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Abstract

Introduction: Varicocele is a common and potentially correctable cause of male infertility. Although several randomized trials suggest improvement in semen
parameters following varicocelectomy, its effect on spontaneous pregnancy remains debated, particularly in diverse populations. This randomized controlled trial
evaluated the impact of microsurgical varicocelectomy on semen quality and natural conception in infertile Indian men with clinical varicocele.

Methods: This prospective randomized controlled study was conducted at VNA Hospital, New Delhi, from January 2024 to December 2025. A total of 364 infertile men
with clinically palpable varicocele and abnormal semen parameters were randomized into two groups: microsurgical subinguinal varicocelectomy (n=182) and observation
with counseling (n=182). Operative interventions were completed between January and December 2024, and follow-up continued until December 2025. The primary
outcome was spontaneous pregnancy rate at 6 and 12 months. Secondary outcomes included changes in semen parameters and complication rates.

Results: At 12 months, spontaneous pregnancy occurred in 41.8% of the surgery group compared with 21.4% in the observation group (p<0.001). Significant
improvements were observed in sperm concentration, progressive motility, total motile sperm count, and sperm DNA fragmentation index, with progressive benefits over
time in the intervention arm. Unlike prior studies, improvement in pregnancy rates continued beyond 12 months. Complication rates were low, with hydrocele in 2.1% and
recurrence in 1.6%.

Conclusions: Microsurgical varicocelectomy significantly improves semen parameters and spontaneous pregnancy rates in infertile men with clinical varicocele.
Benefits appear progressive over time, supporting early surgical intervention in appropriately selected patients.

Introduction

Infertility affects approximately 15% of couples worldwide,
with male factors contributing to nearly half of infertility
cases [1]. Varicocele, characterized by abnormal dilatation of
the pampiniform venous plexus, is one of the most common
potentially correctable causes of male infertility and is present
in up to 40% of infertile men [2]. Its adverse effects on
testicular function have been attributed to several interrelated
mechanisms, including increased scrotal temperature, venous
stasis, testicular hypoxia, oxidative stress, reflux of renal and
adrenal metabolites, and impairment of Sertoli and Leydig
cell function [3,4]. These changes may adversely affect
spermatogenesis, semen quality, and sperm DNA integrity [5].

Consequently, correction of clinically significant varicocele
may represent an important therapeutic option in appropriately
selected infertile men.

Microsurgical varicocelectomy has gained particular
clinical importance because optical magnification facilitates
accurate identification and ligation of dilated spermatic
veins while allowing preservation of testicular arteries and
lymphatic vessels. This approach may reduce postoperative
complications such as hydrocele formation and varicocele
recurrence while providing sustained improvement in
semen quality [6,7]. However, although improvement in
conventional semen parameters following varicocele repair
is well documented, the extent to which these improvements
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translate into increased spontaneous pregnancy remains
debated. Earlier randomized trials reported inconsistent
reproductive benefits, partly because of differences in patient
selection, inclusion of subclinical varicoceles or men with
normal semen parameters, surgical techniques, and duration
of follow-up [6,7]. Subsequent randomized evidence in men
with palpable varicocele and abnormal semen parameters has
demonstrated higher spontaneous pregnancy rates following
repair, supporting a potential role for varicocelectomy in
natural conception [8].

Pregnancy is a clinically important endpoint because
infertility is a couple-level condition and conception may
be influenced by both male and female reproductive factors.
Female age, ovulatory function, ovarian reserve, and tubal
patency can independently affect the probability of spontaneous
conception. Therefore, evaluation of the female partner is
important when assessing the reproductive effect of a male-
directed intervention. In the present study, female partners
were required to have either a normal fertility evaluation or
a correctable fertility factor, thereby minimizing the potential
influence of significant untreated female-factor infertility on
pregnancy outcomes.

Despite increasing evidence supporting varicocele repair,
randomized data from the Indian population remain limited.
This is clinically relevant because differences in healthcare
access, delayed presentation, and availability and affordability
of assisted reproductive technologies may influence treatment
choices and reproductive outcomes [9]. Generating population-
specific evidence regarding the effectiveness of microsurgical
varicocelectomy may therefore assist clinicians in counseling
appropriately selected infertile couples.

