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Effects of percutaneous varicocele repair on
testicular volume: results from a 12-month
follow-up
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Varicocele is a common finding in men. Varicocele correction has been advocated for young patients with testicular hypotrophy, but
there is a lack of morphofunctional follow-up data. We assessed whether percutaneous treatment of left varicocele is associated
with testicular “catch-up growth” in the following 12 months by retrospectively reviewing data from an electronic database of
10 656 patients followed up in our clinic between 2006 and 2016. We selected all young adults (<35 years) with left varicocele
who underwent percutaneous treatment, had a minimum of 12 months’ ultrasound imaging follow-up, and had no other conditions
affecting testicular volume. One hundred and fourteen men (meanzstandard deviation [s.d.] of age: 22.8 + 5.4 years) met the
inclusion and exclusion criteria. Left testicular hypotrophy (LTH), defined as a 220% difference between left and right testicular
volume at baseline, was observed in 26 (22.8%) men. Participants with LTH (meanzs.d.: 14.5 = 2.7 ml) had lower baseline
testicular volume compared to those without LTH (meanz+s.d.: 15.7 + 3.8 ml; P= 0.032). Repeated measures mixed models showed
a significant interaction between LTH and time posttreatment when correcting for baseline left testicular volume (= 0.114, 95%
confidence interval [Cl]: 0.018-0.210, P = 0.020), resulting in a catch-up growth of up to 1.37 ml per year (95% Cl: 0.221-
2.516). Age at intervention was also associated with reduced testicular volume (-0.072 ml per year, 95% Cl: -0.135--0.009; P=
0.024). Percutaneous treatment of left varicocele in young adults with LTH can result in catch-up growth over 1 year of follow-up.
The reproductive and psychological implications of these findings need to be confirmed in longer and larger prospective studies.
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INTRODUCTION

of testicular volume is made up of germ cells within seminiferous

Varicocele, the excessive dilatation of the pampiniform venous plexus
of the spermatic cord,' is a common finding in adolescent males. Its
prevalence is debated, as estimates from different populations yield
different results;> however, it is usually reported that varicocele may
occur in up to 15% of all males between 15 and 19 years old, with a
much lower prevalence before puberty.® Testicular damage resulting
from varicocele has been variably associated with reduced testicular
volume, impaired spermatogenesis, and increased sperm DNA
damage,** although the mechanisms involved are still not completely
understood.® It is therefore unsurprising that it is listed as one of the
most frequent causes of male infertility and that its prevalence is
much higher in infertile men, at 30%-40% in primary and 80%-85%
in secondary infertility.”$

Existing guidelines propose different approaches on when and
how to treat varicocele.” Reduced ipsilateral testicular size is one of
the indications for treatment, above all in adolescents. As 80%-90%

tubules, an asymmetrical reduction in testicular volume is universally
accepted as a sign of testicular damage. Improvements in testicular
volume,'® sperm parameters,'" and DNA fragmentation'> have been
variably reported following surgical treatment of varicocele; however,
to our knowledge, no study has yet described the long-term effects of
percutaneous varicocele embolization on testicular volume. As this
treatment is regularly used in clinical practice,® we retrospectively
assessed its effects on testicular volume catch-up during a 12-month
follow-up in a single-center protocol-driven study.

PATIENTS AND METHODS

Patients

We retrospectively assessed data in an electronic database of all
patients followed up for varicocele in our clinic (Section of Medical
Pathophysiology, Food Science and Endocrinology, Department
of Experimental Medicine, Rome, Italy) between 2006 and 2016
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(Supplementary Figure 1). Analysis was limited to young adults
(age <35 years, Supplementary Figure 2) as we considered that
a change in testicular volume following treatment is less likely in
patients with long-standing varicocele. An increase in testicular
size is more commonly observed in young patients, although it has
also been reported in adults undergoing surgical varicocele repair.”
Patients with right or bilateral varicocele, or with any diseases
known to influence testicular volume (orchitis, testicular neoplasms,
cryptorchidism, hypogonadism, genetic disorders, and testicular
torsion), were excluded from the analysis. We also excluded patients,
who refused treatment, as well as those who were considered
ineligible for treatment or those whose spermatic veins could not be
accessed during the procedure, from further analysis. This study was
approved by the Ethical Committee of Sapienza — University of Rome
(Rome, Italy). Overall, 114 patients met the inclusion and follow-up
criteria (Supplementary Figure 1); all patients received and signed
informed consent. These patients were followed for up to 12 months:
36 patients completed all visits (3, 6, and 12 months), while 40 and
38 patients skipped one or two intermediate follow-up visits (Table 1).
The recruitment strategy took advantage of the “Amico Andrologo”
permanent nationwide surveillance program of male students in
their final grade of high school conducted by the Italian Society of
Andrology and Sexual Medicine (STAMS) and supported by the Italian
Ministry of Health.

