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Abstract | During adolescence, the risk of developing a varicocele increases. Prevalence is less than 1% in boys 
aged younger than 10 years, but approaches that of the general adult population (about 15%) during puberty. For 
adolescent males with varicoceles, surgical risk factors have not yet been clearly delineated and clinical severity 
correlates poorly with prognosis. Fortunately, the widespread use of Doppler ultrasonography is transforming 
the diagnostic work-up for this demographic. A continuous reflux detected by color Doppler ultrasound (CDUS) is 
thought to have a negative prognostic value and evidence suggests that a peak retrograde flow above 38 cm per 
second is a powerful predictor of lack of spontaneous improvement in adolescent patients with ≥20% asymmetry 
between testes. CDUS also enables the detection of varicocele resulting from reflux in the deferential vein 
adjunctive to a refluxing internal spermatic vein; a causality that accounts for approximately 15% of cases. 
In addition to a diagnostic role, hemodynamic parameters can be used to predict the risk of persistence or 
worsening asymmetry. Although further studies are necessary to validate single parameters, it seems that the 
more severe the reflux, the greater the likelihood that the patient will develop testicular asymmetry.

Cimador, M. et al. Nat. Rev. Urol. advance online publication 27 March 2012; doi:10.1038/nrurol.2012.41

Introduction 
A varicocele is a palpable dilation in the pampiniform 
plexus—a complex network of veins just above the tes­
ticle—secondary to the retrograde flow of blood to the 
testicle (Figure 1). Distally, these veins divide themselves 
into three major systems; the internal spermatic vein 
(ISV), the external spermatic vein, and the deferential 
vein (Figure 2). About 90% of varicoceles occur on the 
left side.1 The specific anatomy of the ISV on the left side 
results in a predisposition to valve insufficiency and the 
majority (about 75%) of varicocele are caused by a reflux 
in this vein. Coolsaet2 classified this variant of varicocele 
as type 1. Coolsaet type 2 varicoceles are caused by a 
reflux into the iliac venous system (either the cremas­
teric vein or the deferential vein) and Coolsaet type 3 
varicoceles are the result of a reflux in both the iliac and 
renospermatic venous systems.2

Our current knowledge regarding the vascular 
anatomy of varicocele is largely based on venographic 
studies. These studies have highlighted the rigidity of 
the Coolsaet classification system and shown that, in a 
proportion of cases, there might also be refluxing pelvic 
collaterals, which are not considered in the current 
system.2–4 Furthermore, venographic evidence has chal­
lenged the existence of cremasteric reflux.5 Although 
venography has provided us with important insights 
into the functional anatomy of varicocele, it is an inva­
sive investigation and its widespread use does not seem 
warranted in adolescent patients.

Color Doppler ultrasonography (CDUS) is a non­
invasive alternative to venography. It enables assessment 
of the functional anatomy subtending the varicocele6–8 
and provides a comprehensive evaluation of the three 
major venous networks draining the pampiniform 
plexus—the ISV, the cremasteric veins, and the defer­
ential veins—distinguishing refluxing collateral and 
differentiating refluxing veins from veins dilated due to 
overflow.9 In a recent study of 148 adolescent and pedi­
atric patients, CDUS identified reflux in the ISV alone 
in 126 patients (85.1%), reflux in both the ISV and the 
deferential vein in 21 patients (14.1%), and an isolated 
deferential reflux in one patient (0.6%).8 Consistent with 
previous study findings, none of the patients presented 
with a cremasteric reflux.5

Aside from a role for CDUS in evaluating the func­
tional anatomy of varicoceles and the surrounding 
venous networks, this imaging approach has several 
additional roles in the assessment and surgical treat­
ment of patients with varicocele. The main parameters 
that can be assessed using this tool are testicular volume, 
the diameters of the veins forming the varicocele, and 
the hemodynamic severity of the reflux. CDUS can 
also be used to detect subclinical varicoceles and assess 
patient suitability for surgical therapy.6 In this Review, 
we summarize the available evidence that specifically 
relates to clinical decision making when managing an 
adolescent patient with varicocele. Data in adults are 
also discussed so that treatment recommendations 
for these two groups of patients can be compared. We 
discuss the role of CDUS at various stages of clinical 
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management—including clinical grading, diagnostic 
evaluation, surgical therapy, and postoperative follow-
up—with a particular focus on the clinical importance 
of hemodynamic parameters obtained by preoperative 
and follow-up CDUS.