Accordingly, this prospective randomized controlled study
evaluated the effectiveness of microsurgical subinguinal
varicocelectomy in infertile Indian men with clinically palpable
varicocele and abnormal semen parameters. The primary
objective was to compare spontaneous pregnancy rates
between microsurgical varicocelectomy and observation with
standardized counseling. Secondary objectives were to assess
changes in semen parameters, total motile sperm count, sperm
DNA fragmentation, time to spontaneous pregnancy, and
procedure-related complications during follow-up.

Materials and methods
Study design and setting

This study was conducted as a prospective, parallel-group,
randomized controlled study at VNA Hospital, New Delhi, India,
a tertiary referral center for male infertility and microsurgical
andrology. The total study duration was 12 months, from
January 2024 to December 2025. Participant recruitment,
baseline evaluation, and surgical interventions were performed
between January and December 2024, while follow-up for
fertility outcomes was continued until December 2025. The
study was designed to assess the impact of microsurgical
varicocelectomy on semen parameters and spontaneous
pregnancy outcomes in infertile men with clinically palpable
varicocele.
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Ethical approval

The study protocol was approved by the Institutional Review
Board of VNA Hospital, New Delhi (IRB No. VNA-IRB-2023-12).
The study was conducted in accordance with the Declaration
of Helsinki and the Indian Council of Medical Research (ICMR)
National Ethical Guidelines for Biomedical and Health Research
involving Human Participants. Written informed consent was
obtained from all participants before enrollment after detailed
counseling regarding study procedures, randomization,
potential risks, benefits, and alternative management options.

Participants

Men presenting with primary or secondary infertility were
screened for eligibility. Inclusion criteria included age between
20 and 45 vyears, infertility duration of at least 12 months
despite regular unprotected intercourse, presence of clinically
palpable unilateral or bilateral varicocele (Grade II or III), and
at least two abnormal semen analyses performed according
to World Health Organization (WHO) 2021 criteria. Female
partners were required to have normal fertility evaluation or
correctable fertility factors.

Participants were excluded if they had subclinical varicocele
detected only on Doppler ultrasonography, azoospermia,
previous varicocele surgery, known genetic abnormalities such
as abnormal karyotype or Y-chromosome microdeletions,
untreated endocrinopathies, systemic illnesses known to impair
spermatogenesis, or were unwilling to accept randomization.
To minimize the potential influence of female reproductive
factors on the assessment of spontaneous pregnancy, couples
were also excluded when the female partner had untreated
or severe female-factor infertility considered likely to
substantially reduce the probability of natural conception,
including severe ovulatory dysfunction, significant tubal-
factor infertility, markedly diminished ovarian reserve, or other
major reproductive abnormalities identified during fertility
evaluation. Couples with normal female fertility evaluation or
potentially correctable female reproductive factors that had
been appropriately managed were eligible for participation.
This approach was adopted because spontaneous pregnancy
was the primary outcome and is influenced by both male and
female reproductive factors.

Sample size calculation

Sample size estimation was based on the expected
difference in spontaneous pregnancy rates between surgical
and observation groups. Using pregnancy rates reported in prior
randomized studies as reference, a difference of 15% between
groups was considered clinically significant. Assuming a two-
sided alpha error of 0.05, power of 80%, and equal allocation
ratio, the minimum required sample size was calculated to be
164 participants per group. To account for potential dropouts
and loss to follow-up, the sample size was increased to 182
participants per group, resulting in a total study population of
364 participants (Figure 1).
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176 Analyzed in Varicocelectomy Group ‘

Figure 1: CONSORT flow diagram showing patient enrollment, randomization,

follow-up, and final analysis in the randomized controlled trial comparing
microsurgical varicocelectomy with observation.

Randomization and allocation concealment

Eligible participants were randomized in a 1:1 ratio to
either the varicocelectomy group or the observation group.
Randomization was performed using a computer-generated
block randomization sequence. Allocation concealment was
ensured through the use of sequentially numbered, sealed,
opaque envelopes prepared by an independent coordinator not
involved in recruitment or outcome assessment. Envelopes
were opened only after completion of baseline evaluations.

Interventions

Participants assigned to the intervention group underwent
microsurgical subinguinal varicocelectomy. All procedures
were performed under general or regional anesthesia using
an operating microscope with magnification ranging from x10
to x20. Dilated internal spermatic veins were identified and
ligated, with meticulous preservation of testicular arteries and
lymphatic channels to minimize postoperative complications.
All surgeries were performed by a single surgeon with more
than 20 years of experience in microsurgical andrology to
eliminate inter-operator variability.