Protocol

Since the year 2004, all patients admitted to our unit for varicocele
treatment have followed a fixed internal protocol. At the time of
admission and at all follow-up visits (3, 6, and 12 months), patients
undergo collection of medical history, physical examination, color
Doppler ultrasound (US) to assess testicular volume and grade of
varicocele, and blood sampling for hormone evaluation. During the
first visit, after sample collection, the patients undergo percutaneous
treatment of their varicocele, as described below. All US examinations
are performed using a Philips IU22 unit (Philips, Bothell, WA, USA)
with a 7-15 MHz wideband linear transducer. Standardized protocols
with axial and transverse examinations of the testes are routinely
performed.™ Testicular volume (in ml) is calculated using an ellipsoid
formula as follows: length (L) x width (W) x height (H) x 0.52. Rather
than using a clinical classification for varicocele, a US-based staging
system'® is used in order to provide the most important information for
clinicians while at the same time reducing the risk of skewness toward
a higher or lower grade (Supplementary Table 1).

Percutaneous treatment of varicocele

All procedures were performed in an outpatient setting using a 4-Fr
introducer sheath (Terumo, Tokyo, Japan) positioned in a right
brachial vein. Catheterization of the left spermatic vein was performed
using a standard 180-cm long, 0.035-inch angled glide-wire (Terumo)
with a different 4-Fr angiographic catheter (Simmons 1, Cobra 2,
vertebral) selected as indicated by the patient’s individual anatomy.
The aim of the catheterization procedure was to position the distal
tip of the catheter within the internal inguinal ring. Angiography was
then performed to exclude the presence of collaterals or shunting
(e.g., with the ipsilateral iliac vein). Manual compression was applied
to the distal inguinal channel prior to embolization to prevent distal
nontarget embolization. Once the target vein was completely filled
with pure contrast agent, the embolization was performed by gently
withdrawing the catheter while injecting a mousse of two vials of
1% Lauromacrogol 400 (Kreussler & Co. Chemische Fabrik GmBH,
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Wiesbaden, DE, USA). Manual compression was then performed to
seal the brachial access.

Statistical analyses

The statistical analysis was performed by R software (version 3.4.2; R
Core Team, Vienna, Austria). Numerical variables were summarized as
the median (interquartile range [IQR]) and mean (standard deviation
[s.d.]) as appropriate. Normal distribution of data was assessed via the
Shapiro-Wilk test of normality. The left varicocele grade was expressed
as absolute and percent frequency of distribution. Random intercept
models were assessed with the linear and nonlinear mixed effects
models (nlme) package (R package version 3.1-137; https://CRAN.R-
project.org/package=nlme) to assess changes in left testicular volume
during follow-up. Significance was set at P < 0.05.

RESULTS

Baseline characteristics

The baseline characteristics of the caseload are presented in Table 1.
As reported above, 26 patients (22.8%) had left testicular hypotrophy
(LTH); there was no difference in the mean age between the LTH and
no-LTH groups (total: 22.8 [s.d.: 5.4] years; LTH: 22.9 [s.d.: 4.8] years,
and no-LTH: 22.8 [s.d.: 5.6] years, P = 0.953). Grade 3 varicocele was
the most prevalent in our study population (55 patients, 48.2%), while
similar numbers of patients had Grade 2 (27 patients, 23.7%) and Grade
4 (32 patients, 28.1%) varicocele. Left testicular volumes at the baseline
and during follow-up are shown in Table 2.

