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Abstract

Context: The benefits and harms of intervention (surgical or radiological) versus observation in
children and adolescents with varicocele are controversial.
Objective: To systematically evaluate the evidence regarding the short- and long-term outcomes of
varicocele treatment in children and adolescents.
Evidence acquisition: A systematic review and meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement. A priori
protocol was registered to PROSPERO (CRD42018084871), and a literature search was performed for
all relevant publications published from January 1980 until June 2017. Randomized controlled trials
(RCTs), nonrandomized comparative studies (NRSs), and single-arm case series including aminimum
of 50 participants were eligible for inclusion.
Evidence synthesis: Of 1550 articles identified, 98 articles including 16 130 patients (7–21 yr old)
were eligible for inclusion (12 RCTs, 47 NRSs, and 39 case series). Varicocele treatment improved
testicular volume (mean difference 1.52 ml, 95% confidence interval [CI] 0.73–2.31) and increased
total sperm concentration (mean difference 25.54, 95% CI 12.84–38.25) when compared with
observation. Open surgery and laparoscopy may have similar treatment success. A significant
decrease in hydrocele formation was observed in lymphatic sparing versus non–lymphatic sparing
surgery (p = 0.02). Our findings are limited by the heterogeneity of the published data, and a lack of
long-term outcomes demonstrating sperm parameters and paternity rates.
Conclusions: Moderate evidence exists on the benefits of varicocele treatment in children and
adolescents in terms of testicular volume and sperm concentration. Current evidence does not
demonstrate superiority of any of the surgical/interventional techniques regarding treatment
success. Long-term outcomes including paternity and fertility still remain unknown.
Patient summary: In this paper, we review benefits and harms of varicocele treatment in children
and adolescents. We found moderate evidence that varicocele treatment results in improvement of
testicular volume and sperm concentration. Lymphatic sparing surgery decreases hydrocele forma-
tion. Paternity and fertility outcomes are not clear.
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1. Introduction

Varicocele in children and adolescents is one of the most
controversial topics inpediatric urologyandhas an incidence
of up to 14–20% in adolescent boys, similar to adults [1]. It is
defined as the abnormal dilatation of the veins within the
pampiniformplexus as a result of venous reflux. It is believed
that varicocele may cause fertility problems by negatively
affecting sperm parameters, including density, motility, and
morphology, and by decreasing testicular volume [2,3]. In a
recent meta-analysis (MA), it has been demonstrated that
treatment of adolescent varicocele positively affects sperm
parameters and may lead to increased testicular volume,
which is also known as “testicular catch-up growth” [4].

On the contrary, there are several limitations of the
previously publishedMA. Publications by both Nork et al. [2]
and Zhou et al. [3] included nonrandomized comparative
studies (NRSs) in the statistical analysis, which have limited
their level of evidence. In addition, both of them focusmainly
on semen parameters and testicular volume, while the
outcomes of the treatment (success, recurrence, complica-
tions, etc.) havenotbeen reported. A recentMAbyLockeet al.
[4] overcame this limitation by analyzing only randomized
controlled trials (RCTs) to elucidate some points over
varicocele treatment. However, this study was also limited
by the lack of informationon items such as comparison of the
surgical techniques, surgical success, hydrocele formation,
complication rates, and paternity in the long term.

With this comprehensive systematic review (SR) and
MA, we aim to determine the benefits and harms of
varicocele intervention in pediatrics in the short and long
term for the various interventions available.

2. Evidence acquisition

2.1. Search strategy

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) statement. An a priori protocol was registered at
the PROSPERO database (reference CRD42018084871). The
literature searchwas performed for all relevant publications
published from January 1980 until June 2017, using the
following databases: Embase, MEDLINE, Cochrane SRs,
Cochrane Central, Cochrane HTA, Chinicaltrial.gov, and
WHO International Clinical Trials Registry Platform Search
Portal. We used the string terms varicocele AND pediatrics
or synonyms of this. Publications included were original
articles regarding interventions for varicocele in the English
language. All abstracts and following relevant full texts
were evaluated by two of the four independent reviewers
(M.S.S., S.U., J.S.L.T.Q, and L.A.H.). Disagreements were
resolved by interactive discussion. A complete search
strategy is provided in the Supplementary material.

2.2. Types of study designs

RCTs, NRSs, and single-arm case series including a mini-
mum of 50 participants were eligible for inclusion. SRs and
narrative reviews were excluded, but were used as a source
for the discussion.