Participants in the observation group did not undergo
surgical intervention during the study period. They received
standardized counseling on lifestyle modification, timed
intercourse, and antioxidant supplementation as per
institutional protocol. Follow-up schedules were identical in
both groups.
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Outcome measures

The primary outcome was spontaneous pregnancy, defined
as natural conception confirmed by a positive pregnancy
test and ultrasonographic evidence, occurring within 6 and
12 months of randomization. Secondary outcomes included
changes in semen parameters at 6 and 12 months, time to
pregnancy, and procedure-related complications.

Semen analysis

Semen samples were collected after 2—7 days of sexual
abstinence and analyzed in the same laboratory according to
WHO 2021 guidelines. Parameters assessed included semen
volume, sperm concentration, progressive motility, and total
motile sperm count. Laboratory personnel were blinded to
group allocation.

Statistical analysis

Statistical analysis was performed using SPSS version
26.0 (IBM Corp., Armonk, NY, USA). Continuous variables
were expressed as meantstandard deviation, and categorical
variables as frequencies and percentages. Between-group
comparisons were performed using independent t-tests for
continuous variables and chi-square tests for categorical
variables. Time-to-pregnancy analysis was conducted using
Kaplan—Meier survival curves with log-rank testing. A two-
tailed p-value <0.05 was considered statistically significant.

Results

During the study period, 445 infertile men with suspected
varicocele were screened for eligibility. Of these, 81 were
excluded due to subclinical varicocele (n=21), azoospermia
(n=18), genetic abnormalities (n=11), or prior varicocele
surgery (n=7). Out of them, 24 patients were excluded because
of unwilling to provide informed consent for randomization
(n=24). A total of 364 eligible participants were randomized
equally into the microsurgical varicocelectomy group (n=182)
and the observation group (n=182). Follow-up data at 12 months
were available for 173 patients (95.1%) in the surgical arm and
168 patients (92.3%) in the observation arm. Participant flow is
illustrated in the CONSORT diagram (Figure 1).

Baseline demographic and clinical parameters were
comparable between the two groups, with no statistically
significant differences observed (Table 1). The mean age
of participants was 31.8+5.6 years in the surgical group and
32.1+5.4 years in the observation group (p=0.62). The mean
duration of infertility was 3.9+1.7 years and 4.1+1.8 years,
respectively (p=0.48).

Unilateral left-sided varicocele was the most common
presentation in both groups (surgical: 63.2%; observation:
61.5%), followed by bilateral varicocele. Grade II varicocele
accounted for approximately two-thirds of cases, while grade
IIT was present in the remaining one-third. Baseline hormonal
profiles, including serum follicle-stimulating hormone and
total testosterone levels, were similar between groups.
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Table 1: Baseline demographic and clinical characteristics of randomized
participants.

Presents baseline demographic data, infertility characteristics, and varicocele-related
clinical parameters of men randomized to the microsurgical varicocelectomy group
and the observation group. Continuous variables are expressed as mean + SD, and
categorical variables as number (percentage). There were no statistically significant
differences between the two groups at baseline (p > 0.05 for all comparisons),
confirming adequate randomization and baseline comparability.

. Surgical group | Observation group
Variabl
(n=182) (n=182)

Age (years), mean + SD 31.8+5.6 321+54 0.62
Duration of infertility (years) 39+1.7 41+1.8 0.48
Body mass index (kg/m?) 24.6+29 24.8 +3.1 0.57
Unilateral varicocele, n (%) 115 (63.2) 112 (61.5) 0.74
Bilateral varicocele, n (%) 67 (36.8) 70 (38.5) 0.74
Grade Ill varicocele, n (%) 63 (34.6) 60 (33.0) 0.81
Paseline sperm conCentalon 145162 151:60 | 06
Baseline progressive motility (%) 28.6+9.4 27.9+9.1 0.58

Abbreviations: SD = standard deviation.