Clinical assessment
Testicular size and symmetry
Testicular growth arrest, ipsilateral to the varicocele, can 
be considered the hallmark of testicular damage in ado­
lescent varicocele.10 A strong correlation exists between 
reduced testicular size and abnormal semen parameters.11 
Semen analysis of 57 adolescent patients aged 14–20 years 
revealed that ≥10% testicular asymmetry was associated 
with a significantly reduced sperm concentration and 
total motile sperm count. Reductions in sperm motility 
were even more significant in patients with >20% asym­
metry. There is some discrepancy regarding the threshold 
values for testicular size that indicate clinically relevant 
asymmetry, but typical threshold values used are 10%, 
15%, and 20%, or a volume difference of 2–3 cm3.12–15

The two most commonly used methods for assessing 
testicular size and asymmetry are by comparison with an 
orchidometer and by ultrasonography. The orchidometer 
has the advantage of being quick and inexpensive, but 
lacks accuracy compared to ultrasonography. Overall, 
studies in adults have shown an impressive correla­
tion between measurements obtained using these two 
instruments in the hands of an experienced clinician,16 
but both approaches are prone to an increased risk of 
overestimating testicular size for patients with small tes­
ticles.17 This issue is particularly pertinent in the case of 
adolescent patients, for whom a significant proportional 
difference between testicular volumes may correspond 
to a difference of just a few millimeters in the diameter 
of each testicle. The use of low standardized threshold 
values, such as ≥10%, to define significant asymmetry 
causes further problems in this group of patients. Thus, 
it has been proposed that the clinical management of 
an adolescent with varicocele should include an annual 
assessment of the testicular volumes using ultrasono­
graphy.18 When interpreting CDUS results, it is worth 
noting that the formula ‘volume = 0.71 × length × width 
× height’ is more accurate for calculating the volume of 
the testicular ellipsoid than the previously used formula 
‘volume = 0.52 × length × width × height’.19

Key points

■■ For adolescent patients with varicocele, clinical severity correlates poorly with 
prognosis and is inadequate for selecting candidates for varicocelectomy

■■ Unlike in adults, the diameter of the dilated veins of the pampiniform plexus 
has poor diagnostic and prognostic value in adolescents

■■ A continuous reflux might have a negative prognostic value in adolescents with 
varicocele

■■ A peak of retrograde flow above 38 cm per second might be a powerful predictor 
of lack of spontaneous improvement in adolescent patients with varicocele and 
≥20% asymmetry between testes

■■ Doppler ultrasonography might enable the detection of cases in which 
varicocele is due to a reflux in the deferential vein in adjunct to a refluxing 
internal spermatic vein

Clinical grading
The clinical grading system most commonly used to 
assess varicocele severity was originally proposed by 
Dubin and Amelar1 and differentiates three grades of 
varicocele (Table 1); grade I (only detectable during a 
Valsalva maneuver), grade II (palpable), and grade III 
(visible). This grading system was later expanded by 
the WHO to include grade 0 or ‘subclinical’ varicocele, 
which is absent upon physical examination (both at rest 
and during the Valsalva maneuver) and can only be 
detected by thermography or CDUS.20

In adolescents, the relationship between clinical grade 
of varicocele and testicular asymmetry is unclear. In a 
study involving 124 boys aged 7–18 years, asymmetry 
was observed in 39% of patients with grade II varicocele 
and 56% of patients with grade III varicocele (P <0.01), 
indicating a potential correlation between grade and 
asymmetry.21 However, a mid-adolescence growth 
arrest, reported in approximately 25% of patients with 
testes of equal size at diagnosis, was shown to occur inde­
pendently of varicocele grade. Following on from these 
initial observations, increasing evidence now suggests 
that a correlation between varicocele size and testicular 
damage is questionable for this patient demographic. 
In a more recent study involving 168 patients aged 
8–21 years, no significant difference in testicular dis­
proportion (mean volume differential) was established 
between the three Dubin and Amelar varicocele grades 
(P = 0.10). Similarly, no significant correlation was iden­
tified between varicocele and volume differential when 
patients were categorized into three levels of volume 
differential (<10%, 10–20%, >20%; P = 0.48).22 Overall, 

Figure 1 | An example of a Dubin–Amelar grade 3 varicocele. 
The patient in question is a 13-year-old adolescent with 
evident dilatation of the upper scrotal veins.
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clinical severity has been shown to correlate poorly with 
prognosis in adolescents and clinical grading systems 
that are currently used to assess adults for surgical  
suitability are often inappropriate for younger patients.

Vein diameter
An important issue regarding the assessment of vein 
diameter is measurement standardization. Some clinical 
researchers recommend measuring vein diameter at the 
lower pole,23 but the most commonly used measurement 
is maximum vein diameter (MVD) of the pampiniform 
plexus, assessed during the Valsalva maneuver with the 
patient in the supine position.24,25 Multiple measure­
ments of the same vessel (typically ≥3) are recommended 
to ensure consistency.25

