investigators recom-
mend that varicoceles should be treated early in adoles-
cents, possibly because of the still developing testis [2–6].
A smaller testis volume on the affected side is observed in
adolescents with a varicocele. This has been reported to
occur in up to 50–75% of the teenagers with varicoceles
[7–10]. It has also been reported that subfertile men with
varicoceles had significantly smaller testes on the in-
volved side than subfertile patients without varicoceles
[11]. Our previous study [1] showed that varicocele-relat-
ed testicular atrophy was seen in 7.3% of the children
aged 11–14 years and in 9.3% of those aged 15–19 years,
while this was not found in children under 11 years of age.
These findings support that a varicocele is a progressive
disease and that the incidence of varicocele and testicular
atrophy increases with puberty. Therefore, the finding of
unilateral versus bilateral varicoceles and testicular vol-
ume measurements are important in determining the
need for adolescent varicocele surgery and also in follow-
ing patients after varicocelectomy.

The aim of this prospective study was to compare the
findings of physical examination and scrotal color Dopp-
ler ultrasonography (SCDU) in the diagnosis of pediatric
varicoceles and to compare the orchidometer and SCDU
results with respect to the testicular volumes.

Patients and Methods

This study included 68 boys with varicoceles, ranging in age from
8 to 19 years. Varicoceles were diagnosed using both physical exami-
nation and SCDU. All patients were examined in a warm room in the
supine and upright positions with and without the Valsalva maneu-
ver. Physical examination for varicoceles was performed according
to an established grading system [12]. Varicoceles were classified as
grade 1 (palpaple only during the Valsalva maneuver), grade 2 (pal-
pable without the Valsalva maneuver), or grade 3 (visible without the
need for palpation). The volumes of 136 testicles of 68 patients were
measured using an ellipsoid Prader orchidometer (Accurate Surgical
and Scientific Instruments, Westbury, N.Y., USA) [13]. If the testicu-
lar size discrepancy between the measurements with ultrasonography
and Prader orchidometer was more than 2 ml or more than 10%, it
was considered significant. Each boy was examined by two special-
ists, and the findings were confirmed.

Real-time SCDU was used to confirm the presence of a varico-
cele, to demonstrate a subclinical varicocele on either side, as well as
to measure testicular volumes. Briefly, SCDU was performed by a
single radiologist in all subjects using a model Sonoline Versa Plus
apparatus with a 5-MHz transducer (Siemens, Munich, Germany),

and a varicocele was considered to be present, if two or more veins
could be identified, with at least 1 vein having a diameter of 2.0 mm
or greater [14, 15]. A varicocele was also considered to be present by
SCDU, if retrograde flow for at least 2 s was identified within the
pampiniform plexus, spontaneously and/or during the Valsalva ma-
neuver [15]. When a varicocele was detected by SCDU, the largest
internal spermatic vein size was recorded. The testicular volume on
ultrasonography was calculated by the formula: volume = length !
width ! anteroposterior diameter ! 0.53 [16, 17].

Other scrotal pathologies were excluded after performing a detailed
history, physical examination, and further diagnostic modalities.

Statistical analysis was performed using the intraclass correlation
test to compare testicular volumes measured by ultrasonography and
by Prader orchidometer [18]. p ! 0.05 was considered to be statisti-
cally significant. The values are presented as mean B SD.

Results

The mean age of the boys was 13.5 B 2.3 years. On
physical examiation, a left unilateral varicocele was diag-
nosed in 46 of the boys (67.6%). Of these, 9 (19.6%) had a
grade 1 varicocele, 24 (52.1%) had a grade 2 varicocele,
and 13 (28.3%) had a grade 3 varicocele. The other 22
boys (32.4%) had bilateral varicoceles. Of these, 10
(45.5%) were grade 2, and 12 (54.5%) were grade 3 on the
left side; 13 (59%) were grade 1, 5 (22.8%) were grade 2,
and 4 (18.2%) were grade 3 on the right side. On SCDU,
all subjects had reflux into the internal spermatic vein.
The mean diameter of the largest internal spermatic vein,
detected by SCDU, was 3.21 B 1.29 (range 2.1–8) mm on
the left side and 2.41 B 0.47 (range 2–3.5) mm on the
right side in the patients with bilateral varicoceles and
2.76 B 1.07 (range 2.1–8) mm on the left side and 1.64 B
0.48 (range 1.1–2) mm on the right side in those with a left
unilateral varicocele.

All left varicoceles detected by physical examination
were confirmed by SCDU. In addition, SCDU detected
bilateral varicoceles in 4 of the 46 boys (8.7%) who were
diagnosed by physical examination as having only left
unilateral varicoceles (grade 3 in 3 patients and grade 2 in
1 patient).

