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Effect of varicocelectomy on testis volume and
semen parameters in adolescents: a meta-analysis

Tie Zhou"*, Wei Zhang"*, Qi Chen?, Lei Li', Huan Cao', Chuan-Liang Xu', Guang-Hua Chen’, Ying-Hao Sun'

Varicocele repair in adolescent remains controversial. Our aim is to identify and combine clinical trials results published thus
far to ascertain the efficacy of varicocelectomy in improving testis volume and semen parameters compared with nontreatment
control. A literature search was performed using Medline, Embase and Web of Science, which included results obtained from
meta-analysis, randomized and nonrandomized controlled studies. The study population was adolescents with clinically palpable
varicocele with or without the testicular asymmetry or abnormal semen parameters. Cases were allocated to treatment and observation
groups, and testis volume or semen parameters were adopted as outcome measures. As a result, seven randomized controlled
trials (RCTs) and nonrandomized controlled trials studying bilateral testis volume or semen parameters in both treatment and
observation groups were identified. Using a random effect model, mean difference of testis volume between the treatment group
and the observation group was 2.9 ml (95% confidence interval [CI]: 0.6, 5.2; P < 0.05) for the varicocele side and 1.5 ml (95%
Cl: 0.3, 2.7; P < 0.05) for the healthy side. The random effect model analysis demonstrated that the mean difference of semen
concentration, total semen motility, and normal morphology between the two groups was 13.7 x 10 ml-! (95% CI: -1.4, 28.8;
P=0.075), 2.5% (95% Cl: -3.6, 8.6; P=0.424), and 2.9% (95% CI: —=3.0, 8.7; P = 0.336) respectively. In conclusion, although
varicocelectomy significantly improved bilateral testis volume in adolescents with varicocele compared with observation cases,
semen parameters did not have any statistically significant difference between two groups. Well-planned, properly conducted RCTs
are needed in order to confirm the above-mentioned conclusion further and to explore whether varicocele repair in adolescents
could improve subsequently spontaneous pregnancy rates.
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INTRODUCTION

Fewer topics in urology have been as controversial as the effect of
varicocelectomy on male infertility, especially when it comes to
adolescent varicocele. Varicocele has been traditionally treated with
surgery such as high retroperitoneal ligation and microsurgical
varicocelectomy while embolization has also been applied as an
alternative therapy.! However, whether a causal relation exists between

of varicocelectomy in improving testis volume and semen parameters
compared with no treatment and gain insights into this issue.

MATERIALS AND METHODS

Literature search and article selection

We included studies that were published as complete reports,
addressed the treatment of varicocele in adolescents, and contained

varicocele in adolescents and their future infertility has been questioned,
since varicocele is present in many men with normal fertility.? Moreover,
one recent cohort investigated the effects of treatment for varicocele in
boysaged 12 to 17 years old to determine their chance of paternity later
in life. It had not been proved that the presence of varicocele during
adolescence influenced later fertility or paternity.’ So, the controversy
remains over adolescents who will benefit from varicocelectomy.
Although some meta-analysis and prospective studies have clearly
demonstrated that varicocele repair is associated with a significant
improvement in testis volume and semen parameters, the nonrandomized
controlled trial (NRCT) research designs without observation and
healthy groups limit their level of evidence.** Herein, we reviewed and
made a new meta-analysis of the randomized controlled trial (RCT) and
NRCTs available in the literature in an attempt to ascertain the efficacy

an assigned control group. In the present meta-analysis, we analyzed
RCTs (Evidence level 2b) and NRCTs (Evidence level 3b).¢ Although
RCTs remain to be a reference standard, some investigators have
recommended using NRCTs in a meta-analysis, as long as the studies
have been carefully evaluated for potential bias.” A literature search
was performed using Medline, Embase and Web of Science with the
aid of an external professional statistician on January 22, 2014. Key
words, used in different combination, were adolescent/adolescence,
puberty/pubertas, varicocele/varicocelectomy, infertility/subfertility,
testicles/testis, pregnancy/pregnant and semen/sperm. Search limits
were set for the English language and human species. The retrieved
articles were viewed by TZ and WZ independently. Reference lists of
retrieved articles as well as relevant review articles were also studied.
Finally, trials that reported testis volume or semen parameters in
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adolescents as an outcome measure and presented data separately
for treated and untreated groups were chosen and included by
consensus (Figure 1).