In adults, vein diameter has been shown to corre­
late with the presence of reflux in the vein, although 
proposed threshold values vary. A threshold value of 
3 mm has been suggested by one research group, on the 
basis that only 62.3% of patients with an MVD below 
this value had a venous reflux, compared to 94.4% of 
patients with an MVD above this value.25 Other research­
ers have proposed different threshold values based upon 
observations that, in a study of 156 testicles, all veins 
with an MVD of greater than 3.5 mm demonstrated 
reflux, whereas only one case of reflux was established 
in veins with an MVD of less than 2.5 mm, and 65% of 
veins with a MVD of 2.5–3.5 mm exhibited reflux.26 In 
another study of 270 adult men, varicocele diagnosis 
was dependent upon an MVD of at least 2.45 mm at 
rest (sensitivity = 84%; specificity = 81%) or 2.95 mm 
during the Valsalva maneuver (sensitivity = 84%; 
specificity = 84%).27 However, there is also evidence to 
suggest that reflux can occur in veins smaller than 2 mm  
in diameter.28

In addition to its diagnostic role, MVD also has a 
prognostic role in adults.29 Increased testicular venous 
size has been associated with an improvement in semen 
analysis parameters following varicocele repair.30 Median 
sperm count and motility improved by 210% and 53%, 
respectively, following varicocelectomy in men with 
an MVD of more than 3 mm. In another report, post­
varicocelectomy improvements in sperm concentration, 
motility, and morphology were all shown to be more pro­
nounced in patients with a testicular MVD of >2.5 mm 
than in patients with a MVD of <2.5 mm.23

In adolescents, the clinical utility of vein diameter 
measurement has not yet been fully established. For this 
reason, diagnoses based on vessel diameter alone are 
likely to be characterized by a high number of false posi­
tives and negatives 31 By comparison to adult anatomy, 
even relatively small varicoceles associated with veins 
with small diameters are easily palpable in the smaller 
scrotums of adolescents. In one study,24 the majority of 
adolescent patients with a palpable and visible varico­
cele had an MVD of less than 2.6 mm. Interestingly, the 
same research group also noted a positive correlation 
between increases in MVD and Tanner stage. A dilated 
vein does not, however, necessarily correspond to reflux 
and, overall, it appears that MVD has a very limited 

diagnostic value in children and adolescents. In terms of 
predicting prognosis in adolescent patients, a correlation 
between MDV and testicular damage is also question­
able.24 Although evidence suggests that MVD is not an 
accurate or reliable predictor of progression of testicular 
asymmetry,17 a significant linear negative relationship 
exists between MVD and sperm motility in patients aged 
17–19 years with left-sided varicocele.32

Hemodynamic assessment
The use of ultrasonography in varicocele assessment has 
been extensively accepted in clinical urological prac­
tice and the European Association of Urology (EAU) 
2011 guidelines included recommendations regarding 
the use of Doppler color flow mapping for diagnosing 
venous reflux and subclinical varicocele, and assessing 
testicular size in order to detect hypoplasia.33 The use of 
hemodynamic parameters, on the other hand, has not yet 
been corroborated by prospective randomized studies or 
introduced into guidelines for pediatric and adolescent 
patients. Nonetheless, in clinical practice, hemodynamic 
classification can help to better define varicocele and 
identify surgical candidates. In this context, the wide­
spread use of these parameters by an increasing number 

To reno-spermatic
venous network

To iliac
venous network

Central veins

Pampiniform plexus
anterior group

Vas
deferens

Pampiniform plexus
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Figure 2 | Deep venous circulation of the testes. The internal spermatic vein drains 
the anterior plexus. The posterior plexus is linked to the iliac vessels via the 
deferential and exterior spermatic (or cremasteric) veins.
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of physicians is likely to ensure their inclusion in  
future guidelines.

Hemodynamic assessment of the varicocele by CDUS 
should be performed using high frequency linear probes 
and devices able to evaluate blood flux. To obtain accu­
rate measurements of flux, CDUS must be calibrated 
to enhance slow flow. The patient is evaluated by per­
forming the Valsalva maneuver in the supine position. 
A prolonged retrograde venous flow of more than 2 s, 
usually evidenced by a venous rush during the Valsalva 
maneuver, suggests the presence of varicocele.

Coolsaet type determination
The ISV can be visualised by inserting the CDUS probe 
along the inguinal canal. The probe is then moved medi­
ally—ensuring that it remains along the longitudinal axis 
of the iliac vessels—and positioned just above the pubic 
tubercle. Upon locating the left iliac fossa, the deferen­
tial vein is identifiable as an arch over the external iliac 
vessels that runs from the internal inguinal orifice down 
the pelvis, joining the internal iliac vein to the vesical 
vein. The probe is in the correct position when the iliac 
artery flow is shown in red (the flow is moving towards 
the CDUS probe) and the iliac vein flow is shown in 
blue (the flow is moving away from the probe). The left 
external iliac artery is used as a landmark for the correct 
positioning of the probe (Figure 3).

In adolescent males without varicocele, the deferential 
vein is not visible on CDUS either at rest or during a 
Valsalva maneuver. When reflux is evident in the ISV 
(detected in the inguinal canal), but not in the deferen­
tial vein, this indicates a Coolsaet type 1 varicocele. The 
deferential vein only becomes visible when it is dilated 
and consequently refluxing. This is depicted by a change 
on the CDUS image from blue (normal venous flow) to 
red (refluxing flow). At rest, the deferential vein appears 
blue on the CDUS image and its trace depicts normal 
‘negative’ flow (Figure 4a). The trace is visible under the 
baseline and the flow is described as ‘negative’ because 
blood is moving away from the probe.