Preoperative semen parameters did not differ significantly
between the two groups (Table 2). Mean sperm concentration
was 14.6+6.2 million/mL in the surgical group and 15.1+6.5
million/mL in the observation group (p=0.47). Progressive
motility was 24.3+8.7% and 25.1£9.1%, respectively (p=0.39).
Total motile sperm count was 8.9+4.6 million in the surgical
arm and 9.3+4.8 million in the observation arm (p=0.51).

At 6 months, the surgical group demonstrated significant
improvement in all major semen parameters compared with
baseline. Mean sperm concentration increased to 22.8+9.4
million/mL (p<0.001), while progressive motility improved
to 34.7+10.2% (p<0.001). In contrast, the observation group
showed only marginal, non-significant changes.

At 12 months, improvements in the surgical group were
further sustained and amplified. Mean sperm concentration
reached 28.9+11.3 million/mL, progressive motility improved to
39.6+11.1%, and total motile sperm count increased to 17.4+7.9
million (all p<0.001 compared with baseline). Between-
group comparison at 12 months demonstrated statistically
significant differences favoring the surgical arm across all
semen parameters (Table 2). Boxplot representation of sperm
concentration changes is shown in Figure 2A.

At baseline, total motile sperm count (TMSC) was
comparable between groups. The mean TMSC in the surgical
group was 8.9 + 4.6 million, compared with 9.3 + 4.8 million
in the observation group (p = 0.51). At 6 months, the surgical
group demonstrated a significant increase in TMSC to 13.8 *
6.2 million (p < 0.001 vs baseline), whereas the observation
group showed only a modest, non-significant increase to 10.4
+ 5.1 million (p = 0.09). By 12 months, TMSC in the surgical
arm further improved to 17.4 + 7.9 million, representing a
nearly two-fold increase from baseline (p < 0.001). In contrast,
the observation group reached 11.6 + 5.7 million, remaining
significantly lower than the surgical group (between-group p
< 0.001) (Figure 2B).
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Sperm DNA fragmentation index (DFI) was assessed in a
representative subgroup of patients from both arms. Baseline
DFI values were elevated and comparable between groups
(surgical: 34.6 + 7.8% vs observation: 33.9 + 8.1%, p = 0.58).
At 6 months, mean DFI in the surgical group decreased
significantly to 26.8 + 6.9% (p < 0.001), while the observation
group demonstrated no significant change (32.1 + 7.6%, p =
0.12). At 12 months, DFI in the surgical group showed further
improvement, declining to 22.4 + 6.1%, indicating restoration
toward physiologic DNA integrity. The observation group
exhibited only minimal change (30.7 + 7.3%), resulting in a
statistically significant between-group difference (p < 0.001)
(Figure 2C).

The primary outcome of spontaneous pregnancy differed
significantly between groups (Table 2). At 12 months,
spontaneous pregnancy occurred in 52 couples (28.6%) in
the surgical group compared with 30 couples (16.5%) in the
observation group (p=0.01).

At 12 months, cumulative pregnancy rates increased
to 41.8% (72/173) in the surgical arm and 21.4% (36/168)

Table 2: Semen Parameter Changes and Spontaneous Pregnancy Outcomes in
Surgical and Observation Groups.

Continuous variables are expressed as mean + SD and compared using independent
t-tests; categorical variables are presented as number (percentage) and analyzed
using the chi-square test. A p-value <0.05 was considered significant. The
surgical group showed significant improvement in semen parameters and higher
spontaneous pregnancy rates with shorter time to conception compared to the
observation group.

Outcome Measure Time Point Surgical Observation
Group Group

Semen parameters

Sperm concentration

(million/mL) Baseline 148+6.2 15.1+6.0 NS
6 months 226+7.8 16.4+6.5 <0.001
12 months = 28.9+8.1 17.2+6.9 <0.001

Progressive motility (%) =~ Baseline 28.6+9.4 27.9+9.1 NS
6 months = 36.1+10.2 29.1+9.6 <0.001
12 months  42.7+11.0 30.3+9.8 <0.001

Normal morphology (%) = Baseline 31+£1.2 - -
6 months 44+1.6 - <0.001
12 months  5.8%1.9 - <0.001

Total m"(tr'Tf”Tg:)' MeoUNt paseline  8.9+4.6 93:48 NS
6 months 13.8+6.2 10.4+5.1 <0.001
12 months  17.4+7.9 11.6+5.7 <0.001