2.3. Types of participants

Only children and adolescents �21 yr of age, with a
clinically diagnosed varicocele, were included, regardless of
the grade of severity (eg, Dubin-Amelar classification:
grades 1–3). Our exclusion criteria were subclinical
diagnosis, secondary varicocele, previous inguinoscrotal
surgery on either side, any local or systemic treatment that
can affect fertility, testicular trauma, previous orchitis, and
endocrinological or chromosomal syndromes. If studies did
not mention these characteristics, we assumed them not to
be present.

2.4. Types of interventions

Intervention was divided into surgical (all levels including
Palomo, Ivanissevich, subinguinal, with or without micro-
scope or loupe, laparoscopy) and radiological (eg, sclero-
therapy, embolization, antegrade versus retrograde)
interventions. These interventions were compared with
control groups without intervention (including observa-
tion) or no control in the single-arm case series.

2.5. Types of outcome measures

The primary outcome for benefits were short-term cure or
success (defined as resolution of varicocele) measured <9
mo, also including downgrading in Dubin-Amelar grade.
The primary outcome for harms were interventional
complication, such as, but not limited, to testicular
atrophy, secondary hydrocele, wound infection, conversion
rate, etc.

The secondary outcomes for benefits were testicular
catch-up growth, pain resolution, sperm parameters,
paternity, and hormonal status (changes on follicle-
stimulating hormone [FSH], luteinizing hormone [LH],
and testosterone) at >12 mo follow-up or as defined by
trialists. The definition of “catch-up growth” was not
uniform among the included studies. In general, for patients
with varicocele and considerable testicular size discrepan-
cy, “catch-up growth” means that the size of the left testis
caught upwith the right testis after any type of intervention
or observation. The secondary harms included failure rate,
delayed hydrocele, and delayed testicular atrophy.

2.6. Assessment of risk of bias

The risk of bias was assessed for each included study by the
four review authors independently. Any disagreements
were resolved by discussion. Risk of bias for RCTs was
judged by using the recommended tool in the Cochrane
Handbook for Systematic Reviews of Interventions. This
included the assessment of random sequence generation,
allocation concealment, blinding of participants and per-
sonnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other sources of bias.
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2.7. Data analysis

The number or percent of treatment success, recurrence and
complications, and other outcomes measured including
testicular volumes and pain resolution were extracted from
the eligible studies. Long-term outcomes including sperm
parameters, hormonal changes, and paternity rates were
also extracted.

MAswere performed only for the outcomes derived from
RCTs. This was applicable for the following parameters:
changes in testicular volume and sperm parameters during
the comparison of intervention versus observation. Hydro-
cele development after lymphatic sparing versus nonspar-
ing surgery was also meta-analyzed.

MAs were intended for the other comparisons including
paternity, pain resolution, and types of surgeries. However,
due to the lack of this evidence in RCTs, some of the
additional data from NRSs have been represented in forest
plotswithoutMA (due tomethodological heterogeneity and
the high risk of bias).

Regarding the binary/dichotomous/categorical benefit or
harm outcomes, odds ratios (ORs) were used where
available. Mean difference (MD) with 95% confidence
intervals (CIs) were used to report continuous outcomes.

3. Evidence synthesis

3.1. Quantity of evidence identified

The search and selection process of the articles are
demonstrated in the PRISMA flow diagram (Fig. 1). A total
of 1550 abstracts and titles were screened and 160 were
retrieved for full-text screening. Finally, 98 studies were
found eligible, recruiting a total of 16 130 children and
adolescents (RCTs: 1605, NRSs: 9672, case series: 4853).
This included 12 RCTs [5–16], 47 NRSs [17–63], and 39 case
series [64–102].

3.2. Characteristics of the included studies

Baseline characteristics of the 12 RCTs are presented in
Table 1. Owing to the high numbers of included studies,
baseline characteristics of the NRSs and case series are not
demonstrated in tables, but instead the highlights are
reported below.

3.2.1. Characteristics of RCTs

The comparison parameters for the included RCTs were
variable and listed in Table 1. Four studies randomized
observation with different types of interventions
[5,9,10,14]. The rest of the papers compared different
intervention techniques between each other. Only one
study included embolization with observation [5].

Although all recruited patients had clinical varicocele,
the grades were variable. The majority of the studies
included GII and GIII varicocele, whereas three papers
included GI varicocele [10,14,16] and two papers did not
report the grades [9,13].
The numbers of the included patients, mean follow-up
periods, and inclusion and exclusion criteria are also listed
in Table 1.

3.2.2. Characteristics of NRSs

A total of 47 NRSs (seven prospective and 40 retrospective)
including 9672 patients met the inclusion criteria. The
comparison parameters were variable, including open
versus laparoscopy [21–23,30,32,34,38,41,42,46,51,62,63],
laparoscopy or open surgery versus sclerotherapy/emboli-
zation [18,30,54–56], laparoscopic or open artery sparing
versus non–artery sparing [25,29,42,43,52,56,59,61,62], and
lymphatic sparing versus nonsparing [27,36,49,60].