Assessment of treatment effects on testicular volume

Linear mixed effect (random intercept) models were used to assess the
effects of percutaneous treatment of left varicocele on left testicular
volume. The response variable (i.e., left testicular volume) was normally
distributed, as assessed by Shapiro-Wilk test of normality. The first
variables were used as covariates in the first model: grade of varicocele,
age at treatment, and duration of follow-up. We also included the
presence of LTH in order to evaluate different growth rates between
the two groups. Based on current literature,”*""” LTH was defined on as
a baseline difference >20% between left and right testicular volumes.
The results are shown in Table 3.

Table 1: Demographics of the study population

Characteristics Total (n=114) No-LTH (n=88) LTH (n=26)
Age (year)
Median (IQR) 20.5(19-27.5) 20.5(19-28) 20.5(20-25.2)
Mean (s.d.) 22.8(5.4) 22.8 (5.6) 22.9 (4.8)
Grade of left varicocele, n (%)
Grade 2 27 (23.7) 20 (22.7) 7 (26.9)
Grade 3 55 (48.2) 42 (47.7) 13 (50.0)
Grade 4 32(28.1) 26 (29.6) 6(23.1)

LTH: left testicular hypotrophy, defined as a difference between left and right testicular
volume >20%; |QR: interquartile range; s.d.: standard deviation

Table 2: Left testicular volume as assessed by testicular ultrasound at
baseline and during follow-up

Follow-up Total No-LTH LTH

Baseline (ml, n=114), mean (s.d.) 15.4 (3.6) 15.7 (3.8) 14.5(2.7)
3 months (ml, n=91), mean (s.d.) 15.9 (3.2) 16.2 (3.4) 14.9 (2.3)
6 months (ml, n=82), mean (s.d.) 16.9 (3.8) 17.2 (3.8) 15.0 (2.6)
12 months (ml, n=69), mean (s.d.) 16.6 (3.0) 16.5(3.1) 16.9 (3.0)

LTH: left testicular hypotrophy, defined as a difference between left and right testicular
volume >20%; s.d.: standard deviation
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There was a statistically significant difference in mean baseline
left testicular volume, which was smaller in the LTH group compared
to that in the no-LTH group (14.5 [s.d.: 2.7] ml vs 15.7 [s.d.: 3.8] ml,
P = 0.032). No significant increase was observed in left testicular
volume after treatment (P = 0.448). The grade of varicocele and age at
intervention also had nonsignificant effects on testicular volume (P =
0.180 and P = 0.506, respectively). However, the interaction analysis
showed that testicular volume increased significantly more in LTH
(+0.107 ml per month, P = 0.035) than in no-LTH patients.

To exclude potential bias, the model was adjusted for the baseline
left testicular volume. The results of the second model are reported in
Table 4. This model confirmed that during follow-up, testicular volume
increased at a significantly higher rate in patients with LTH (+0.114
ml per month, P = 0.020) than in those without LTH, independently
of baseline testicular volume. Furthermore, a significant negative
effect of age was observed in the expanded model (-0.072 ml per
year, P = 0.024). No significant effects were observed for grade of
varicocele: when stratifying, nonsignificant effects were confirmed for
more severe degrees of varicocele (Grade 3, P = 0.604 and Grade 4,
P =0.955). At the end of follow-up, as described in Table 2, the mean
left testicular volume in the LTH group was similar to that observed
in the no-LTH group (LTH: 16.9 [s.d.: 3.0] ml, no-LTH: 16.5 [s.d.: 3.1]
ml, P = 0.565; Figure 1) and in fact had significantly increased since
the baseline (baseline: 14.5 [s.d.: 2.7] ml, at 12 months: 16.9 [s.d.: 3.0]
ml, P = 0.023; Figure 2).

Complications, failure rate, and radiation exposure
No significant complications were reported in our population following
the varicocele repair. While occasional testicular pain and transitory
edema were reported, these data are not mentioned in the US report
and probably have no bearing on the study outcome.

When technical problems occurred during the procedure, members
of the Vascular and Interventional Radiology Unit usually re-scheduled
the intervention for a later date. In these cases, we considered the date
of the first complete embolization as the baseline for our study. If the
Radiology Unit had reasons for doubting the efficacy of re-scheduling
intervention, the patient was either transferred to Urology Unit

LTH < 20%

LTH =220%

20

Left testicular volume (ml)

3 6 9 12 3 6 9 12
Duration of follow-up (month)

Figure 1: Changes in left testicular volume following percutaneous treatment
of left varicocele. Each line represents a single patient; the red line describes
the mean. LTH: left testicular hypotrophy.