When induced by the Valsalva maneuver, the defer­
ential vein enters the refluxing phase and changes to 
red on the CDUS image (Figure 4b). The trace of its 
flow is inverted, such that is appears above the baseline, 
and the blood flow is described as ‘positive’ because it 
moves towards the probe. Upon cessation of the Valsalva 
maneuver, the deferential vein stops refluxing, its CDUS 
image color returns to blue, and its flow trace returns 
to below the baseline (Figure 4c–d). When the ISV and 

Table 1 | Varicocele grading systems

Grade 0 1 2 3 4 5

Clinical grades

Dubin 
and 
Amelar

– Visible or palpable 
during Valsalva 
maneuver

Palpable but not visible Easily palpable and 
visible

– –

WHO Detected only with 
thermography or 
ultrasound

Visible or palpable 
during Valsalva 
maneuver

Palpable but not visible Easily palpable and 
visible

– –

Hemodynamic grades

Hirsch – No spontaneous 
venous reflux but 
inducible reflux 
with Valsalva 
maneuver

Intermittent spontaneous 
venous reflux

Continuous 
spontaneous venous 
reflux

– –

Sarteschi – Detection of a 
prolonged reflux of 
vessels in the 
inguinal channel 
only during the 
Valsalva maneuver

Characterized by a small 
posterior varicosity that 
reaches the superior pole of 
the testis and whose diameter 
increases after the Valsalva 
maneuver. Venous reflux in the 
supratesticular region only 
during Valsalva maneuver

Clear reflux only during 
Valsalva maneuver at 
the inferior pole of the 
testis when the patient 
is evaluated in standing 
position (no reflux in 
supine position)

Characterized by enlarged 
veins, refluxing both in 
standing and supine 
positions. Enhanced by 
respiration movements 
and Valsalva maneuver. 
Hypotrophy of the testes 
is commonly found

Important 
basal venous 
reflux that 
does not 
increase after 
Valsalva 
maneuver

Figure 3 | The iliac artery is used as a landmark for correctly positioning the CDUS 
probe when exploring the iliac network. On the left-hand side, the artery appears in 
red as a result of blood flowing towards the probe. Small areas of blood flow 
turbulence near the arterial wall appear as blue. On the right-hand side, spectral 
analysis shows the peculiar trace of arterial blood flow with high velocity peaks during 
cardiac systoles and retrograde flow under the baseline during cardiac diastoles.
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deferential vein are both visible and refluxing, it can be 
concluded that there is an associated reflux (Coolsaet 
type 3 varicocele).

Hemodynamic grading systems
Hemodynamic grading systems have been developed for 
adult patients, based on the principle that the longer the 
duration of reflux, the more severe the varicocele. Reflux 
types can be grouped according to the Hirsch34 classifica­
tion, which distinguishes between spontaneous (inter­
mittent or continuous) and inducible (by the Valsalva 
maneuver) venous refluxes (Table 1). In a grading system 
originally proposed by Sarteschi35 and later confirmed 
by Liguori,31 varicocele can be further classified into five 
grades according to the features, location, duration, and 
inducibility of the reflux (Table 1; Figures 5–8).

In adults, an inverse correlation has been established 
between the hemodynamic grade of reflux and the like­
lihood of postoperative improvement in semen para­
meters.23 In particular, patients with grade 1 or 2 reflux 
(Figure 5) according to Sarteschi’s classification have 
been associated with significantly reduced improvement 
in sperm concentration (P = 0.013), motility (P = 0.015), 
and morphology (P = 0.45) compared to patients with 
grade 3–5 (Figures 6–8) reflux. An inducible (upon 
performing the Valsalva maneuver) reversal of venous 
flow was strongly associated with improvements in 
postoperative semen analysis parameters, including a 
200% increase in sperm count and a 55% increase in  
sperm motility.30

One study has focused specifically on the correlation 
between hemodynamic grade and pubertal development, 
testicular vein reflux, and semen quality in adolescent 
patients.36 All patients who developed hypotrophy and 
testicular asymmetry during follow-up in this study had 
spontaneous venous reflux on CDUS that was classified 
as high hemodynamic grade.