The grades of varicocele were 2 and 3 in the majority of
the studies, whereas the grades were not reported in 19 of
the studies. Indications for surgery were variable and were
also reported in 12 of the studies.

3.2.3. Characteristics of case series

A total of 38 case series (four prospective and 34 retrospec-
tive) including 4853 patients met the inclusion criteria.
Sixteen studies reported the outcomes of laparoscopic
varicocelectomies
[64,66,67,72,74,75,77,80,81,83,85,86,89,90,94,96]. Eleven
studies reported outcomes of sclerotherapy/embolization
[69,71,76,78,82,87,92,93,97,99,102]. The remainder
reported outcomes of various types of open surgery
[65,68,70,73,79,84,88,91,95,98,100,101].

The grades of varicocele were again 2 and 3 in the
majority of the studies, whereas the grade was not reported
in nine of the studies. In one study reporting the outcomes
of antegrade scrotal sclerotherapy, the authors also includ-
ed 12 subclinical varicoceles in their study [69]. Indications
for surgery/intervention were variable, including grade
3 varicocele, hypotrophy, presence of symptoms, and
abnormal semen analysis as defined by the trialists.

3.3. Risk of bias summary for the included studies

Figure 2 demonstrates the risk of bias summary and
confounding assessments for the 12 RCTs. A low risk of
selection bias was present for the majority of the studies,
whereas a high risk was present only for one study [15]. A
high risk of performance bias and an unclear risk of
detection bias were present for all included RCTs. Attrition
bias and reporting bias were at low risk in general.

3.4. Outcomes of included studies

3.4.1. Data from RCTs

The outcome results of 12 RCTs are summarized and
demonstrated in Table 2.

3.4.1.1. Treatment success. The definition of success in 12 of the
RCTswas variable and included disappearance of varicocele,
testicular catch-up growth, and improvement in semen
analysis. Success rates (disappearance of varicocele) were
between 87% and 100%. It was not reported in three of the
included studies [9,10,14].



[(Fig._1)TD$FIG]

Fig. 1 – PRISMA flow diagram. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-analysis; RCT = randomized controlled trial.
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Podkamenev et al. [6] randomized open (n: 220) versus
laparoscopic (n: 434) treatment of varicocele. In both
groups, the Palomo technique was performed. After a mean
follow-up of 6mo, the success rates were similar among the
groups (open: 217/220, 98.6%; laparoscopic varicocelecto-
my: 428/434, 98.6%; p > 0.05).

Shiraishi et al. [12] randomized the levels of microsurgi-
cal varicocelectomy performed in open fashion. They
compared the outcomes of subinguinal (n: 41) versus high
inguinal (n: 40) varicocelectomy in children. After a mean
follow-up period of 38.2 mo (range: 24–85 mo) there were
no recurrences in any of the groups, and the overall success
rate was 100%.

3.4.1.2. Complication of surgery/interventions. The complications
recorded from the available RCTs included hydrocele,
atrophy, and any other complication detected by the
trialists. The most common complication reported was
hydrocele. In four RCTs, complications were not reported
[5,9,14,16].

The rate of hydrocele formation following varicocelecto-
my was 0–12% with 6–85 mo of follow-up, and was lowest
when magnification (either loupe or microscope) was
performed [9,13] and seemed to be significantly higher
after open Palomo surgery [10].

The MA of two RCTs that compared lymphatic sparing
versus nonsparing surgery is demonstrated in Figure 3
[7,11]. Lymphatic sparing significantly decreased hydrocele
rates (p = 0.02) and the odds ratio (OR)was 0.08 (95% CI 0.01,
0.67).

3.4.1.3. Testicular volume changes and catch-up growth. Testicular
volume measurements (either by ultrasound or by orchid-
ometer) and/or catch-up growth rates were recorded in
eight of the RCTs [5,8–10,12–14,16], whereas it was not
reported in the remaining four RCTs [6,7,11,15].