Asian Journal of Andrology @

for surgical treatment or, for more severe cases, closely monitored
for clinical outcomes. These patients are listed in the flowchart as
“Treatment not suggested”, Recurrence of varicocele was found in 151
of the 838 men who underwent treatment. These patients are listed in
the flowchart as “Treatment failed” (Supplementary Figure 1).

Radiation exposure was not measured directly. However, the mean
duration of exposure to radiation was minimized to the extent possible
(mean: 6.2 min, range: 3-9 min) in order to reduce the risk for the
patients undergoing the procedure.

DISCUSSION
The present study is the first to provide a quantitative analysis of
catch-up growth in testicular volume after percutaneous varicocele

Table 3: Random intercept model for testicular volume increase

Parameter g P

Intercept 11.657 <0.001
Age (per 1 year) 0.039 0.506
Grade of left varicocele 1.210 0.180
LTH (yes) -1.388 0.088
Post-treatment time (per 1 month) -0.018 0.448
LTH (yes): post-treatment time (per 1 month) 0.107 0.035"

‘P < 0.05. LTH: left testicular hypotrophy, defined as a difference between left and right
testicular volume >20%; P: regression coefficient

Table 4: Expanded random intercept model for testicular volume increase

Parameter B P
Intercept 5.908 <0.001
Baseline left testicular volume (per 1 ml) 0.784 <0.001"
Age (per 1 year) -0.072 0.024"
Grade of left varicocele

Grade 2 Reference

Grade 3 -0.216 0.604

Grade 4 0.027 0.955
LTH (yes) -0.426 0.409
Post-treatment time (per 1 month) -0.020 0.395
LTH (yes): post-treatment time (per 1 month) 0.114 0.020"

‘P < 0.05. LTH: left testicular hypotrophy, defined as a difference between left and right
testicular volume >20%; PB: regression coefficient

P=0.0023
25

20

Left testicular volume (ml)

0 3 6 12
Duration of follow-up (month)

Figure 2: Graphical representation of changes in left testicular volume following
percutaneous treatment of left varicocele in patients with left testicular
hypotrophy. Boxplots describe the median and interquartile range; the red
dot is the mean. Wilcoxon rank-sum test was used to assess the statistical
difference between the means.



embolization in a large homogeneous cohort of young adults followed
up constantly for 1 year after treatment.

Whether and when to treat varicocele is a recurring dilemma
for physicians due to inconsistencies in the scientific literature, with
guidelines from different scientific societies suggesting different
approaches to and indications for treatment.’ The risk of overtreatment
should not be underestimated.'® Furthermore, improvements in sperm
parameters following treatment often reach statistical significance, but
have little clinical relevance; sperm quality fluctuates with time and,
except for those seeking immediate conception, an objective clinical
result of the treatment is lacking. A surrogate marker of improved
testicular function is therefore needed. As reduced testicular volume is
universally accepted as an indication for treatment, we considered left
testicular volume as one of the most reliable and objective parameters
to be affected by left varicocele, consistently with the most recent
literature.'

Our study suggests that patients with a difference of at least
20% between left and right testicular volume are more likely to
benefit from treatment of left varicocele, with a monthly increase
of 0.114 ml (95% CI: 0.018-0.210) during follow-up. This increase
would therefore result in an almost 1.37 ml improvement over 1 year
(95% CI: 0.221-2.516), corresponding to an approximately 9.5%
increase over the mean baseline volume. Graphical representations
of the effects on left testicular volume are shown in Figure 1 and 2.

Our results also show that age is significantly associated with
reduced left testicular volume in these patients (—0.072 ml per year,
P = 0.020), possibly suggesting that early intervention should be
attempted in order to prevent testicular damage. However, despite its
statistical significance, whether this finding actually has any clinical
bearing is a matter of debate.

Testicular hypotrophy is associated with worse outcomes in terms
of sperm quality,'® and endocrine impairments have been described in
patients with varicocele.' The significant increase in testicular volume
observed in our study warrants further investigation, as catch-up
growth might offer a better view of subsequent long-term improvement
in the spermatogenetic function of the testes.'® It could also have a
positive psychological effect.