Peak retrograde flow measurements
Peak retrograde flow (PRF), which is the highest peak 
reached by the Doppler wave in centimeters per second, 
has been studied extensively in adults. A study involv­
ing 145 healthy adult men found that the average MVD 
and PRF values for the spermatic cord were 2.62 mm 

c

a

Deferential vein

Doppler
probe

Iliac artery

Normal deferential �ow

Doppler
probe

Deferential vein Inverted re�uxing �ow

Deferential vein

Doppler
probe

Normal venous �ow

d

b

Figure 4 | CDUS screen shots and spectral analysis to 
show the changes that occur to the deferential vein during 
reflux. a | Normal appearance of the deferential vein on 
CDUS. The vein is blue and the flow trace is under the 
baseline. b | The deferential vein in the refluxing phase, 
with the CDUS image changing from blue (normal venous 
flow) to red (refluxing flow). On the right-hand side, the 
Doppler trace clearly shows the inversion of venous flow 
(to above the baseline). c,d | The cessation of reflux in the 
deferential reflux. The refluxing deferential vein (shown in 
red) runs from the internal inguinal orifice down the pelvis 
and joins the internal iliac vein to the vesical veins. 
Spectral analysis shows the inverted flow above the 
baseline (c). The deferential vein stops refluxing upon 
return to rest; its color changes back to blue and the trace 
flow returns to below the baseline (d).

▶
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(±0.53 mm) and 9 cm (±7 cm) per second, respectively, 
compared with 2.33 mm (±0.56 mm) and 11 cm (±18 cm) 
per second, respectively, in the peritesticular veins. 
The authors concluded that a scrotal diameter of up to 
3.7 mm and a reflux lasting up to 3 s (with a velocity of 
1 cm per second) are also evident in healthy individuals 
and are not definitive signs of subclinical varicocele.37 
In a separate study of 154 men with left-sided varico­
cele, duplex Doppler ultrasonography revealed a linear 
relationship between PRF and MVD, and inverse correla­
tions between both of these measurements and sperm 
count, mobility, and instability. A PRF of more than 
40 cm per second was associated with abnormalities for 
all three semen parameters.38

In adolescent patients, a link between PRF and tes­
ticular damage has also been established. Kozakowski 
et al.24 observed a significantly higher mean PRF in ado­
lescent patients with progressive testicular asymmetry 
(38.4 cm per second) compared to patients without pro­
gressive asymmetry (30.4 cm per second; P <0.05). PRF 
was also identified as a significant factor (P <0.05) when 
comparing patients with new-onset asymmetry to those 
with decreased asymmetry. Importantly, none of the 
14 patients with >20% asymmetry and a PRF above 38 cm 
per second demonstrated an improvement in testicular 
asymmetry to less than 20% during follow-up, suggesting 
that patients presenting with both of these characteris­
tics should be considered for immediate surgery. Findings 
from this study also indicated that patients with a PRF of 
<30 cm per second should be monitored with an ultra­
sound and clinical examination annually or every other 
year. PRF values between 30 and 38 cm per second should 
alert the physician to the likelihood of persistent or new 
onset asymmetry. In a subsequent study, the same group 
confirmed these threshold values in a larger series of 115 
patients with longer follow-up.39 In this larger cohort, 95% 
of patients with ≥20% asymmetry and a PRF of ≥38 cm 
per second at initial presentation had persistent ≥20% 
asymmetry at follow-up. This observation occurred 
independently of all other variables (including the Tanner 
stage) reported at initial presentation.

Surgical therapy
Selecting surgical candidates
At present, only adolescent patients with a visible or pal­
pable dilatation of scrotal veins associated with scrotal 

pain or discomfort are likely to undergo surgery. As fer­
tility testing is not routine for patients within this age 
group, a persistent reduction in size (>20%) of the tes­
ticle ipsilateral to the varicocele is considered to be the 
main indication for surgery. Testicular ultrasound is the 
most accurate and reproducible method used to assess 
testicular volume and significant testicular size varia­
tions. However, a volume difference of less than 2 ml can 
result from the measurement technique alone. Thus, a 
size variation of more than 2 ml by ultrasound is cur­
rently the best indicator of testicular damage and should 
serve as the minimal requirement for surgical repair of 
the adolescent varicocele.15

As testicular disproportion might be a physiologi­
cal phenomenon that occurs during normal pubertal 
growth, a single measurement should not be considered 
a definitive indication for surgery.40–42 In one study, spon­
taneous catch-up growth was observed in 71% of patients 
with >15% initial asymmetry after a mean follow-up 
period of 3 years without surgery.41 In a separate study, 
spontaneous catch-up growth was noted in about 50% 
of patients with an initial volume differential of >20%.40 
Thus, if testicular size is used as the only indication for 
surgery, a period of observation after the first detection 
of asymmetry is required before recommending treat­
ment. One team of researchers have recommended that 
varicocelectomy be considered in adolescent patients 
only when ≥20% asymmetry has persisted for more than 
1 year.43

Guidelines suggest that adolescent patients with a 
varicocele but normal ipsilateral testicular size should 
be monitored with yearly measurements of either tes­
ticular size or semen analyses (or both).44,45 However, 
it is unknown whether this generic recommendation is 
adequate for all patients and guidance is lacking regard­
ing the recommended duration of follow-up. Criteria for 
better risk stratification are needed for these patients.