Table 1 – Summary of findings—baseline characteristics of RCTs

Study ID (year),
recruitment period

N Age (yr), mean (SD),
median (range)

Comparison parameters Grade severity of
varicocele

Inclusion criteria Exclusion criteria Indication for surgery or
intervention

Laven et al (1992) [5],
NR

67 17–20 Observation vs
embolization

II: 10
III: 43

Adolescents with
varicocele

NR NR

Podkamenev et al
(2002) [6], 1995–
2000

654 7–17 Open vs laparoscopic
varicocelectomy

II and III Left VC Refusal of the study NR

Golebiewski et al
(2007) [7], 2003–
2005

52 12–16 (14.7) Laparoscopic lymphatic
nonsparing vs sparing

All patients GIII Unilateral G3
varicocele

NR G3 varicocele, asymmetric
testicular growth and
infrequent discomfort

Marte et al (2014) [8],
2011–2013

69 14.5 (11–17) Single-incision
laparoscopic
varicocelectomy vs
conventional laparoscopic
varicocelectomy

II and III G2–3 varicocele or
ipsilateral testicular
hydrotrophy

History of previous abdominal
surgery

G2–3 VC or hypotrophy

Moursy et al (2013)
[9], 2004–2007

173 14.3 (12–16) Inguinal VC using loupe vs
no treatment

NR NR NR Hypotrophy >20%

Paduch and
Niedzielski (1997)
[10], NR

124 15–19
Treated: 16.7
Untreated:16.5

Palomo artery sparing vs
no treatment

GI: 7
GII: 48
GIII: 59

Clinically detected VC NR NR

Schwentner et al
(2006) [11], NR

50 Group1: 17.8
Group2: 16.5

Laparoscopic VC w/wo
isosulfan blue

GIII: 27
GII: 23

NR > Previous groin surgery,
secondary procedures, hernia
and hydroceles, history of
undescended testis

Low sperm counts (in young
men), scrotal pain and
testicular atrophy or severe
cosmetic impairment (grade
III)

Shiraishi et al (2016)
[12], 2008–2014

81 13.4 (9–18) Subinguinal vs high
inguinal VC (both
microsurgical)

G2–3 G 2–3 VC w pain (20%
subinguinal and 25%
high) or asymmetry of
�20%

Prior surgery, older than 18, GI
VC, bilat VC solitary testis

Pain or asymmetry

Spinelli et al (2016)
[13], 2008–2013

70 14.5 (7–17) Microsurgical artery and
lymph sparing inguinal:
with vs without delivery of
testis

NR Unilateral varicocele
with testicular volume
discrepancy >20%

Previous groin surgery,
endocrine or multisystem
anomaly affecting testis
volume

Unilateral varicocele with
testicular volume
discrepancy >20%

Yamamoto et al
(1995) [14], NR

51 + 18 Untreated: 18.4
Treated: 18.6
Control: 18.2

High inguinal VC vs
observation vs control

G1: 20
G2: 29
G3: 2

NR NR NR

Zampieri et al (2007)
[15], 1999–2003

122 14.3 (12–16) LV w artery sparing vs
nonsparing

G2: 82
G3: 40

Idiopathic VC NR Hypotrophy with varicocele

Mohseni et al (2011)
[16], 2006–2009

74 13 (8–18) Retroperitoneal vs inguinal
(only for shunt-type VC)

G1: 9
G2: 35
G3: 30

Shunt and stop type VC
with testicular
asymmetry �20%

NR Testicular asymmetry
(difference �20%)

bilat = bilateral; G = grade; LV = laparoscopic varicocelectomy; NR = not reported; RCT = randomized controlled trial; SD = standard deviation; VC = varicocelectomy; w = with; wo = without.
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Fig. 2 – Risk of bias summary for 12 RCTs. RCT = randomized controlled
trial.
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Four studies were included in an MA all of which
compared surgery/intervention versus observation in chil-
dren with varicocele (Fig. 4). Among them, only Laven et al.
[5] compared the outcomes of embolization versus obser-
vation, whereas the remaining three studies compared
varicocelectomy (inguinal and high inguinal) versus obser-
vation [9,10,14]. Testicular volumes were significantly
higher in the treated group versus the nontreated group
(p < 0.001) and the OR was 1.52 (95% CI 0.73, 2.31).

3.4.1.4. Changes in sperm parameters. Sperm parameters were
recorded in three of the RCTs [5,14,15], whereas in one study
it was mentioned without providing any data [9]. Although
Tanner stages of the patients were not reported in the
studies, semen samples were taken from two of them after
they had become 18 yr old [9,15]; by contrast, samples were
taken from patients aged between 17 and 21 yr in the study
of Laven et al. [5] and from those 15–21 yr old in the study of
Yamamoto et al. [14]. In the remaining eight RCTs, sperm
parameters were not reported.

Two RCTs reported pre- and postoperative spermiogram
values in both treated and untreated groups [5,14]. These
two studies underwent an MA (Fig. 5). It was found that
sperm concentrationwas significantly higher in the treated
groups versus the nontreated groups, with a mean
difference of 25.54 million/ml (p < 0.001). However motili-
ty (MD: 2.80%, 95% CI 2.39–7.99, p = 0.29) and morphology
(MD:–1.99%, 95% CI–7.21 to 3.23, p = 0.46) parameters were
comparable between treated and untreated groups.