Most reports describe catch-up growth in children only. Ours
is the first study to report an increase in testicular volume following
percutaneous treatment of varicocele. Testicular hypoxia and
hyperthermia, which have been described in this condition, could
increase the production of reactive oxygen species; several studies
suggest that oxidative stress is associated with germ cell apoptosis and
is a marker of testicular dysfunction.*>*

Our study has some limitations, including its retrospective
nature and absence of a control group. However, it also offers some
unique advantages: just two, highly qualified clinicians performed
the US in all patients and all the percutaneous embolization
procedures were performed in a single center, leading to the
highly consistent assessment and treatment of the caseload. In
addition, the enrolled population had a relatively narrow age range
(Supplementary Figure 2) and other conditions affecting testicular
volumes were excluded. As previously stated, many young adults
were diagnosed with varicocele during the “Amico Andrologo”
permanent nationwide surveillance program for students in the
last year of Italian high school.

Prospective studies assessing the effects of percutaneous varicocele
repair should also consider several other features, such as number
and diameter of varicose veins, changes in testicular echotexture, and
circulating inflammatory markers, as any improvements in sperm
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parameters and endocrine function might actually be secondary, rather
than a direct consequence of treatment.

CONCLUSIONS

Percutaneous treatment of left varicocele leads to a significant increase
in ipsilateral testicular volume, but only in patients with a difference
of at least 20% between right and left testicular volumes. Whether this
improved testicular size is associated with better outcomes in terms of
endocrine and reproductive function remains to be established. In any
case, early intervention should be suggested in order to maximize the
improvement. A 12-month follow-up is recommended for all young
patients undergoing varicocele repair, as the most clinically evident
effects on testicular catch-up growth take place in this period.
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Supplementary Table 1: Ultrasound classification of varicocele according to the ultrasound of the testis for the andrologist — morphological and
Functional Atlas' (modified with permission of the authors)

B-mode Revisited classification (Dubin-Solbiati) Corresponding Solbiati Corresponding
to Dubin to Dubin
Reflux Reflux
Grade 1 Dilated vessel (>2.5 mm) in Inguinal reflux only during Valsalva Grade 1 Inguinal reflux only during Grade 1
inguinal region only maneuver (lasting 2-3 s) Valsalva maneuver
Grade 2 Supratesticular vessel dilation Supratesticular reflux only during Valsalva Supratesticular reflux only
(>3 mm) maneuver, lasting more than 3 s during Valsalva maneuver
Grade 3 Supra- and peri-testicular vessel Supra- and peri-testicular reflux at Grade 2 Peritesticular reflux only
dilation (>3 mm) rest which increases during Valsalva during Valsalva maneuver
maneuver, lasting more than 3 s
Grade 4 Peritesticular vessel dilation with Peritesticular reflux at rest which may Grade 3 Testicular reflux at rest Grade 2
further dilation during functional or may not increase during Valsalva which increases during
maneuver, testicular hypotrophy maneuver Valsalva maneuver
Grade 5 Peritesticular vessel dilation that Peritesticular reflux at rest which increases Peritesticular reflux at rest Grade 3
does not increase with functional minimally during Valsalva maneuver or which increases minimally
maneuver or intratesticular dilated intratesticular vessels which refill during Valsalva maneuver
vessels and testicular hypotrophy with Valsalva maneuver
0.15

n=10656

]

‘ Patients in DB |

Patients with scrotal US ]
n=6085
Patients with varicocele | |
‘ n =3409 | Testicular lesions: 238
Conditions affecting Klinefelter syndrome: 168 0.10 4
17 testicular volume —{  Cryptorchidism: 23
No other conditions n=320 Testicular torsion: 15
‘ n=3089 | Orchitis: 4 >
o
T [ not 2251 c —
2 Treatment failed: 151 ] —
Treatment successfully performed g—
n =687 [0
Right or bilateral varicocele L‘E —
n=561
Left varicocele 0.054
n=126
Age = 35 years
n=12
Age < 35 years
n=114
Supplementary Figure 1: Flowchart detailing the process of patient retrieval
from our electronic database. Several patients had more than one condition

0.00 A

affecting testicular volume. DB: database; US: ultrasound.

15 20 25 30 35
Age (years)

Supplementary Figure 2: Histogram detailing age distribution in the study
population (n=114).