Fertility considerations
The prevalence of varicocele is approximately 40% in 
men being evaluated for infertility.46,47 Although the 
presence of varicocele is considered to be one of the 
main correctable causes of male infertility, only 60% of 
adult patients with a detectable varicocele and an abnor­
mal semen analysis will show improvement in semen 
parameters after varicocelectomy48 and only about 50% 

a bGrade 1 Grade 2

Figure 5 | CDUS image screen shots that show the hemodynamic appearance of Sarteschi grade 1 and Sarteschi grade 2 
reflux. a | The refluxing internal spermatic vein is detected along the inguinal canal. b | The CDUS evaluation clearly 
demonstrates the presence of a grade 2 venous reflux in the supratesticular region only during the Valsalva maneuver.
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of men will ultimately father a child.49,50 By contrast, one 
study assessing paternity in 43 young adults who have 
undergone adolescent varicocelectomy found that 100% 
of the 18 patients who attempted to father a child were 
successful. This suggests either that a varicocele is just 
one of the factors that contribute towards infertility, 
that varicoceles cause progressive testicular damage if 
left untreated, that repair in adulthood is ineffective for 
restoring normal testicular function, or that a combina­
tion of these factors is responsible. Detection of varico­
cele in the pubertal period might, therefore, improve the 
efficacy of intervention.51

The argument against offering treatment to all adoles­
cent patients on the basis of fertility alone is that only a 
proportion of patients will develop fertility problems later 
on in life.15 In addition, fertility testing is not routine in 
adolescents and no generally accepted standards exist to 
define normal semen parameters for patients in this age 
group.51 Although several indirect markers of testicular 
damage have been investigated—including inhibin B,52 
hyperresponse to gonadotropin-releasing hormone 
stimulation,53,54 cytokines,55 Fas and Fas-ligand proteins,56 
and reactive oxygen species antioxidants57—none reliably 
predict impaired testicular function in adolescents.53

Pain without hypotrophy
It is now accepted that the treatment of varicocele in chil­
dren and adolescents should be concomitant with the 
onset of ipsilateral testicular hypotrophy (or testicular 
growth arrest) and pain. However, the need to treat vari­
cocele in pediatric patients with painful varicocele but 
no evidence of hypotrophy is questionable. Testicular 
hypotrophy and semen quality are objective indicators 
of varicocele-related damage that can be easily measured 
using testicular diameter and volume (for hypotrophy) 
and the WHO criteria for normal semen analysis (for 
changes in semen quality). Pain, on the other hand, is 
still considered to be largely subjective, despite the use 
of validated questionnaires. Clinicians understand that 
it is not possible to assess pain with absolute certainty, 
especially in children, and this issue often affects the 
decision to treat, as well as patient randomization and 
data reproducibility in the context of trials.

Patients often perceive or interpret pain differently 
depending upon the situation they are in. Many patients 
with varicocele report acute pain after physical activi­
ties, such as cycling and playing football, and after long 
periods of standing (for example, after school). Some 
studies, although limited in number, have reported relief 
of pain after varicocelectomy. However, none of these 
studies have been able to explain exactly how varicoceles 
cause pain or why varicocelectomy should relieve it.58–62

A survey of pediatric and adolescent patients set out 
to assess the experience of surgery for painful varico­
cele.63 Patients could define their pain as either type 1 
(a continuous pain sometimes treated with analgesics) 
or type 2 (a sense of obstruction or discomfort). Scrotal 
pain was reported in 11% of boys who underwent varico­
celectomy, with 26 patients (68%) describing their 
pain as type 1 and 12 patients (32%) reporting type 2 

pain. 6 months after treatment, pain had resolved in 
22 patients (85%) with type 1 pain and in four patients 
(33.33%) with type 2 pain. The remaining four patients 
with type 1 pain reported less pain but a constant scrotal 
discomfort, whereas all of the remaining eight patients 
from the type 2 group experienced no change in level 
of pain. There was a statistically significant correla­
tion between preoperative pain and postoperative pain  
reduction (P <0.05).

At rest

Valsalva

Grade 3

Grade 3

Figure 6 | CDUS image screen shot showing the hemodynamic appearance of 
Sarteschi grade 3 reflux. On the left-hand side, CDUS demonstrates a clear reflux 
only during the Valsalva maneuver. On the right-hand side, spectral analysis of 
venous flow shows an increase in reflux during the Valsalva maneuver.