3.4.1.5. Resolution of pain. Resolution or recurrence of pain
after treatment of varicocele was mentioned in only two of
the RCTs [11,12]. Schwentner et al. [11] reported outcomes of
laparoscopic varicocelectomy with and without staining for
lymphatic vessels. The total number of patients with
preoperative pain is not reported. However, at the end of
follow-up, there were two patients with persistent pain in
both groups and in one of them the pain resolved
spontaneously. In another study by Shiraishi et al. [12],
scrotal pain associated with varicocele diminished in all
children (24/24, 100%) postoperatively. In the same study,
three patients without preoperative pain reported postop-
erative pain, which resolved within 3–6 mo of follow-up.

3.4.1.6. Hormonal status. Only two RCTs reported the values of
the hormonal status (serum LH, FSH, and testosterone) of
the children postoperatively [9,14]. In the study by Moursy
et al. [9], all FSH levels were normal at follow-up, except
one patient in group B2 (observation) who required
surgical correction because of elevated FSH levels and
oligoasthenospermia, which normalized afterward. In the
study by Yamamoto et al. [14], hormone measurements
were performed at intake and after 1 yr of follow-up.
Serum LH, FSH, and testosterone levels were determined.
During intake and after 1 yr of follow-up, all hormone
levels were within normal range in both treated and
untreated groups.

3.4.1.7. Paternity rates. Paternity rates were not recorded in
any of the RCTs included in this study.

3.4.2. Data from NRSs and case series

The outcome results of 47 NRSs and 39 case series are
summarized below.

3.4.2.1. Treatment success. The definition of success was highly
variable in the included NRSs and case series, and included
disappearance of varicocele, paternity, testicular catch-up
growth, etc. On the contrary, it was not defined in 24 of
47 NRSs and in 18 of 39 case series.

The treatment success rates (disappearance of varico-
cele) were between 88.2% and 100% in the included NRSs,
whereas the rates were between 85.1% and 100% in case
series.



Table 2 – Summary of findings—outcomes of RCTs

Study ID (year)
recruitment period

Duration of
follow-up (mo)

Definition for
cure or success

N or % of success N or % of
complications

N or % of
recurrence

Testicular volume (ml) or
testicular catch-up
growth >9 mo (n)

N of pain
resolution

Sperm parameters Authors’
conclusions

Laven et al (1992)
[5], NR

12 NR Treated: 27/31
(87%)

NR 4/31 (13%) Preop/postop vol.
Measured by
orchidometer:
Untreated: 20/20.3
Treated: 21.6/24.2
(p < 0.001)

NR Preop/postop sperm
concentration (106):
Untreated: 51.5/46.5
Treated: 47.4/68.9
(p < 0.01)
Motility:
Untreated: 52.9/56.5
Treated: 54.3/59.3
(p > 0.05)

Although not
apparent in all
adolescents,
varicocele correction
results in increased
testis volume and
sperm concentration

Podkamenev et al
(2002) [6], 1995–
2000

6 Resolution of VC LV: 428/434
OV: 217/220

LV: 6.6%
OV: 23.1%

LV: 1.84% (8)
OV: 1.36% (3)

NR NR NR Clinical efficacy of LV
is superior to
traditional open
surgery

Golebiewski et al
(2007) [7], 2003–
2005

14 Resolution of VC at
clinical exam and
Doppler US

100% 4/52 0% NR NR NR The most successful
method of
prevention of
hydrocele during a
laparoscopic Palomo
procedure seems to
be intraoperative
lymphatic staining
and preservation of
lymphatic vessels

Marte et al (2014)
[8], 2011–2013

NR Efficacy of the
procedure and
postop outcomes

67/69 (97.1%) 2/69 2/69 Numbers of catch-up
growth for hypotrophic
testis: 11/16
Preop: 15.3 ml
Postop: 19.5 ml
(measurement method NR)

NR NR SIL-V is safe and
effective, and allows
for fast and efficient
isolation of the
vascular bundle

Moursy et al (2013)
[9], 2004–2007

Group A: 78
Group B: 79

NR NR NR 4 Preop/postop vol.
Measured by US:
Treated: 10.51/15.6
Untreated: 10.62/15.2
(p > 0.05)
Catch-up growth:
Treated: 74%
Untreated: 50%
(p < 0.05)
Reduction of testicular size
in 2 cases in untreated
group

NR All were normal except
1 in the untreated
group

Although adolescent
varicocelectomy was
associated with a
higher percentage of
Patients showing
testicular catch-up
growth, the mean
testicular volume
was not significantly
different

