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Introduction. Varicocele is recognized as the most prevalent and treatable factor contributing to both primary (PI) and
secondary (SI) male infertility. This condition has been widely studied due to its impact on fertility, and varicocelectomy
is a commonly employed surgical intervention aimed at improving reproductive outcomes.

Objectives. The purpose of this study was to evaluate and compare the effectiveness of varicocelectomy in men with
primary and secondary infertility, focusing on changes in semen parameters post-surgery.

Materials and Methods. This prospective single center study included men diagnosed with PI (n =22) and SI (n = 28),
who underwent varicocelectomy at the Republican Specialized Scientific-Practical Medical Center of Urology between
January 2021 and December 2022. Semen parameters before and after varicocelectomy were assessed in accordance
with the WHO 5th (2010) and 6th (2021) manuals.

Results. Ouranalysisdemonstrated that patientsin groupIweresignificantlyyounger(p<0.001)andexperiencedashorter
infertility duration (p < 0.01) compared to those in group II. Key semen parameters showed notable improvement in
group I; for instance, sperm concentration rose by 50 %, from 62.2 + 8.7 to 93.5 + 10.0 M/ml, while total motile sperm
countincreased by 113 %, from 76.7 + 17.1t0 163.4+ 27.8 M (p <0.05). In contrast, group I showed a significant increase
only in the percentage of progressive motile sperm (up by 107 %, from 13.5 + 2.6 to 28.0 + 5.2 %, p < 0.05). A notable
distinction was observed in the improvement of total motile sperm count between groups I and II (113 % vs. 74 %,
respectively, p < 0.01). Additionally, a difference was identified between the groups in the correlation coefficient (r) for
the initial and post-surgery percentages of progressive motile sperm.

Conclusions. Patients with SI presented with a higher mean age and longer infertility duration than those with PI.
Varicocelectomy led to significant improvements in key semen parameters in patients with PI, whereas for patients
with SI, the procedure primarily enhanced only the percentage of progressive motile sperm. These findings indicate
that the type of infertility may influence the effectiveness of varicocelectomy, but only in the context of differences
in age and duration of infertility between these groups.
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BeepeHue. Bapukouene sBnsietcs Hambonee pacnpocTpaHeHHO! 1 NOAAAIOWENCS NeYEeHUI0 TPUYNHON KaK NepBUYHOTO
(NB), Tak u BTopuuHoro (BB) myxckoro 6ecnnoauns. YuntbiBas ero BiusHue Ha hepTUAbHOCTb, BapuUKoLeNe A0 CUX NOp
WMPOKO WU3YyYaeTcs, U BAPUKOLLENIKTOMUSA YACTO UCMONb3YeTCH KaK XUPYPruyecKoe pelleHne ans ynyyleHus penpopyk-
TUBHbIX NOKa3aTeneil.
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Llenb uccneposanusa. Llenb faHHOro nccnefoBaHNs 3akno4anach B OLEHKe U CPpaBHEHUN IPPEKTUBHOCTM BapuKoLie-
naktomMun y myxuuH ¢ Mb v Bb ¢ akLeHTOM Ha M3MeHeHMA NapamMeTpoB CrepMbl NOCe onepaLum.