At rest

Valsalva

Grade 4

Grade 4

Figure 7 | CDUS screen shots and spectral analysis of Sarteschi grade 4 reflux. On 
the left-hand side, reflux is visible on CDUS both at rest and enhanced by the 
Valsalva maneuver. On the right-hand side, the same reflux is also visible with 
spectral analysis, which shows the prompt increase of refluxing flow during the 
Valsalva maneuver.
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Despite the fact that pain origin and cause are often 
difficult to establish, clinical evidence supports the sur­
gical treatment of varicocele to relieve pain. Different 
studies have shown that surgery proves successful, 
in terms of postoperative relief of pain, in 68–88% of 
patients.62,64–67 However, it is worth noting that the 
patient populations recruited for these studies were 
highly variable, with different median ages, age ranges, 
varicocele grades, and, above all, different categoriza­
tions of pain rating. Regardless, although pain does not 
seem to correlate with gonadal deficit, there is clinical 
evidence that relief of pain correlates with varicocele 
treatment in the majority of patients.63 For this reason, 
painful varicocele should be surgically treated until more 
certain information on the origin of the pain is available 
or further randomized studies involving pharmacologic 
treatment have been carried out to support the use of 
a conservative treatment approach in place of surgery.

Subclinical varicocele
The routine use of scrotal Doppler ultrasonography to 
assess varicocele has resulted in an increasingly frequent 
diagnosis of subclinical (WHO clinical grade 0) varico­
cele, which is neither clinically palpable nor visible. An 
important consideration in the treatment of a subclinical 
varicocele is the lack of a widely accepted radiologic defi­
nition for this condition. Although CDUS can measure 
the size of the pampiniform plexus and spermatic vein 
blood flow, its reliability and predictive value remains 
controversial as diagnostic criteria are poorly defined.68

An improved understanding of the significance of 
subclinical varicocele is essential. Cervellione et al.69 
reported a 28% rate of progression from subclinical to 

clinical varicocele, occurring with left-sided, but not 
bilateral, subclinical varicoceles. In a study at Children’s 
Hospital, Boston, it was noted that right-sided subclinical 
varicoceles did not progress to clinically apparent lesions, 
whereas left-sided subclinical varicoceles progressed 
in 27% of patients, justifying careful observation in  
these patients.70

At present, the limited available evidence indicates 
no benefit for treatment of subclinical varicocele. No 
improvement in pregnancy rates was established fol­
lowing the repair of left subclinical varicoceles in three 
randomized controlled trials,71–73 and subsequent 
studies have demonstrated that not all subclinical vari­
cocele repairs are associated with improved spermato­
genesis.74 However, more evidence is required to make 
conclusive recommendations regarding repair of  
subclinical varicocele.75

Surgical treatment options
Effective treatment of varicocele should involve inter­
ruption of all the refluxing vessels. The ideal treat­
ment would be effective for any type of varicocele, have 
minimal morbidity, preserve optimal testicular func­
tion, and be cost effective.76 Postoperative varicocele 
persistence rate represents the most practical objective 
outcome measure to compare the various techniques 
that are currently available, including microsurgical sub­
inguinal varicocelectomy, radiological embolization, and 
laparoscopic varicocelectomy.

In principle, open subinguinal microsurgical varico­
celectomy—which simultaneously exposes all three 
major venous systems forming the pampiniform 
plexus—should be the most flexible and effective 
approach. Additionally, use of the operating microscope 
and intraoperative Doppler ultrasonography should 
enable an artery-sparing and lymphatic-sparing varico­
celectomy. Varicocele persistence rates as low as 0% have 
been reported using this technique.77 However, a major 
drawback of this approach is the need for microsurgical 
skills and, in our own experience, persistence rates of 
about 3.2% are more realistic.78

Radiological treatment can be performed in either a 
retrograde or antegrade fashion. The former is associ­
ated with a 10–15% rate of technical failure in children, 
making it impractical for clinical use.79 One drawback 
of antegrade sclerotherapy is that it requires a combi­
nation of specialist surgical skills (to dissect a vein in 
the scrotum for cannulation) and specialist radiological 
equipment. Persistence rates range from 7% to 20%, pos­
sibly because this surgical approach only addresses reflux 
in the ISV.79–82

Laparoscopic and retroperitoneoscopic varico­
celectomy have also gained popularity in the last decade. 
Irrespective of the approach, a Palomo high ligature 
of the ISV is performed, which means that refluxes in 
associated districts are not addressed.16 In recent years, 
a laparoscopic approach has been preferred. This change 
in strategy over the last decade follows the introduction 
of CDUS into the preoperative work-up of patients with 
varicocele. Initially, a laparoscopic varicocelectomy 

Valsalva

At rest

Grade 5

Grade 5

Figure 8 | CDUS screen shots and spectral analysis of Sarteschi grade 5 reflux. 
Venous reflux is evident at rest in both standing and supine positions. On the left-
hand side, CDUS shows that persistent reflux is evident at rest and is not 
influenced by the Valsalva maneuver. On the right-hand side, spectral analysis 
shows the same.
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was only elected in patients for whom preoperative 
CDUS showed reflux in the ISV alone. For all other 
patients, a subinguinal approach was recommended.9 
Subsequently, a modified laparoscopic technique was 
developed that was also able to address reflux in the def­
erential vein shown by CDUS (Figure 9).6–8 Using this 
approach, surgeons have managed to progressively lower  
persistence rates.