Paduch and
Niedzielski (1997)
[10], NR

12 NR NR 15 5 Preop/postop vol.
Measured by US:
Treated: 13.6/16.9
(p < 0.001)
Untreated: 13.4/14.5

NR NR Repair reverses
hypotrophy and
catch-up occurs
within 12 mo

Schwentner et al
(2006) [11], NR

24.4 (14–36) NR 48/50 (96%) 5 2 NR N: 1/4
patients

NR LSLV prevents
hydrocele and edema
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Table 2 (Continued )

Study ID (year)
recruitment period

Duration of
follow-up (mo)

Definition for
cure or success

N or % of success N or % of
complications

N or % of
recurrence

Testicular volume (ml) or
testicular catch-up
growth >9 mo (n)

N of pain
resolution

Sperm parameters Authors’
conclusions

Shiraishi et al (2016)
[12], 2008–2014

24–85 Resolution and
catch-up growth

100% 1/81 0 Catch-up growth:
Subinguinal: 70% (29/41)
Inguinal: 78% (31/40)
(p > 0.05)
Preop/postop vol. (ml)
measured by orchidometer
and US:
Subinguinal: 7.0/12.6
Inguinal: 7.2/12.7

Scrotal pain
diminished
in 24/24
(100%)
3 new-onset
scrotal pain in
subinguinal
group

NR Similar success, but
high inguinal is
easier: less veins,
larger artery

Spinelli et al (2016)
[13], 2008–2013

12 Resolution and
catch-up growth

69/70 (98.5) 0 3 Numbers of catch-up
growth for hypotrophic
testis: 39/70 measured by
US

NR NR Lymphatic and artery
sparing
varicocelectomy by
delivering testis and
ligating all collaterals
results in higher
catch-up growth

Yamamoto et al
(1995) [14], NR

12 Catch-up growth,
semen analysis,
and hormones

NR NR NR Catch-up growth, preop/
postop vol. (ml) measured
by orchidometer:
Treated: 21.0/25.2
Untreated: 21.0/21.5
Control: 24.6/24.9
(p < 0.03)

NR Preop/postop sperm
conc 105:
Treated: 50.5/73.9
Untreated: 49.2/46.3
(p < 0.002)
Control: 50.2/53.1
Other parameters
comparable

Varicocele treatment
in adolescents leads
to increased testis
volume and a higher
sperm concentration;
however, whether
early treatment will
improve testicular
function remains to
be elucidated

Zampieri et al (2007)
[15], 1999–2003

18 Doppler
velocimetry after
3 mo postop

116/122 (95%) 9/122 5/122 NR NR Only postop sperm
parameters available:
Patients with artery
preservation showed
better results for all
parameters

Preservation of the
testicular artery Was
the best possible
option in terms of
semen quality

Mohseni et al (2011)
[16], 2006–2009

15, 12, and
14 mo for
groups 1,
2a, and 2b,
respectively

Assessing for
testicular size by
US and recurrence
of varicocele

69/74 (93.2%) NR 5/74 New-onset testicular
asymmetry in 8 of
untreated patients,
measured by US
Numbers of catch-up
growth for hypotrophic
testis: 32/74

NR NR Shunt-type
varicocele is
associated with a
higher risk of
testicular hypotrophy
among untreated
patients

conc = concentration; LSLV = lymphatic sparing laparoscopic varicocelectomy; LV = laparoscopic varicocelectomy; N = number; NR = not reported; OV = open varicocelectomy; Postop = postoperative; Preop = preoperative;
RCT = randomized controlled trial; SIL-V = single-incision laparoscopic varicocelectomy; US = ultrasonography; VC = varicocelectomy; vol. = volume.
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Fig. 3 – Forest plot demonstrating hydrocele occurrence after lymphatic sparing versus non-sparing surgery. CI = confidence interval; M-H = Mantel-
Haenszel.
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Fig. 4 – Forest plot demonstrating mean testicular volumes (ml) for intervention versus observation groups. CI = confidence interval; IV = inverse
variance; SD = standard deviation.
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Fig. 5 – Forest plot demonstrating total sperm counts for intervention versus observation groups. CI = confidence interval; IV = inverse variance;
SD = standard deviation.

[(Fig._6)TD$FIG]

Fig. 6 – Forest plot demonstrating recurrence of open versus laparoscopic treatment of varicocele. CI = confidence interval; M-H = Mantel-Haenszel.
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Only one RCT and six NRSs compared the outcomes of
open surgery and laparoscopy (Fig. 6). Six of the open
surgeries were microscopic, two with loupe magnification
and two were unclear in terms of the use of magnifiers. In
addition, the type of surgery (subinguinal, Palomo, etc) is
also unclear in the majority of the reported studies. The OR
ranged from 0.13 to 2.84. As a result, it remains unclear
whether open or laparoscopic surgery is more successful for
varicocele treatment. In addition, due to the lack of
comparative data we were not able to discern a statistical
difference in treatment success among the various forms of
open surgery.