Marepuanbl U MeToAbl. B npocnekTUBHOE OAHOLEHTPOBOE UCCNEf0BaHUE BbINM BKTIOYEHBI MYXUNHBI C AnarHosom b
(rpynna 1, n = 22) u Bb (rpynna 2, n = 28), npolwepiine BapuKOLEN3KTOMUIO B Pecny6ivKaHCKOM cneLuanu3upoBaHHOM
HAYYHO-NPAKTUYECKOM MELULIMHCKOM LiEHTpE yposoruu ¢ aHeaps 2021 r. no gekabpb 2022 r. MapameTtpbl cniepMms o 1 no-
/e BapuUKOLLEN3KTOMUM ObIAN NPoaHaNU3MpoBaHbl B COOTBETCTBUM ¢ 5-M (2010 T.) u 6-M (2021 r.) pykoBoacTBamu BO3.
Pe3ynbratbl. AHanu3 nokasan, 4To nauueHTbl B rpynne 1 6binu 3HauuTenbHO Moaoxe (p < 0,001) U MMeNU MeHblUyto Npo-
BOMKUTENbHOCTb Gecnnopus (p < 0,01), yem nayueHTsl B rpynne 2. B rpynne 1 ocHOBHbIE NapaMeTpbl CNEepMbl 3HAUNUTENb-
HO YAVYLWIMANCH; HANPUMEP, KOHLEHTPALIMA CNEepMaTo30MA0B yBenuyunach Ha 50 % ¢ 62,2 + 8,7 no 93,5 + 10,0 maH/m,
a 06lyee KONNYECTBO MOABUKHBIX CNEPMATO30M0B BO3POCno Ha 113 % ¢ 76,7 + 17,1 o 163,4 + 27,8 mnH (p < 0,05). B 10
BpEeMs KaK B rpynne 2 3HaYUTENbHOE yAyylleHre Habno[anoch TONbKO B MPOLLEHTE MPOrPeCCUBHO NOABUMKHBIX CNepMa-
10301708 (Ha 107 % ¢ 13,5 + 2,6 % po 28,0 + 5,2 %, p < 0,05). 3amMeTHoe pa3nuyue ObIN0 BbIABNEHO B yNyylieHN 06Lero
KONNYeCcTBa NOJBMKHbBIX CepMaTo301aoB Mexay rpynnamu 1 v 2 (113 % npotus 74 % cooTBETCTBEHHO, p < 0,01). Takxke
0TMeYeHo pasznunyve B Ko3dhuLneHTe Koppenaumumn (r) Mexay HayanbHbIMKU U NOCIEONepaLMOHHbIMU NPOLEHTAMM NpPo-
rPeCCUBHO MOABUXHbIX CNEPMATO30MA0B MEXAY rpynnamu.

3aknioyeHue. Y nauneHToB ¢ Bb 6bin Bbile cpefHuit BO3pacT 1 Gonee [ANTENbHbINA Nepuod 6ecniofus no cpaBHEHUID
¢ naunenTamu c MNb. BapukoLenakTomus npuBena K 3Ha4nTeNbHbIM YyYLIEHNAM OCHOBHbIX NAapaMeTpOoB CNepMbl y NaLu-
eHToB ¢ [1b, Toraa kak y nauneHToB ¢ Bb npoueaypa B OCHOBHOM y/ly4LWnAa TONbKO MPOLEHT MPOrpecCUBHO NOABUMKHbIX
CNepMaTo301AoB. ITv pe3ynbTaThl YKa3blBAKOT Ha TO, YTO TUN GECNIOAUSA MOXKET BUATb Ha 3 (EKTUBHOCTb BapUKOLLENIK-
TOMUU, HO TOJIbKO B KOHTEKCTE Pa3fnymii B BO3pacTe U ANUTENLHOCTM GECNN0ANs MEXAY STUMU rpynnamu.

KntoueBble cnoBa: BapuKoLene, BapUKOLENIKTOMUS, aHANN3 CIEPMbl, NEPBUYHOE MYKCKOe GECnOfNe, BTOPUYHOE MYXK-
cKoe becnnogue
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Introduction

In recent years, growing attention has been focused
on uncovering the underlying causes of male infertility,
with varicocele identified as a major, treatable factor
contributing to both primary and secondary infertility.
As a result, varicocele repair remains one of the most
commonly performed surgical procedures for addressing
male reproductive issues [1]. Studies indicate that
varicocele is present in 33—40 % of men with primary
infertility and can be found in up to 81 % of men with
secondary infertility [2].

Recent randomized controlled trials (RCTs) and
meta-analyses have shown that varicocele repair, or
varicocelectomy, in patients with clinical varicocele and
semen abnormalities significantly improves pregnancy
rates and semen quality compared to observation-only
(control) groups [3—6]. Other RCTs, however, have
indicated limited efficacy of varicocelectomy in cases of
subclinical varicocele and normal semen parameters [7].