Inclusion and exclusion criteria

The subjects were adolescents (aged from 9 to 21 years old) who
underwent varicocelectomy for unilateral palpable varicocele definitely
diagnosed by physical examinations and Doppler ultrasound, with
or without the testicular asymmetry or abnormal semen parameters.
Studies that involved bilateral and subclinical varicocele were excluded,
in that we expected the study to focus on the effect of varicocelectomy on
bilateral testis volume and semen parameters of patients with unilateral
palpable varicocele. The treatment methods included transcatheter
embolization, open ligation, and microsurgical varicocelectomy, and
the postoperative testicular volume of both sides was estimated and
recorded. The collection and evaluation criteria for semen quality
followed World Health Organization (WHO) indications were followed
for collection and evaluation criteria for semen quality. Based on the
criteria of included studies, patients in the observation group were
adolescents of the same age group with unilateral palpable varicocele.

Evaluation of methodological quality

The methodological quality of the studies was evaluated based on
the Jadad scale for RCTs® and the Newcastle-Ottawa Scale (NOS) for
NRCTs.?

Statistical analysis
The measures of treatment effect were combined as a weighted average
of the individual study measures. Statistical significance was set at

91 records through 3 records through

database searching other sources

v i

94 records under

43 records to be removed
after duplicated

duplicate checking

51 records screened on 13 records excluded

revi /series report  n=5

title and abstract

|

animal study n=8

38 full-text articles 31 full-text articles excluded
1 full text not retrieved n=1
assessed for eligibility W text not retrieve
method not clearly described n=12
l no comparative outcome data n=15
7 articles included continuous variables with no SD  n=1
no quantitatie analysis n=2

in meta-analysis

Figure 1: Flow diagram of search strategy.

Table 1: Summary of comparative studies

Varicocelectomy in adolescents
T Zhou et al

1013

o= 0.05. The Q statistic was used to test between study homogeneity:
homogeneity was rejected when the Q statistic P < 0.10. Depending on
whether the homogeneity was accepted or rejected, we used the fixed
or random effect model to calculate the combined mean difference
in outcome measures and the 95% confidence interval (CI). The
statistical analyses were conducted using Stata version. 12.0 statistical
software (StataCorp., College Station, TX, USA).

RESULTS

A total of seven trials have been included in our study, composing of
three RCTs!*"2 and four NRCTs"*¢ (Table 1). The methodological
quality of included studies was relatively high for three of the
nonrandomized studies (NOS: 7 of 9 points and 6 of 9 points) and
medium for one (NOS: 5 of 9 points), whereas the three RCTs were
medium quality (Jadad scale: 3 of 5 points), which was mainly
attributed to the no blind methods.

A total of 446 cases in the treatment group and 238 cases in the
observation group were compared in our meta-analysis. The baseline
patient characteristics of included studies had been carefully evaluated
for potential bias (Table 2). The follow-up periods in all studies were at
least 1-year, ensuring the average age at the time of the reexamination
was 18 years old. Furthermore, the varicocele grades in all studies
were evaluated according to the system of Dubin and Amelar.'” Except
for the one of Shiraishi et al.”® that focused on the grade 1 varicocele,
most studies invested the effects of varicocelectomy on grades 2 and
3 varicoceles.

Of the seven trials, three RCTs'**? and two NRCTs"*!* compared
testis volume outcomes of varicocele side after varicocelectomy with
those without treatment in adolescents (Figure 2). These researches
involved 432 cases (267 to treatment and 165 to observation).
However, the Q statistic P < 0.001, indicating the nonhomogeneity
of the studies (heterogeneity: I* = 92%; P < 0.001). Using the random

Study WMD (95% Cl) % Weight
Laven et al.® (1992) — 390 (157,6.23) 18.40
Yamamoto et al.'" (1995) ———370(1.34,6.06) 1832
Paduch et al.' (1997) — 240 (0.53,4.27) 19.71
Shiraishi et al.'? (2009) —- 470(373,567) 2173

- 0.00 (-0.90, 0.90) 21.85

<> 2.89 (0.57,5.21) 100.00

Moursy et al.'* (2013)

Overall

Heterogeneity: = 92%, P < 0.001

-6 0 6
Favors observation Favors treatment

Figure 2: Forest plot comparing testis volume of varicocele side between
varicocelectomy and observation. The combined testis volume of varicocele
side was improved in the treatment group compared with the observation group.