3.4.2.2. Complication of surgery/interventions. The complications
reported by the included NRSs and case series included
hydrocele, atrophy, wound infection, hematomas, scrotal
emphysema, epididymitis, and shoulder pain. The most
commonly reported complication was hydrocele, with a
range of 0–29%.
When looking into the NRSs, in parallel with the RCT
outcomes, the number of hydrocele complications was
decreased by performing lymphatic sparing surgery in the
reported series [27,28,36,41,47,49,50,60].

3.4.2.3. Testicular volume changes and catch-up growth. Testicular
volume measurements and/or catch-up growth rates were
recorded in 22 of the NRSs, whereas it was reported in
17 case series. Testicular catch-up growth rates after
interventional varicocele treatment (antegrade sclerother-
apy, retrograde embolization, etc.) were between 86% and
100% [26,93]. Following laparoscopic varicocelectomy, it
was reported between 77% and 100% [20,31], whereas
following open varicocelectomy (subinguinal, inguinal,
Palomo, microscopic, etc) it was between 62.8% and 97.1%
[36,68].

3.4.2.4. Changes in sperm parameters. Sperm parameters of the
patientswere available only in sixof theNRSs,whereas itwas
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Fig. 7 – Forest plot demonstrating paternity of treated versus nontreated patients with varicocele. CI = confidence interval; M-H = Mantel-Haenszel.
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reported in six case series. In NRSs, it was demonstrated that
all parameters were increased after interventional, micro-
scopic, and laparoscopic treatments [26,47,48,58,61,62],with
a mean follow-up between 17.6 mo and 10.6 yr. In the case
series, where semen parameters were evaluated both before
and after varicocelectomy, the sperm count, motility, and
morphology significantly improved [91,96,98].

3.4.2.5. Resolution of pain. Postoperative pain status (persis-
tence/resolution) as an outcome of surgery/intervention
was reported in three of the NRSs [18,26,53] and only in four
case series [64,77,87,101]. Keene and Cervellione [26]
reported outcomes of different techniques of antegrade
sclerotherapy in 91 patients with G2 and G3 varicocele.
Resolution of pain was observed in all 38 cases (100%) who
had pain preoperatively. In another case series by Pod-
doubnyĭ et al. [77], laparoscopic varicocelectomy was
performed in 180 children with left-sided varicocele. Out
of 28 children who had pain preoperatively, 26 had
resolution of pain (92.9%).

3.4.2.6. Hormonal status. Hormonal status including LH, FSH,
and testosterone was recorded in three of the NRSs
[38,47,48] and in only one case series [83]. In two of the
NRSs [38,48], pre- and postoperative hormonal levels were
found comparable; however, in the study by Çayan et al.
[47], mean testosterone levels were found to be elevated
(3.61–4.96 ng/ml) after microscopic subinguinal or inguinal
varicocelectomy.

3.4.2.7. Paternity rates. Two NRSs [19,47] and two case series
[96,100] reported paternity rates. Pajovich and Radojevic
[96] reported long-term outcomes of laparoscopic varico-
celectomy, and they found 75% paternity rate (12/16) in
the study population. Salzhauer et al. [100] found 100%
paternity rate after varicocelectomy (Ivanissevich and
Palomo techniques) in 43 patients who responded the
questionnaire. Both Bogaert et al. [19] and Çayan et al. [47]
compared the outcomes of treatment versus observation.
Bogaert et al. [19] found 78% paternity rate in patients who
underwent antegrade sclerotherapy whereas 85% paterni-
ty rate in controls, most of their patients did not have
testicular hypotrophy. They concluded that varicocele
intervention does not improve the paternity rate. Howev-
er, in the study by Çayan et al. [47], 286 patients
underwent microsurgical varicocelectomy and 122 were
observed. All patients had testicular hypotrophy and >50%
of the cases underwent bilateral varicocelectomy. Pater-
nity rate was 77.3% in the treated group versus 48.4% in the
untreated group, favoring treatment in adolescent varico-
cele. Forest plot demonstration of paternity is provided in
Figure 7.

3.5. Discussion

3.5.1. Principal findings

Our SR and MA provided the available evidence in the
literature on the benefits and harms of varicocele treatment
in children and adolescents, which are mentioned below.

Success rates (disappearance of varicocele) were >85%
among all included studies. Owing to a lack of RCTs, we
could not identify a surgical technique that was superior to
the others. We found that open surgery and laparoscopy
may have similar treatment success.