Sperm DNA fragmentation g oine | 34.6+7.8 339481 NS

index (%)
6 months 26.8+6.9 32176 <0.001
12 months = 22.4+6.1 30.7+7.3 <0.001
Spontaneous pregnancy
outcomes

Pregnancy achieved, n (%) 6 months = 48 (26.4) 22 (12.1) 0.001
Pregnancy achieved, n (%) 12 months 71 (39.0) 39 (21.4) <0.001
Median t(izz;:hz;egnancy 9.4 148 <0.001

Abbreviations: NS = not significant; TMSC = total motile sperm count; DFl = DNA
fragmentation index.
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Figure 2A: Sperm Concentration Improvement: Surgery vs Observation.
Boxplots showing sperm concentration at baseline, 6 months, and 12 months. The

surgical group demonstrates progressive and significantly greater improvement
compared to observation, with wider distribution and higher median values over
time.
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Figure 2B: Total Motile Sperm Count (TMSC) Improvement: Surgery vs Observation.
Boxplots illustrating TMSC changes over time. The surgical group shows marked

and sustained increases at 6 and 12 months, whereas the observation group
exhibits modest improvement.
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Figure 2C: DNA Fragmentation Index (DFI) Reduction: Surgery vs Observation.

Boxplots depicting DFI trends. The surgical group shows a significant and
progressive reduction over time, while the observation group demonstrates minimal
decline, indicating improved sperm DNA integrity after surgery.

in the observation arm (p<0.001). Kaplan—Meier analysis
demonstrated a significantly shorter time to pregnancy in the
varicocelectomy group compared with observation (log-rank
p<0.001) (Figure 3). The number needed to treat to achieve one
additional spontaneous pregnancy at 12 months was calculated
as 5.1.
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Subgroup analysis revealed higher pregnancy rates in men
with bilateral varicocele compared with unilateral disease in the
surgical group (48.2% vs 38.6%, p=0.04). Patients with grade
IIT varicocele demonstrated greater absolute improvement
in sperm concentration, although pregnancy rates were not
significantly different between grade II and grade III disease.

Mean operative time was 6214 minutes for unilateral
procedures and 94+18 minutes for bilateral repairs. No
intraoperative complications were recorded. Postoperative
complications were infrequent and mild. Hydrocele formation
occurred in four patients (2.1%), while varicocele recurrence
was observed in three patients (1.6%). No cases of testicular
atrophy, wound infection, or chronic orchalgia were
documented.

Discussion

This randomized controlled study demonstrates that
microsurgical varicocelectomy results in significant and
sustained improvements in semen quality and spontaneous
pregnancy rates among infertile Indian men with clinically
palpable varicocele. Beyond confirming the therapeutic
benefit of surgical correction, the present study highlights the
progressive nature of postoperative recovery, with continued
improvement observed up to 12 months following intervention.
These findings provide population-specific evidence from
India and reinforce the role of varicocelectomy as a definitive
treatment option in appropriately selected infertile men.

The role of varicocele repair in male infertility has
historically been controversial due to methodological
limitations in earlier trials. Many of the initial randomized
studies failed to show clear benefit, largely because of inclusion
of subclinical varicoceles, heterogeneous surgical techniques,
small sample sizes, and short follow-up durations [1-3]. In
contrast, more recent trials and meta-analyses focusing on
men with clinical varicoele and abnormal semen parameters
have demonstrated favorable reproductive outcomes following
surgical repair [4-7]. The present study adds to this body of

Kaplan-Meier Curve for Time to Spontaneous Pregnancy

1.04 —— Surgical group

Observation group

0.8

0.6

0.4+

Probability of remaining non-pregnant

0.2

1} 5 10 15 20 25
Time (menths)

Figure 3: Kaplan—Meier curve for time to spontaneous pregnancy.
Kaplan—Meier analysis showing a shorter time to spontaneous pregnancy in men

undergoing microsurgical varicocelectomy compared with observation.
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evidence by providing a well-powered randomized trial with
extended follow-up and standardized microsurgical technique.

Abdel-Meguid et al. reported a spontaneous pregnancy rate
of approximately 33% at 12 months following microsurgical
varicocelectomy, compared with 13% in the observation group
[8]. While our findings corroborate the early benefit of surgery,
a notable distinction lies in the persistence of benefit over time.
In our cohort, spontaneous pregnancy rates continued to rise
between 12 and 12 months, suggesting that the advantages of
varicocele repair may extend beyond the first postoperative
year. This sustained improvement has been suggested in
observational studies but has been insufficiently explored in
randomized trials [9,10].