Study Institution (country) Study Study design Evidence  Study Cases (n)
period level quality -
Treatment Observation

Laven et al.l® University Hospital Utrecht (The Netherlands) - Randomized controlled trial 2b 3* 27 26
Yamamoto et al.!! Nagoya University School of Medicine (Japan) - Randomized controlled trial 2b 3# 29 22
Paduch and Niedzielski'? University School of Medicine (Poland) - Randomized controlled trial 2b 3# 88 36
Shiraishi et al.'3 Yamaguchi University (Japan) 1997-2004 Retrospective case control 3b 7% 10 21
Moursy et al.'* Sohag Faculty of Medicine (Egypt) 2004-2007 Retrospective case control 3b 6* 113 60
Lenzi et al.’® University of Rome (ltaly) - Retrospective case control 3b 5* 19 19
Zampieri et al.'® Multiple Institutions (ltaly and UK) 1999-2000 Retrospective case control 3b 6* 160 54

*Jadad scale (score from O to 5), *Newcastle-Ottawa scale (score from O to 9)
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Table 2: Summary of baseline patient characteristics of comparative studies

Study Group Age, year Varicocele grade (%) Treatment modality Follow-up
(meanzs.d.) (year)
Grade 1 Grade 2 Grade 3

Laven et al.?° Treatment 18.0+0.3 0 18.5 81.5 Transcatheter embolization 1
Observation 18.1+0.3 0 19.2 80.8 -

Yamamoto et al.!! Treatment 18.6+1.5 41.4 55.2 34 High retroperitoneal ligation 1
Observation 18.4+0.5 36.4 59.1 4.5 -

Paduch and Niedzielski? Treatment 16.7+£1.9 0 - - High retroperitoneal ligation 1
Observation 16.5+1.2 0 - - -

Shiraishi et al.'? Treatment 13.0+0.6 100 0 0 Microsurgical varicocelectomy 5
Observation 12.5+0.4 100 0 0 -

Moursy et al.* Treatment 14.4 0 42.5 57.5 Microsurgical varicocelectomy 3
Observation 14.2 0 56.7 43.3 -

Lenzi et al.*® Treatment 14.1+1.6 0 57.9 42.1 High retroperitoneal ligation 2-8
Observation 19.4+1.2 0 57.9 42.1 -

Zampieri et al.*® Treatment 12.0+3.0 0 - - Surgical treatment 4-7
Observation 18.0 0 - - -

s.d.: standard deviation

effect model, the combined difference was 2.9 ml (95% CI: 0.6, 5.2; Study WMD (95% Cl) % Weight

P <0.05), indicating that improvement in effect of varicocelectomy Laven of al® (1992) i = 220020, 460) 18.40

compared to observation was statistically significant. At the same Yamamoto ef 2l (1985) = 170 (080, 4.20) 13.45

time, testis volume outcomes of the healthy side were measured Paduch ef 2l (1967) 4 = 160(041,361) 17.05

and compared between the two groups (Figure 3). And the
significant difference of 1.5 ml (95% CI: 0.3, 2.7; P < 0.05) of
testis volume between varicocele repair and observation had been
cleared after conducting a meta-analysis using the random effect
model (heterogeneity: I* = 68%; P = 0.012).

Furthermore, the following semen parameter variables
were recorded: semen concentration (million ml™), total semen
motility (%), and normal morphology (%). We identified four
trials composed of two RCTs'"!! and two NRCTs,'>!¢ which
respectively reported on semen concentration after varicocele
repair compared to observation (Figure 4). The mean
difference in semen concentration in these studies ranged from
-5.0 to 27.6 million ml™. The Q statistic P = 0.008, indicating
nonhomogeneity of the studies (heterogeneity: I* = 74%; P = 0.008).
The random effect model combined difference in semen concentration
between the two groups was 13.7 million ml™ (95% CI: 1.4, 28.8;
P = 0.075), indicating that postoperative semen concentration in
treatment group did not show significant difference compared with
that in observation group. Four identical trials were analyzed for
reporting on percent total semen motility and normal morphology
after varicocele repair compared to observation (Figures 5 and 6).
The mean difference in total semen motility ranged from — 4.0% to
9.4%. The Q statistic P = 0.015, indicating nonhomogeneity of the
studies (heterogeneity: I> = 71%; P = 0.015). The random effect model
combined difference in total semen motility between the two groups
was 2.5% (95% CI: —3.6, 8.6; P = 0.424). The mean difference in percent
normal morphology ranged from —3.0% to 9.6%. The Q statistic
P =0.023, indicating nonhomogeneity of the studies (heterogeneity:
I> = 68%; P = 0.023). The random effect model combined difference
in percent normal morphology between two groups was 2.9% (95%
CI: -3.0, 8.7; P = 0.336). The results of combined percent total semen
motility and normal morphology, similar to the combined semen
concentration, suggested that the varicocelectomy for adolescents
had no significant improvement on semen parameters compared to
observation cases.
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Figure 3: Forest plot comparing testis volume of healthy side between
varicocelectomy and observation. The combined testis volume of healthy side
was improved in the treatment group compared with the observation group.