An MA based on available RCTs revealed improved
testicular volume and increased total sperm concentration
in children who underwent intervention compared with
observation. The most common complication reported was
hydrocele. A significant decrease in hydrocele formation
was observed in lymphatic sparing versus non–lymphatic
sparing surgery.

Resolution of painwas another parameter investigated in
our study. Although reporting this outcome was extremely
rare in the included studies, all included studies reported
>90% of pain resolution.

Very few studies investigated the hormonal status of
patients and the majority of them revealed that hormonal
levels were within normal ranges both before and after
treatment. We presume that a future research on subfertile
patients would provide meaningful outcomes.

Paternity is one of the most important outcomes after
varicocelectomy, but in contrast, it is the least reported
outcome in the literature due to the necessity of long-term
follow-up. Both comparative studies were biased by several
factors and the outcome was conflicting. In the study by
Bogaert et al. [19], only 361 of the 661 included patients
completed the survey regarding the paternity rate. In the
study by Çayan et al. [47], the follow-up time was
significantly higher in the treated group versus the
nontreated group. Based on the available data, the effect
of surgery on paternity rate cannot be determined.

3.5.2. Implications for clinical practice

With this SR andMA, the benefits of varicocele treatment in
children and adolescents are demonstrated in terms of
improved testicular volume and sperm parameters. At this
moment, we are not able to recommend any surgical/
interventional technique as the standard treatment of
varicocele. Lymphatic preservation is highly recommended
in order to decrease the rates of hydrocele. Paternity and
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fertility issues still remain unclear. We could not identify an
ideal candidate for varicocele treatment according to the
available literature. However, adolescents with high-grade
varicocele, hypotrophic left testicle, pain, and poor sperm
parameters would be more likely to benefit from varicocele
treatment.

3.5.3. Further research

Undoubtedly, RCTs are required to elucidate which surgical/
interventional technique is the best option in treating
varicocele. Long-term outcomes such as paternity and
fertility still need to be studied. There is no randomized trial
comparing paternity rates of intervention/surgery versus
observation. Additionally, RCTs (treatment vs no treatment,
open surgery vs laparoscopy, artery sparing vs non–artery
sparing, etc.) providing pre- and postoperative semen
parameters are still not available in the literature. Optimi-
zation of the diagnostic parameters of varicocele and
uniform definition of the treatment success is required
for further investigation about varicocele. The definition of
“catch-up growth” should also be uniform among the future
studies. Finally, the utility of studying hormonal status in
otherwise healthy men with varicocele is questionable.

3.5.4. Limitations and strengths

Our findings are limited by the heterogeneity of the type of
the interventions and the lack of long-term data demon-
strating sperm parameters and paternity rate. Moderate
evidence exists on the benefits of varicocele treatment in
termsof testicular volumeandspermconcentration. Another
important limitation of our study was that the definitions
were highly variable among the included studies. Indications
for surgery, grading of varicocele, treatment success, and
some complications were not uniformly reported. Catch-up
growth and testicular hypotrophy were also other parame-
ters that lack standardized definitions in the literature.

Pubertal boys and adolescents are growing up individu-
als and their genitalia are in a continuous developmental
stage, so that comparison among them is difficult. There are
no normal values of spermiogram, and this is another
important limitation.

Although we could not demonstrate the effects of
varicocele treatment on long-term outcomes such as
paternity and fertility, we were able to provide an overview
of the best available evidence. With this up-to-date SR and
MA including 98 eligible studies with 16 130 patients, we
were able to meta-analyze many parameters including
testicular volume changes, spermiogram outcomes, and
benefits of lymphatic sparing surgeries. We could also
demonstrate forest plot tables of the comparison of
laparoscopy and open surgery, and furthermore paternity
rates in the long term. However, these parameters were not
meta-analyzed due to a lack of RCTs and in order to avoid
any misinterpretation of the outcomes.

This SR was performed by a group of experts including
clinicians andmethodologists (EAU Pediatric UrologyGuide-
line Panel) according to PRISMA guidelines, and the results
will be incorporated into the 2019 practice guidelines.
4. Conclusions

According to the contemporary evidence, which is sup-
ported by a systematical assessment andMA, the benefits of
varicocele correction in children and adolescents when
compared with observation are increases in testicular
volume and sperm concentration. Lymphatic sparing
surgery is superior to nonsparing surgery in terms of
decreasing hydrocele occurrence postoperatively. In addi-
tion, current evidence does not demonstrate superiority of
any surgical/interventional technique regarding treatment
success. Finally, long-term outcomes including paternity
and fertility still remain unknown.

This SR was performed under the auspices of the
European Association of Urology and the European Society
for Paediatric Urology, Pediatric Urology Guidelines Panel.
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