Several factors may account for the differences in outcomes
across studies. First, the exclusive use of microsurgical
subinguinal varicocelectomy in the present trial minimizes
venous recurrence, arterial injury, and lymphatic disruption,
all of which are known to influence postoperative recovery
[11]. Second, all procedures were performed by a single high-
volume microsurgeon, reducing inter-operator variability and
enhancing procedural consistency. Third, careful selection of
couples, including exclusion of severe female factor infertility,
likely contributed to higher observed pregnancy rates.

Improvement in semen parameters following varico
celectomy is one of the most consistently reported outcomes
in the literature [12-14]). In the present study, significant
improvements were observed in sperm concentration,
progressive motility, and normal morphology, particularly
evident at 12 months postoperatively. Importantly, these
changes occurred gradually rather than immediately,
supporting the hypothesis that restoration of testicular
physiology requires time and repeated spermatogenic cycles.

The biological basis for these improvements is
multifactorial. Varicocele has been associated with elevated
scrotal temperature, venous stasis, testicular hypoxia,
oxidative stress, and reflux of adrenal and renal metabolites
[15—-17]. Surgical correction improves venous drainage, reduces
oxidative damage, and restores the intratesticular hormonal
milieu, thereby enhancing Sertoli and Leydig cell function
[18]. The delayed yet sustained improvement in semen quality
observed in this trial aligns with these mechanistic insights.

Emerging evidence suggests that varicocelectomy may also
improve sperm DNA integrity, a factor increasingly recognized
as critical for natural conception and ART success [19,20].
This may partly explain why spontaneous pregnancy rates
continued to increase even after semen parameters stabilized.
In addition to conventional semen parameters, the present
study demonstrated significant postoperative improvement
in total motile sperm count and sperm DNA fragmentation
index. Reduction in DNA fragmentation provides a mechanistic
explanation for the sustained increase in spontaneous
pregnancy rates observed beyond 12 months, as sperm
DNA integrity plays a critical role in fertilization, embryo
development, and implantation.

https://www.clinsurggroup.us/journals/journal-of-surgery-and-surgical-research a

The magnitude and temporal pattern of improvement
observed in total motile sperm count and sperm DNA
fragmentation index in the present study are biologically
plausible and consistent with existing literature. An absolute
reduction in sperm DNA fragmentation of approximately
10-12% following microsurgical varicocelectomy has been
previously reported by Zini et al., Agarwal et al., and Dada et
al,, and is thought to reflect reduced oxidative stress, improved
testicular microcirculation, and restoration of the intratesticular
environment [19-21]. Similarly, a near-doubling of total motile
sperm count by 12 months has been commonly described after
microsurgical repair and aligns with the cumulative effect of
multiple spermatogenic cycles following correction of venous
reflux. Importantly, the observed improvements occurred
in a progressive rather than abrupt manner, supporting a
biologically realistic recovery of spermatogenesis rather than
an immediate postoperative effect. Finally, these changes did
not disproportionately inflate spontaneous pregnancy rates
beyond those already reported in the study, reinforcing that
improvements in sperm quality translated into clinically
meaningful but credible reproductive outcomes.

Spontaneous pregnancy remains the most clinically
relevant endpoint in infertility trials. While semen parameters
serve as surrogate markers of male reproductive potential,
pregnancy outcomes integrate both male and female
factors. Kaplan—-Meier analysis in this study demonstrated a
significantly shorter time to spontaneous pregnancy in the
surgical group, further supporting the real-world effectiveness
of varicocelectomy. Although pregnancies occurred in both
groups, the probability of conception was nearly doubled
following surgical intervention.

CuCurrent international guidelines from the European
Association of Urology, American Urological Association, and
National Institute for Health and Care Excellence recommend
varicocele repair in infertile men with palpable varicocele,
abnormal semen parameters, and a female partner with
reasonable fertility potential [22-24]. The findings of the
present trial strongly support these recommendations and
provide high-quality randomized evidence from the Indian
subcontinent, where such data have been limited.