A difference of more than 10% or 2 ml in testicular
volume using the Prader orchidometer versus scrotal
ultrasonography was detected in 3 out of 136 testicles
(2.2%). As shown in figure 1, the testicular volumes mea-
sured by SCDU and Prader orchidometry were statistical-
ly highly significantly consistent using the intraclass corre-
lation test (r = 0.997 and p ! 0.001 for the left testis; r =
0.998 and p ! 0.001 for the right testis). This correlation
remained consistent, regardless of the ages or testicular
volumes on both sides of the subjects.
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Discussion

While the prevalence of varicoceles is 0–1% in the pre-
pubertal period and 2–20.5% in adolescence [1, 8, 19], it
has been shown that the prevalence is 11.7% in the gener-
al male population and 25.4% in infertile men [20, 21]. In
our previous study [1], the prevalence increased signifi-
cantly after the age of 13 years. According to the grading
system used, varicoceles are grade 1 in the majority of
adolescents, while grade 2 or 3 was found in 35% of them
[7].

Varicoceles are seen more commonly on the left side
than on the right. The incidence of bilateral varicoceles is
0–1% in healthy young men, but this proportion is rang-
ing between 15 and 20% in infertile men [22]. In the
present study, there were 22 boys (32.4%) with bilateral
palpable varicoceles; this incidence was much higher than
that reported in the literature [1, 23]. However, this was
the actual finding in this unselected group. In the litera-
ture, the incidence of bilateral varicoceles in the pediatric
and in the adolescent population has not been reported as
yet. Many papers only mention the treatment of left vari-
coceles or do not mention the percentage of side localiza-
tion. Today, using venography and SCDU more frequent-
ly and with the definition of subclinical varicoceles in the
adult population, this proportion has reached ^50% [24,
25]. In the present study, SCDU detected bilateral varico-
celes in 8.7% of the boys who had only left varicoceles on
physical examination. These boys had high-grade left var-
icoceles on physical examination. Although studies have
addressed the success of subclinical varicocele ligation in
infertile men, no consensus has been reached on the need
to diagnose or treat these lesions [26]. If boys with high-
grade palpable left varicoceles have abnormal semen pa-
rameters, SCDU may be necessary in diagnosing bilateral
varicoceles to consider bilateral varicocele repair.

The general consensus is that patients with testicular
volume loss, a large palpable varicocele, or with symp-
toms should be treated, but whether otherwise healthy
children should undergo surgery when the outcome is not
certain is still a very important question.

Lipshultz and Corriere [11] first reported testicular
atrophy secondary to varicoceles. These authors showed
that the frequency increased with age and that it stopped
with early treatment. Later, Lyon et al. [8] reported pro-
gressive testicular volume loss in 10% of the adolescents
with varicoceles and in 20% of the adult patients. In our
previous study [1], at less than 10 years of age, no testicu-
lar atrophy secondary to a varicocele was detected, while
the incidence was 7.2% at the ages 11–14 years and 9.3%

Fig. 1. Testicular volume measurements using SCDU and the Prader
orchidometer. Note that the correlation was statistically highly signif-
icantly consistent using the intraclass correlation test (r = 0.997 and
p ! 0.001 for the left testes; r = 0.998 and p ! 0.001 for the right
testes).

at the ages 15–19 years. All these findings support the con-
cept that the frequency of testicular atrophy increases
with age.

Following varicocelectomy, a testicular volume in-
crease has been reported in adolescents who have a testic-
ular volume difference or atrophy [5, 6]. Therefore, in
addition to semen analysis and determination of serum
reproductive hormones, testicular volume measurement
is important to assess the clinical significance of a varico-
cele and the need for varicocele surgery. Testicular vol-
umes have traditionally been clinically determined using
orchidometers [13, 27]. More recently, scrotal ultrasonog-
raphy has been used in testicular measurement [28–30].
In the literature, there are some discrepancies between
orchidometer and ultrasonography results reported with
regard to testicular volumes. Rivkees et al. [28] concluded
that the measurement of the testicular volume was not
accurate and reproducible. Diamond et al. [29] reported a
strong linear relationship between volume measurements
using orchidometer and ultrasonography. To detect a
defined volume differential as determined by ultrasonog-
raphy, the orchidometer sensitivity was weak, whereas its
specificity was better. In their study, there was also a
strong correlation with regard to the orchidometer results
between urology nurse and attending urologist. However,
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these authors concluded that although the orchidometer
remains valuable in assessing the size of the individual
testis, it was too insensitive to volume differentials rela-
tive to ultrasound to be used routinely to determine
growth impairment. Chipkevitch et al. [30] reported a
comparison between the Prader and Rochester orchidom-
eters and ultrasonography to measure testicular volumes.
Using ultrasonography as the gold standard, they found
each orchidometer to be equally reliable. Sayfan et al. [4]
suggested that a 20–25% volume differential is significant
in children with a varicocele. In the present study, a dif-
ference of more than 10% or 2 ml in testicular volume
using the Prader orchidometer versus scrotal ultrasonog-
raphy was detected in 3 out of 136 testicles (2.2%). The

testicular volumes measured using ultrasonography and
Prader orchidometry were statistically highly significantly
consistent. This correlation remained consistent regard-
less of the ages or testicular volumes on both sides of the
subjects.

Although the management of subclinical varicoceles
remains controversial, these data show that SCDU may
be necessary in the diagnosis of bilateral varicoceles, espe-
cially in boys with high-grade left-sided varicoceles. This
information may also be helpful in counseling patients
and their families who consider varicocele treatment. In
contrast, SCDU, if considered the gold standard, did not
show superiority over the Prader orchidometer in measur-
ing testicular volumes.
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