According to a comprehensive review by Ricardo
Miyaoka and colleagues, microsurgical ligation of the
spermatic cord veins (using inguinal and subinguinal
approaches) is considered the most effective surgical option
for treating clinical varicocele associated with infertility [8].
Teruo Fukuda and his team studied 71 infertile men who
underwent microsurgical varicocelectomy, with semen
analysis performed three times: before the procedure,
and at 3 and 12 months post-surgery. Findings revealed

significant improvement in semen quality three months
after surgery, with no substantial differences between
parameters at the 3- and 12-month follow-ups [9].

In a separate study, Walsh et al. concluded that men
with primary and secondary infertility who have varicocele
may exhibit distinct clinical characteristics, including
differences in semen parameters. In particular, men with
secondary infertility demonstrated significantly higher
sperm concentration [10].

Given these findings, our study aimed to examine initial
semen parameters and the effectiveness of varicocelectomy
in men with primary and secondary infertility, organizing
participants into two separate groups for comparison.

Materials and methods

Ethics Approval and Informed Consent Statements

The Institutional Review Board of the Republican
Specialized Scientific-Practical Medical Center of Urology
approved the data collection and analysis for this study
(Protocol Ne 8/21, dated January 25, 2021). All procedures
followed the ethical principles of the Declaration of
Helsinki and adhered to Good Clinical Practice guidelines.
A total of 50 patients who provided written informed
consent were included in the final analysis.

Study Design
This prospective, single-center study assessed key
semen parameters, including semen volume (ml), sperm
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concentration (million/ml), total sperm count (million),
percentage of progressively motile sperm, total
motility (%), and total motile sperm count (TMC), in
accordance with the 5™ and 6™ WHO manuals for semen
analysis examination [11, 12]. The presence of varicocele
was confirmed through visual inspection, palpation, and
Doppler ultrasound of the testis, classified based on the
2000 WHO grading system for varicocele (subclinical,
grades I, I1, and I1I) [13].

Patients
The study included participants based on specific
inclusion and exclusion criteria.

Inclusion criteria:

. Patients who underwent semen analysis before and
3—6 months after varicocelectomy.

. Presence of at least one abnormal semen parameter.

. Clinical varicocele diagnosis (grades I—III).

. Patients with a history of unsuccessful conception
attempts in their partners for 12 months or longer.

Exclusion criteria:

. Patients diagnosed with azoospermia or normozoo-
spermia.

. Patients with infertility due to causes other than
varicocele.

Based on these criteria, men with primary infertility
(PI) (» = 22) and secondary infertility (SI) (» = 28) who
underwent varicocelectomy at the Republican Specialized
Scientific Practical Medical Center of Urology between
January 2021 and December 2022 were included in the
study. Participants were divided into two groups: 22 men
with PI (ages 21 to 33) formed group I, and 28 men with SI
(ages 24 to 46) formed group II.

Intervention (Procedure)

All patients underwent microsurgical subinguinal or
inguinal varicocelectomy, performed by experienced
surgeons. In the subinguinal approach, a 2—4 c¢m incision
was made below the external inguinal ring, while in the
inguinal method, the incision was made above the inguinal
canal. The spermatic cord was isolated, with veins carefully
separated from arteries, lymphatic vessels, and the vas
deferens, and ligated under high magnification using
surgical loupes or a microscope.

Statistics

Statistical analysis was performed using MS Office
Excel 2019. All numerical data were presented as mean
standard deviation (SD). The significance of differences
between group means was tested using Student’s 7-test, with
significance considered at p < 0.05. Pearson’s correlation
coefficient (r) was applied to assess correlations between
variables.
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Results

The analysis demonstrated that the mean age of patients
in group I was significantly lower compared to those in
group II (p < 0.001), indicating that men with primary
infertility tend to be younger than those with secondary
infertility. Additionally, the mean duration of infertility
in group I was notably shorter than in group II (p < 0.01),
suggesting a more prolonged period of infertility among
patients with secondary infertility. These differences in age
and duration of infertility between the two groups highlight
the potential influence of age and infertility duration on
treatment outcomes (see Table 1 for detailed statistics).

Furthermore, the majority of patients in this study
were diagnosed with left-sided varicocele, with 43 out of
50 patients (86 %) exhibiting this condition. Left-sided
varicocele is generally more common due to anatomical
differences in venous drainage, which may contribute to
higher susceptibility in the left testis. This predominance of
left-sided varicocele across the sample aligns with findings
in previous studies, which report a similar distribution
pattern (Table 1).

