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ABSTRACT

Objective: Varicocele is a common and surgically correctable cause of infertility in men;
however, postoperative improvement in semen parameters varies considerably among patients.
Inflammation plays an important role in varicocele-related testicular dysfunction, and
hematologic inflammatory indices have recently gained attention as potential prognostic markers.
The systemic immune-inflammation index (SII) is a novel and easily accessible marker that may
reflect the underlying inflammatory burden influencing postoperative outcomes. We aimed to
investigate the association between preoperative SII and varicocelectomy success.

Methods: One hundred ninety-one patients who underwent microsurgical subinguinal
varicocelectomy between January 2018 and January 2024 were retrospectively reviewed. Patients
with azoospermia, hormonal therapy, prior scrotal surgery, malignancy, hematologic or systemic
inflammatory disorders, or subclinical varicocele were excluded. Preoperative blood samples
were collected to calculate SII (neutrophil x platelet / lymphocyte), and semen analyses were
performed before and six months after surgery. Varicocelectomy success was defined as a >50%
increase in total motile sperm count (TMSC) in the postoperative semen analysis (but >100%
increase is required if the preoperative TMSC was <5 million). Patients were divided into two
groups based on postoperative semen improvement: Group 1 (improvement) and Group 2 (no
improvement).

Results: Postoperative semen improvement was observed in 122 patients (63.9%). Preoperative
SII was significantly lower in Group 1 compared to Group 2 (median 345.2 vs 441.1, p<0.001). ROC
analysis identified an SII threshold of <363.7 for predicting varicocelectomy success (AUC:0.766,
95% CI:0.699-0.832). Multivariate analysis revealed that preoperative sperm motility (p=0.029)
and SII<363.7 (p<0.001; OR=5.465) were independent predictors of varicocelectomy success.
Conclusion: Lower preoperative SII values are significantly associated with better postoperative
semen outcomes following microsurgical subinguinal varicocelectomy. SII, as a simple and cost-
effective inflammatory marker, may serve as a practical tool for preoperative assessment and

counseling in infertile men undergoing varicocelectomy.
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INTRODUCTION

Varicocele represents the leading surgically treatable cause of
male infertility, with a prevalence of approximately 15% in the
general male population and up to 40% among men presenting
with primary infertility [1,2]. It is defined by pathological
enlargement of the pampiniform venous plexus, leading to
increased scrotal temperature, tissue hypoxia, and oxidative
stress, thereby adversely affecting spermatogenesis and overall
semen parameters [3,4]. Although varicocelectomy improves
semen parameters in many patients, postoperative outcomes
remain variable, and predicting surgical success continues to

pose a clinical challenge [5].

Inflammation has recently been recognized as an important
factor in varicocele-related testicular dysfunction. Experimental
and clinical studies have demonstrated that elevated reactive
oxygen species (ROS), leukocyte infiltration, and endothelial
dysfunction disrupt the blood—testis barrier and compromise

germ-cell maturation [6].

The systemic immune-inflammation index (SII) has recently
emerged as a novel marker reflecting the balance between
immune and inflammatory responses [7]. It has recently gained
prominence in urological research as a reliable indicator of
systemic inflammatory status. Several studies have demonstrated
its clinical relevance in conditions such as lower urinary tract
symptoms or benign prostatic hyperplasia and prostate cancer,
where higher SII levels are associated with greater disease

severity and poorer outcomes [8,9]. Moreover, recent evidence

Main Points

» Lower preoperative systemic immune-inflammation
index (SII) was significantly associated with greater
postoperative improvement in semen parameters after
microsurgical subinguinal varicocelectomy.

e An SII cutoff value of < 363.7 demonstrated good
predictive performance and independently predicted
varicocelectomy success in multivariate analysis.

» Preoperative SII and sperm motility were identified as
independent predictors of postoperative improvement.

* As an inexpensive and readily available inflammatory
marker, SII may serve as a practical tool for
preoperative risk stratification and patient counseling.
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suggests that SII may serve as an independent risk factor in
patients with varicocele, emphasizing the role of systemic
inflammation in its pathophysiology [10]. Nevertheless, data
regarding the predictive value of SII for postoperative outcomes
following varicocelectomy remain limited.

In this study, we aimed to evaluate the association between
preoperative SII values and postoperative improvement in semen
parameters among men undergoing microsurgical subinguinal

varicocelectomy.

MATERIALS AND METHODS
Study Population

Patients who  underwent microsurgical  subinguinal
varicocelectomy for infertility and clinical varicocele at our clinic
between January 2018 and January 2024 were retrospectively
reviewed. Patients with a history of azoospermia, hormonal
therapy, prior scrotal surgery, malignancy, hematologic disease,
endocrinologic disorders, systemic inflammatory disease, or

subclinical varicocele were excluded from the study.