Surgical approach can be selected on the basis of pre­
operative CDUS results. In a recent study of 98 adoles­
cent patients with varicoceles, CDUS showed reflux in 
the ISV only in 87 patients (88.7%) and a reflux in both 
the ISV and the deferential vein in the remaining 11 
patients (11.2%).6 A laparoscopic Palomo procedure was 
performed for all patients, but the 11 patients with reflux 
in the deferential vein also underwent coagulation and 
section of this vein. In two patients, the deferential vein 
was approached in the deep pelvis because of evident 
dilation of the vein. After a median follow-up period of 
18 months (6–49 month range), three patients (4.2%) 
developed postoperative hydrocele (all of which resolved 
spontaneously). None of the patients experienced varico­
cele recurrence, detected clinically or by CDUS scanning. 
No cases of testicular atrophy were observed. Median left 
testicular volume increased significantly after surgery 
(P = 0.025) in patients presenting with hypotrophy of 
the left testicle.6

Other studies have added to these findings. Nagar 
and Mabjeesh83 recommend high ligation in cases where 
CDUS demonstrates reverse flow on Valsalva maneuver 
and a low ligation if reverse flow is not demonstrable. 
This guidance is based on the assumption that the ISV 
is the principal drainage path for the scrotal vein when 
a reverse flow on Valsalva maneuver is observed. Using 
this approach, they reported a persistence rate of 3.8% 
after a follow-up of 18 months, which was significantly 
lower than previously observed rates (20.5%; P = 0.004).

Dudai et al.84 described a modified laparoscopic pro­
cedure that includes a systematic interruption of both 
the ISV and the inferior epigastric vessels. Although the 
principle is similar to other techniques, this approach 
differs in that it is systematic and, therefore, increases 
the risk of overtreatment. Furthermore, interruption of 
the inferior epigastric vessels addresses only a possible 
cremasteric reflux, which has a questionable role in the 
onset of varicocele.5,6

It should be noted that the effect of pelvic refluxing 
collateral veins on varicocele persistence remains con­
troversial. A large randomized controlled trial might 
address this issue, but its setup would be impractical 
for ethical reasons. Indirect evidence suggests that, in a 
few cases, varicocele persistence can be caused by pelvic 
refluxing collaterals.3,4,85 However, in a study of repeat 
varicocelectomies, Glassberg et al.86 noted that distal 
collaterals did not generally cause recurrences and these 
veins were left intact in all but one patient. Consistent 
with these findings, promising results have been reported 
for the use of antegrade sclerotherapy in reinterventional 
varicocelecetomies, despite the fact that these techniques 
address only a reflux in the ISV.81

Postoperative follow-up
The major outcome measure used to assess the success of 
varicocelectomy is testicular volume. Surgical intervention 
reverses testicular growth arrest, and postoperative assess­
ment of testicular volume predicts resolution of the varico­
cele.87,88 Postoperative catch-up growth is reported to 
occur in 60–80% of patients undergoing varicocelectomy,  
irrespective of age or Tanner stage at surgery.89–91

Studies of CDUS use in the postoperative follow-up 
of patients undergoing varicocelectomy are extremely 
sparse. Sun et al.92 investigated postoperative CDUS use, 
but with the main purpose of showing that testicular 
blood supply is preserved after ligation of the spermatic 

a

c d

e f

b

g h

Figure 9 | Laparoscopic approach to varicocele repair in the deferential vein.  
a,b | The dilated deferential vein is easily detectable from the laparoscopic view. 
c,d | The deferential vein is visible at a considerable distance from the vas 
deferens. e–h | Division of the deferential vein after clipping.
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artery. Glassberg et al.86 identified high PRF as a poten­
tial indication for repeat varicocelectomy in patients with 
preserved testicular asymmetry, but did not provide sub­
stantive evidence to support this theory. As no data are 
currently available on the use of CDUS for the detection 
of persistent subclinical varicocele, it seems unwarranted 
to consider repeat procedures based upon this indication.

Conclusions
According to the best available evidence, persistent 
reduced testicular volume should be considered the main 
indication for varicocelectomy in adolescent patients. 
Clinical grading is important to stratify patients, but 
it correlates poorly with the risk of developing testicu­
lar asymmetry. Hemodynamic parameters have shown 
promise in identifying patients at risk of having persis­
tent or worsening asymmetry on follow-up. Although 
further studies are necessary to validate single para­
meters, it is apparent that the more severe the reflux, 
the higher the likelihood that the patient will develop 

testicular asymmetry during follow-up. A continuous 
retrograde flow or a PRF above 38 cm per second indi­
cate the presence of severe varicocele. According to one 
study, patients with more than 20% asymmetry and a 
PRF above 38 cm per second should undergo immediate 
surgical repair. For surgical candidates, Doppler ultra­
sonography might help in the selection of the most effec­
tive surgical approach. In particular, it could enable the 
identification of a reflux in the deferential vein associ­
ated with reflux in the ISV, which could cause varicocele  
persistence if left untreated.
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