In terms of body mass index (BMI), the analysis
showed varied distributions across the patient group.
A total of 18 patients (36 %) had a BMI slightly above the
normal range (25.0—30.0), classifying them as pre-obese.
Another 9 patients (18 %) had a BMI significantly above
the normal range (> 30.0), which qualified them as obese.
Meanwhile, 23 patients (46 %) had a BMI within the
normal range (18.5—25.0), indicating a healthy weight [14].
Consequently, over half of the patients (27 out of 50,
or 54 %) fell into either the pre-obese or obese categories.

The following table (Table 2) presents a statistical
comparison of the primary semen parameters of patients in
bothgroupspriortosurgery. Thisbaselineassessmentincludes
parameters such as semen volume, sperm concentration,
total sperm count, percentage of progressively motile
sperm, total motility, and total motile sperm count. These
values were crucial for evaluating the initial reproductive
health of the patients and for later assessing the impact of
varicocelectomy across the two groups.

As shown in Table 2, no statistically significant
differences were observed in the initial semen parameters
between the two groups. This lack of significant variation
suggests that both groups had comparable baseline semen
characteristics, allowing for a more reliable comparison of
varicocelectomy outcomes.

Table 3 presents the preoperative and postoperative
semen parameters for both groups, enabling a thorough
evaluation of varicocelectomy efficacy. This table facilitates
comparison not only of changes within each group before
and after the procedure but also between the groups.
By examining these parameters postoperatively, we aim
to assess the improvements in semen quality attributable
to varicocelectomy and determine if the outcomes differ
based on the type of infertility (primary vs. secondary).
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Table 1. Key features of group of patients

First 274406 1,7 81.2 268 2001 - 2090 8(29) 19(68) 1(3) 28.7+4.6
Second  31.0£0.6 1.7 79.9 265 23082 1 45  5(23) 15(68) 2(9) 51.8+56
P <0.001 - - - - - - - - - <0.01
Total - - - —  43B86) 1(2) 6(12) 8(20) 34(68) 3(6) -

* data are given in absolute numbers and in % (in brackets) in relation to the group.
** body mass index.

Table 2. Main preoperative semen parameters of both groups

First 34+0.3 62.2+8.7 213.6 £35.9 11.4+23 30.8 £3.6 76.7 £ 17.1
Second 37103 472+ 8.6 171.9 £33.5 13.5+2.6 35.1+4.6 76.3+19.2
J/ >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Table 3. Assessment of pre- and postsurgical main semen parameters of both groups

First! 34+0.3 62.2+8.7 213.6 £35.9 114£23 30.8 3.6 76.7+17.1
First? 34+0.2 93.5£10.0 341.8 +46.6 20.0£3.1 46.1 £4.5 163.4 +£27.8
P >0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Second 3.7+£0.3 472+ 8.6 171.9 £33.5 13.5+2.6 35.1+4.6 76.3+19.2
Second 39+£0.3 65.7 £ 10.2 246.9 = 40.8 28.0£5.2 46.0 £ 6.0 132.7£31.3
D >0.05 >0.05 >0.05 <0.05 > 0,05 >0.05
ot >0.05 >0.05 >0.05 <0.01 >0.05 <0.01

! preoperative period; ? postoperative period, ’ statistically significant changes; * statistically significant differences between groups.

In the postoperative period, the following average
changes were observed in the semen parameters for both
groups:

also increased but without statistical significance (by
31%,p>0.05).
. Total motile sperm count increased more significantly

. Semen volume remained largely unchanged in both

groups (p > 0.05).
Sperm concentration showed a significant increase in

in group I (113 %, p < 0.01) compared to group II
(74 %, p < 0.05 vs. p > 0.05 respectively).
As shown above, statistically significant differences

group I (by 50 %, p <0.05), while in group 11, the increase
was not statistically significant (by 39 %, p > 0.05).

. Total sperm count rose by 60 % in group I (p < 0.05),
whereas in group 11, this parameter increased by 44 %,
but without statistical significance (p > 0.05).