All surgical interventions were carried out by the same
experienced surgeon (A.G.). Ethical approval for the study
was obtained from the Sakarya University Ethics Committee
(Approval No: E-43012747-050.04-399621-48, Date: 2024-09-
19).

Demographic and clinical data, including age, marital status,
smoking status, and varicocele laterality, were recorded.
Varicocele grades were determined on physical examination as
follows: Grade 1, palpable only during the Valsalva maneuver;
Grade 2, palpable without the Valsalva maneuver; and Grade 3,

visible through the scrotal skin without the Valsalva maneuver.

Varicose vein diameters and reflux flow were assessed in all
patients by scrotal color Doppler ultrasonography, both at
rest and during the Valsalva maneuver, and the widest vein
diameter was recorded. All blood samples were obtained before
10:00 a.m. Hormonal assays were performed in patients with
sperm concentrations below 10 million/mL. Preoperative
levels of testosterone, follicle-stimulating hormone (FSH),
luteinizing hormone (LH), hemoglobin, hematocrit, white
blood cell (WBC), platelet, neutrophil, lymphocyte, eosinophil,
and monocyte counts were recorded. SII was calculated as
(neutrophil x platelet) / lymphocyte.
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At least two semen analyses were performed before surgery and
again six months postoperatively. The semen sample with the
highest total motile sperm count (TMSC) was used for both pre-
and postoperative assessments. Varicocelectomy success was
determined based on improvement in semen parameters and was
defined as a >50% increase in TMSC in the postoperative semen
analysis (but >100% increase is required if the preoperative
TMSC was <5 million) [11]. Patients were divided into two
groups based on treatment outcomes: Group 1, those showing
improvement in semen parameters, and Group 2, those showing

no improvement.

Surgical Technique

Under general anesthesia, a 2-3 cm subinguinal incision
was made at the level of the superficial inguinal ring. After
incising Camper’s and Scarpa’s fascias, the spermatic cord was
identified, gently grasped with a Babcock clamp, and carefully
dissected from the surrounding tissues. A Penrose drain was
placed under the cord to prevent it from retracting back into
the incision. Under x20 microscopic magnification, all dilated
internal and external veins were meticulously ligated and
divided, while preserving the arterial structures, vas deferens,
veins, and lymphatics. Finally, the spermatic cord was returned
to its normal anatomical position, and the layers were closed

using absorbable sutures.

Statistical Analysis

All statistical evaluations were conducted using IBM SPSS
Statistics (IBM Corp., Armonk, NY, USA). Normality of
distribution was examined with the Kolmogorov—Smirnov test.
Continuous variables were summarized using mean + standard
deviation (SD) or median (interquartile range, IQR), whereas
categorical variables were reported as absolute values and

percentages.

Between-group comparisons of continuous variables were
performed using the independent samples t-test for parametric
variables and the Mann—Whitney U test for non-parametric
variables. The chi-square test was applied for categorical
variables, and pre- and postoperative data were assessed using

the Wilcoxon signed-rank test.

The discriminatory capacity of the variables for predicting
varicocelectomy success was examined using receiver operating
characteristic (ROC) curve analysis, and optimal threshold

values identified by the Youden index. Independent predictors
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were explored through both univariate and multivariate logistic
regression analyses. Statistical significance was defined as a
p-value < 0.050.

RESULTS

A total of 191 patients were retrospectively reviewed. The mean
age was 29.84 + 7.02 years; 145 (75.9%) patients were married,
and 78 (40.8%) had a history of smoking. Semen parameters
improved in 122 (63.9%) patients (Group 1), whereas no
improvement was noted in 69 (36.1%) patients (Group 2). The
patients’ demographic characteristics and laboratory findings,
including hormonal, hematological, and semen analyses, are

summarized in Table 1 and 2.

Preoperative sperm concentration, total sperm count, motility,
and TMSC were significantly lower in Group 1 (p < 0.001).
Significant improvements were observed in all semen parameters
in Group 1 following varicocelectomy (p<0.05). The median
SIT was 345.2 (IQR: 283.4—415.3) in Group 1 and 441.1 (IQR:
374.6—621.0) in Group 2 (p<0.001).