DISCUSSION

Prior to our study, there was only one meta-analysis concerning the
effect of varicocelectomy on adolescent varicocele. After comparing
the testis volume before and after surgery, it was revealed the advantage
of surgical treatment on reducing testicular hypotrophy when
the discrepancy is above 10%.* But the authors did not suggested
additional prospective and controlled studies, which were necessary
to elucidate the treatment of adolescents with varicocele. We perform
anew meta-analysis of the available RCTs and NRCTs, suggesting that
varicocelectomy for adolescents may realize the improvement of the
testis volume of both sides, but has no significant improvement effect
on semen parameters compared with observation cases, indicating
routinely treating varicocele in adolescents seems ill-advised.

Until date, there have been no determined parameters that can
predict the future fertility outcomes of adolescents with varicocele.
In a large cohort, Zampieri and Cervellione' observed that all
cases of spontaneous testicular vein reflux caused by varicocele
were associated with testicular hypotrophy. Hence, testis volume
is commonly used as a predictor for assessing whether surgical
management is indicated. Controversy still exists when it comes to
the interrelation between preoperative patient age and postoperative
improvement in testis volume. Cayan et al.” included 39 boys of 11
to 19 years old in their study and found out the mean improvement
in testis volume was statistically significantly higher in boys
younger than 14 years old. In contrast, Decastro et al.” concluded
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Figure 4: Forest plot comparing semen concentration between varicocelectomy
and observation. The combined semen concentration shared no significant
difference between treatment group and observation group.
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Figure 5: Forest plot comparing percent total semen motility between
varicocelectomy and observation. The combined percent total semen motility
shared no significant difference between treatment group and observation group.
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Figure 6: Forest plot comparing percent normal morphology between
varicocelectomy and observation. The combined percent normal morphology
shared no significant difference between treatment group and observation group.

the age at surgery was not significantly associated with subsequent
improvement in testis volume.

However, it should be noted firstly that anywhere from 50%
to 80% of male patients with varicocele never have problems with
fertility,”! and no study has demonstrated a correlation between
loss of testicular volume and later fertility status in adolescents
with varicocele. Secondly, testicular asymmetry in adolescents with
varicocele can worsen, remain unchanged or ameliorate during
follow-ups. Some adolescents with varicocele and considerable
testicular size discrepancy manifest significant testicular “catch-up”
growth during continued physiologic development. Preston et al.**
demonstrated significant catch-up growth (volume differential <20%)
in 7 of 14 patients with a testicular hypotrophy of >20% who were
managed conservatively, suggesting that testis developed at different
rates during adolescence and that prophylactic varicocele repair
might expose many subjects to the unnecessary risks of surgery.
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Kolon et al.* observed similar phenomenon that 71% of testicular
size disproportion (volume differential > 15%) in adolescent
varicocele resolved spontaneously in a 2 years follow-up period.
Finally, although there is often a rapid increase of testis volume in
adolescence after varicocele correction as proved by the selected
studies, it has been theorized that testicular catch-up growth after
varicocelectomy could be edema secondary to severing of lymphatics
during the procedure.” It raises the question whether testis volume
could be applied as a unique or key measure to select adolescent
patients receiving treatment or evaluate the effect of varicocele repair
in adolescents.