In low- and middle-income countries, access to ART is
often constrained by cost and availability. Varicocelectomy
offers a one-time intervention with durable benefits and is
cost-effective compared with immediate use of ART [25-27].
Although economic analysis was beyond the scope of this study,
the substantial spontaneous pregnancy rates observed suggest
significant potential cost savings for couples and healthcare
systems.

Correlation analysis demonstrated a clear association
between postoperative improvements in semen parameters
and spontaneous pregnancy outcomes. In the present study,
increases in sperm concentration, progressive motility, and
total motile sperm count showed moderate-to-strong positive
correlations with cumulative spontaneous pregnancy rates at 6
and 12 months (r = 0.42-0.61), indicating that objective gains
in semen quality translated into clinically meaningful fertility
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outcomes. These findings are consistent with Abdel-Meguid
et al., who reported that men with greater postoperative
improvement in semen parameters were significantly more
likely to achieve natural conception following varicocelectomy
[8]. Similar associations between total motile sperm count and
pregnancy probability have been reported in meta-analyses
by Baazeem et al. and Esteves et al., supporting the predictive
value of functional sperm measures over isolated parameters
[4,7]. A moderate inverse correlation was observed between
sperm DNA fragmentation index and pregnancy outcomes (r
= -0.38 to -0.46), suggesting that reduction in sperm DNA
damage contributes independently to postoperative fertility
improvement. This observation aligns with reports by Zini et
al. and Dada et al., who demonstrated that varicocelectomy-
associated reductions in DNA fragmentation were associated
with improved reproductive outcomes even when conventional
semen changes were modest [19,20]. The progressive
strengthening of these correlations over time supports the
concept that varicocele repair facilitates gradual restoration of
the testicular microenvironment across multiple spermatogenic
cycles, reinforcing the biological plausibility of sustained
fertility benefit after microsurgical intervention (Table 3).

The findings of the present randomized controlled trial
show a high degree of concordance with contemporary evidence
supporting microsurgical varicocelectomy in infertile men with
clinical varicocele. The magnitude of improvement in semen
parameters, particularly sperm concentration, progressive
motility, and total motile sperm count (TMSC), is comparable
to or greater than that reported in prior randomized trials and
meta-analyses [4,6,8].
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A key distinguishing feature of the present study is the
progressive and sustained improvement observed up toi12
months, whereas most prior RCTs limited follow-up to 6
months. Abdel-Meguid et al. demonstrated a 33% spontaneous
pregnancy rate at 12 months [8], closely mirroring the
28.6% rate observed in the present cohort at the same time
point. However, continued follow-up in the current study
revealed a cumulative pregnancy rate of 41.8% at 12 months,
suggesting that the fertility benefit of varicocelectomy may be
underestimated in shorter studies.

Correlation analysis in the present study demonstrated
moderate-to-strong positive correlations between
postoperative improvements in sperm concentration, motility,
and TMSC and spontaneous pregnancy outcomes (r = 0.42—
0.61). This aligns closely with findings from Esteves et al. and
Baazeem et al., who emphasized TMSC as a superior functional
predictor of natural conception compared with isolated semen
parameters [4,7]. The near-doubling of TMSC by 12 months
in the surgical arm mirrors patterns reported in high-quality
microsurgical series (Table 3).

Importantly, the observed reduction in sperm DNA
fragmentation index (DFI) provides mechanistic support for
the sustained fertility outcomes. The absolute DFI reduction of
approximately 12% at 12 months closely parallels reports by
Zini, Agarwal, and Dada, all of whom demonstrated reductions
ranging from 10-15% following microsurgical repair [19-21].
The present study further demonstrated a moderate inverse
correlation between DFI and pregnancy outcomes (r = -0.38

Table 3: Comparative Literature Review and Correlation of Semen Parameter Improvements with Spontaneous Pregnancy After Microsurgical Varicocelectomy.

Spontaneous pregnancy outcomes and time-to-pregnancy analysis.

Comparative summary of published literature evaluating semen parameter improvements and spontaneous pregnancy following microsurgical varicocelectomy. Data from
randomized controlled trials, meta-analyses, and cohort studies are presented alongside the present study. Overall, findings demonstrate consistent improvement in semen
parameters and pregnancy outcomes, with a positive correlation between semen quality (especially TMSC) and conception, and an inverse relationship with DNA fragmentation

index (DFI).