. The percentage of sperm with progressive motility
increased more substantially in group II (by 107 %,
p < 0.05) than in group I (by 75 %, p < 0.05), with
a significant difference between the groups (p < 0.01).

. Total sperm motility showed a significant rise in group I
(by 50 %, p < 0.05), while in group I, this parameter

emerged between the groups in changes to some
postoperative semen parameters. For patients in group I,
varicocelectomy led to significant improvements across all
semen parameters. In contrast, among patients in group II,
a statistically significant improvement was observed only in
the percentage of sperm with progressive motility, which
showed a greater increase than that in group 1.
Additionally, a notable discrepancy was found between
the groups in the correlation coefficient (r) between initial
and postoperative percentages of sperm with progressive
motility. In group I, there was no correlation (r = —0.02),
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whereas in group II, the correlation was direct and strong
(r = 0.71). Overall, the difference in mean correlation
coefficients between initial and postoperative semen
parameters was not statistically significant (» = 0.4 for
group I and r = 0.5 for group II).

Discussion

Varicocele remains the most common surgically
treatable cause of male infertility. Although substantial
research supports the beneficial impact of varicocele
repair on sperm parameters, the actual effect of surgery on
testicularfunctionisstillamatterofdebate 3,4, 15]. Despite
this uncertainty regarding the precise relationship between
improvements in semen parameters and varicocelectomy,
a meta-analysis of randomized controlled trials (RCTs)
by Agarwal et al. reported significant enhancement in
semen parameters following varicocelectomy [15], which
aligns with our study’s findings. Interestingly, greater
improvements were observed in patients with primary
infertility and varicocele compared to those with secondary
infertility and varicocele, though positive effects were also
noted in the latter group.

Several studies have examined the relationship between
initial semen parameters and the efficacy of varicocele
repair. These reports suggest that men with higher baseline
semen parameters may experience more pronounced
improvements after varicocelectomy [16, 17]. Our study
partially supports this hypothesis, as a moderate association
was found between preoperative and postoperative semen
parameters.

It is also noteworthy that, as some studies indicate, the
average age of men with secondary infertility tends to be
higher, which is consistent with our findings. However, while
these studies report no significant differences in the duration
of infertility between groups, our research identified a
notable disparity in this parameter [ 10, 17, 18]. Additionally,
the aforementioned authors highlight differences in baseline
semen parameters among patients with secondary infertility,
though our analysis found no statistically significant
differences in initial semen characteristics between men
with primary and secondary infertility.

Research by Bozhedomov et al. and others suggests that
varicocele is slightly more prevalent in men with secondary
infertility than in those with primary infertility, with
a small difference of +3.5 % (p < 0.05). They also report
that patients with primary and secondary infertility are of
comparable age, a finding that contrasts with our results [ 1].
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Another ongoing question is the actual influence
of infertility type and other factors on varicocelectomy
outcomes. Some recent studies suggest that infertility type
may adversely impact varicocelectomy success, particularly
in the context of age and infertility duration differences
between patient groups [17]. Other researchers, however,
have concluded that infertility type does not significantly
influence the success of varicocele repair [19—23].

A primary limitation of our study was the relatively small
sample size, which contributed to differences in mean age
and duration of infertility between the two groups. Patients
in the secondary infertility group were generally older and
had a longer history of infertility compared to those in the
primary infertility group. Despite these limitations, the
results still provide valuable insights into the effectiveness of
varicocelectomy for primary and secondary infertility. The
observed improvements, especially in patients with primary
infertility, align with previous research and underscore the
significance of varicocelectomy as a treatment option.
Further studies with larger sample sizes and matched age
and infertility duration across groups are recommended to
clarify these effects and strengthen the findings.

Conclusions

Patients with secondary infertility and varicocele
were older and had a longer infertility duration compared
to those with primary infertility. Varicocelectomy
significantly improved main semen parameters in patients
with primary infertility, while in those with secondary
infertility, only the percentage of progressively motile
sperm showed significant improvement. A positive
correlation was observed between initial semen quality and
varicocelectomy efficacy, with higher baseline parameters
linked to better surgical outcomes. These findings suggest
that the type of infertility may influence the effectiveness of
varicocelectomy, but only in the context of differences in
age and duration of infertility between these groups.
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