Recently, semen parameter as an important measurement to
evaluate the fertility status of varicocele patients has been published.
In a prospective study, Guzick et al.” suggested subfertility for semen
characteristics such as a semen concentration of <13.5 million ml™,
motility <32%, and normal morphology <9%. In addition, they found
that the percentage of normal semen morphology was the most
powerful discriminator between the fertile and infertile populations. In
contrast, Nallella et al.? reported that semen concentration and motility
were superior indicators to the percentage of normal morphology
for differentiating between fertile and infertile men. Furthermore,
Bonde et al.”” found that the probability of conception increased with
an increasing semen concentration up to 40.0 million ml™. Despite
the different ranges proposed for various semen characteristics to
distinguish between fertile and infertile men, a common observation
in all the above-mentioned studies was that better pregnancy outcomes
were associated with better semen parameters. So in this study the
combined semen parameters including semen concentration, total
semen motility, and normal morphology were reasonable to evaluate
the effect of varicocele repair on adolescent patients. Thus, our study
showed that varicocelectomy improved bilateral testis volume in
adolescents with varicocele compared with observation cases, while it
might not help increasing their future chance of paternity in that semen
parameters had no statistically significant difference between two
groups. Recently, the new parameters of evaluating varicocelectomy
outcomes, such as seminal DNA fragmentation index and reactive
oxygen species, may prove useful.” However, the preoperative cut-off
values for these parameters predicting positive varicocelectomy
outcomes or even future fertility are still undetermined, and they also
have their share of criticism.”

When it comes to the sources of heterogeneity of combined
semen parameters, the appropriate length of time required following
varicocelectomy for semen parameters evaluation has not been
well established. This factor was considered by Al Bakri et al.*® who
concluded in their recent study that the best semen quality recovery
occurred after 3 months from surgery and then did not improve
further. Based on the result, the semen samples in the treatment group
were collected at least 1-year after surgery. Furthermore, there has been
no standard for adolescent semen parameters, so all of these studies
awaited semen analysis studies in both treatment and observation
groups till the patients turned 18 years of age. However, due to the
huge span of the years when these selected trials were under way, the
semen parameters were assessed using varying criteria (Laven et al.'®
and Yamamoto et al." based on WHO standard of 1987 while Zampieri
et al.'® based on WHO standard of 1999), which could not be avoided
and might lead to bias. Besides, our meta-analysis included data
from a number of different treatment methods with transcatheter
embolization, high retroperitoneal ligation and microsurgical
varicocelectomy, which were not stratified according to the different
approaches adopted to treat the varicocele. In summary, the trials
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included in the meta-analysis had certain heterogeneity in terms
of patient dropout rates, preoperative varicocele grades, sample
assessment criteria and treatment methods.

Previous meta-analysis and systematic reviews of adolescent
varicocele studies did not include controlled trials, and several
investigators found methodologic defects in these studies that might
lead to the biased results.>*' RCT studies allow a more unbiased
analysis of the effects of varicocele repair on testis volume and semen
parameters, but the available number of prospective RCTs that
evaluate the effect of varicocele repair on adolescent later infertility
has been limited. One possible reason is associated with the difficulty
in enrollment, considering patients refusing to be randomized to the
no-treatment group. Except the study from Paduch and Niedzielski,'
which used a postponement-of-treatment design. In their trial,
boys assigned to the treatment group were scheduled to undergo
varicoceletomy at the earliest possible date and controls were scheduled
for surgery more than 12 months after study entry, and only data
from the period before treatment in the controls had been included.
Perhaps, there is also a publication bias in series that are available
and referenced in published literature. Because only a few available
RCTs met our inclusion criteria, combining the data from NRCT and
RCTs was considered the only way of reaching a logical conclusion,
although it might be controversial to some. Otherwise, in this study
there is another limitation of no meta-analysis about the differential
change of semen parameter between pre- and post-operation because of
limited data. Of note, Laven et al.!° and Yamamoto et al.'' have referred
to improving postoperative sperm concentration compared with
preoperation. However, even after 1-year follow-up in both studies,
there was no differential semen parameter between untreated group
and healthy control. The above outcome further suggests that only
observation without surgery will not deteriorate the semen parameter
in adolescents with varicocele.

Generally, it seems that the varicocelectomy in adolescents may
have improvement effect on testis volume compared to the observation
group, but is not associated with improvement in semen concentration
as well as total semen motility and normal morphology. However,
there is still insufficient evidence at present to demonstrate a beneficial
effect of varicocele repair in adolescents on their future spontaneous
pregnancy rates, and the mere presence of a varicocele is insufficient
to recommend repair treatment. The need persists for well-planned,
properly conducted RCTs to explore the optimal selection criteria for
intervention in the adolescents who will have subsequent problems
with fertility, which can avoid unnecessary operation complications
caused by overtreatment, and can save medical resources and increase
economic efficiency.
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