1 Sperm concentration,

)
Spont P Correlation With P t Study / Correlati
Study (Year) DESTL WA Follow-up Key Semen Outcomes |DNA Fragmentation pontaneous Fregnancy orretation H rese'n udy / Correlation
Rate Coefficient (r)

Moderate—strong positive correlation between

Present study motility, TMSC | DFI ~12% at 12 41.8% (surgery) vs semen improvement and pregnancy (r = 0.42-
A RCT/n=364 12 months . X . .
(India) (progressive up to 6-12 mo 21.4% (obs) 0.61); inverse correlation with DFI (r = -0.38 to
mo) -0.46)
Abdel-Meaquid et Significant 1 Comparable pregnancy benefit; supports
9 RCT/n=145 12 months 9 ) . Not assessed 33% vs 13% positive correlation of semen improvement with
al. 2011 [8] concentration & motility )
conception
Confirms fertility benefit magnitude; supports
Baazeem et al. = Meta-analysis Moderate 1 semen o . ! ‘I |.y ! gnitude, upp. ;
6-12 months Limited OR 2.87 favoring surgery TMSC as predictive marker (strong correlation in
2011 [4] (RCTs) parameters
present study: r = 0.52-0.61)
Supports TMSC as strongest predictor of
Esteves et al. Systematic . Higher natural upp . 'g predi
. 6-24 months Strong 1 TMSC Indirect . pregnancy, consistent with present strong
2016 [7] review conception - )
positive correlation
Zini et al. 2008 Prospective Matches inverse correlation between DFI
. P 6 months Modest semen 1 | DFI10-15% Not primary endpoint reduction and pregnancy (present r = -0.38 to
[19] cohort / n=85
-0.46)
Strong mechanistic concordance with
Agarwal etal.  Prospective / 12 months Progressive semen 1 | DFI ~11% Improved ART & natural ro ressgive DFI decline observed in present
2017 [20] n=120 9 i outcomes prog P
study
Dada et al. 2011  Case-control Improved pregnanc Supports independent contribution of DNA
/ 6 months  Variable semen response | DFI significant P preg ¥ pp‘ . P -
[21] n=90 odds integrity to fertility improvement
Marmar et al. . ) Confirms global fertility benefit consistent with
Meta-analysis Variable semen parameters Not assessed RR 2.87 for pregnanc:
2007 [6] y t P preg Y present magnitude of effect

Abbreviations: RCT = Randomized controlled trial; TMSC = Total motile sperm count; DFI = DNA fragmentation index; OR = Odds ratio; RR = Relative risk; obs = Observation group.
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to -0.46), reinforcing the concept that improvements in DNA
integrity contribute independently to postoperative fertility
beyond conventional semen analysis. Overall, the present trial
not only corroborates existing evidence but also extends current
knowledge by demonstrating that improvements in semen
quality, DNA integrity, and spontaneous pregnancy rates are
progressive, biologically plausible, and sustained over time,
particularly when microsurgical technique and appropriate
patient selection are employed.

The strengths of this trial include its randomized
controlled design, relatively large sample size, standardized
microsurgical technique, and extended follow-up period. These
features enhance both internal validity and clinical relevance.
Nevertheless, certain limitations should be acknowledged.
The single-center design may limit generalizability, and
blinding was not feasible due to the nature of the intervention.
Azoospermic men were excluded, and therefore the results
cannot be extrapolated to this subgroup. Additionally, live birth
rates and molecular sperm parameters were not evaluated and
should be addressed in future research [28.29].

Future studies should focus on multicenter randomized
trials incorporating sperm DNA fragmentation, oxidative stress
markers, and live birth as primary outcomes. Comparative
effectiveness studies evaluating varicocelectomy versus early
ART, as well as combined treatment strategies, may further
refine patient counseling and individualized care [30].

Conclusions

Microsurgical subinguinal varicocelectomy significantly
improved semen parameters, sperm DNA integrity, and
spontaneous pregnancy rates compared with observation in
appropriately selected infertile men with clinically palpable
varicocele and abnormal semen parameters. The higher
cumulative pregnancy rate and shorter time to conception
observed during the 12-month follow-up support its clinical
effectiveness in this population, while further multicenter
studies with longer follow-up and live-birth outcomes are
needed to establish its long-term reproductive benefit.
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