According to ROC analysis, the optimal SII threshold value for
predicting varicocelectomy success was < 363.7, yielding 60.7%
sensitivity and 78.3% specificity (Table 3, Figure 1).
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Figure 1. Receiver operating characteristic (ROC) analysis of

systemic immune-inflammation index (SII)

Univariate logistic regression analysis revealed that preoperative

sperm concentration, total sperm count, motility, TMSC, and
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Table 1. Demographic and clinical characteristics of the patients
. Total Group-1 Group-2
Variables (=191) (n=122) (1=69) P
Age (yr) 29.84 +7.02 29.32+7.59 30.77 +5.83 0.1422
Marital status, n (%)
Single 46 (24.1) 34 (27.9) 12 (17.4)
0.104°
Married 145 (75.9) 88 (72.1) 57 (82.6)
Smoking, n (%)
No 113 (59.2) 73 (59.8) 40 (58)
0.801°
Yes 78 (40.8) 49 (40.2) 29 (42)
Varicocele laterality, n (%)
Left 180 (94.2) 115 (94.3) 65 (94.2)
0.986°
Bilateral 11 (5.8) 7(5.7) 4(5.8)
Varicocele grade, n (%)
Grade 1 23 (12.0) 15(12.3) 8 (11.6)
Grade 2 66 (34.6) 32 (26.2) 34 (49.3) 0.004°
Grade 3 102 (53.4) 75 (61.5) 27 (39.1)
Varicose vein diameter (mm) 3.4(2.9-4.1) 3.5(3-4.1) 3.35(2.80-3.93) 0.205¢

a: Independent sample t-test; b: Chi-square test; ¢: Mann-Whitney U test

Continuous variables are shown as mean + SD or median (IQR), categorical variables are shown as number (percentage).

SIT were significantly associated with surgical success (p <
0.001) (Table 4). In the multivariate model, only preoperative
sperm motility (p = 0.029; OR = 0.959; 95% CI = 0.925-0.996)
and SII <363.7 (p < 0.001; OR = 5.465; 95% CI = 2.536-11.777)

remained independent predictors of postoperative improvement.

DISCUSSION

In this study, we examined the relationship between the
preoperative SII and postoperative improvements in semen
parameters among men undergoing microsurgical subinguinal
varicocelectomy. Our findings demonstrated that lower
preoperative SII values were significantly associated with more
favorable postoperative outcomes, and that an SII threshold of
< 363.7 independently predicted surgical success. These results
suggest that the systemic inflammatory state, as reflected by SII,
may have a significant role in the recovery of spermatogenesis
following surgical correction of varicocele.

Several studies have demonstrated that inflammation is
critically involved in the pathophysiology of varicocele and
its detrimental effects on spermatogenesis. Venous congestion

within the pampiniform plexus results in increased testicular
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temperature, hypoxia, and oxidative stress, thereby enhancing
the generation of ROS and pro-inflammatory cytokines [12].
These inflammatory mediators disrupt the blood—testis barrier
and impair Sertoli and Leydig cell function, resulting in defective
germ-cell maturation and altered testosterone synthesis [13].
Recent findings by Palani et al. [14] indicate that varicocele is
linked to decreased semen quality across multiple parameters
and elevated sperm DNA fragmentation. Taken together, these
findings suggest that inflammation is not merely a secondary
feature but also a significant contributing factor to testicular
dysfunction in varicocele, providing a plausible biological basis

for the relationship identified in our study.

A number of clinical studies have further supported the
association between systemic inflammatory markers and
varicocele severity. Nallella et al. [15] showed that men with
varicocele exhibit significantly elevated levels of interleukin-6
(IL-6) and oxidative stress, and that these inflammatory
alterations correlate with impaired semen quality. Yagmur et al.
[16] likewise reported significantly increased NLR and platelet-
to-lymphocyteratio (PLR) in men with varicocele, reinforcing the

contribution of systemic inflammation to disease severity. More
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Table 2. Preoperative laboratory findings and preoperative/postoperative semen parameters according to study groups
Variables (nT=01tgl1) ?nrzilgz)l (:::sg)z i
Haemoglobin (g/dL) 15.04 £0.99 15.09 £0.94 14.96 +1.08 0.409°
Haemotocrit (%) 45.09 +2.87 45.06 +2.71 45.13+£3.16 0.876*
Platelet (x10° per pl) 229 (202-257) 228 (207-256) 229 (194-272) 0.798"
WBC (x10° per pl) 7.46 + 1.65 7.35+1.70 7.67 +1.54 0.188*
Neutrophil (x10° per pl) 423+1.17 3.96 + 1.08 471+1.17 <0.001*
Lymphocyte (x10° per pl) 2.42 (2-2.84) 2.54(2.10-2.92) 2.10 (1.80-2.56) <0.001°
Monocyte (x10° per pl) 0.52+0.14 0.52+0.15 0.51+0.15 0.876*
Eosinophil (x10° per pl) 0.17 (0.11-0.24) 0.17 (0.12-0.28) 0.16 (0.09-0.23) 0.278°
SII 379.8 (309.0-471.6) 345.2 (283.4-415.3) 441.1 (374.6-621) <0.001°
FSH 4.45 (3.28-6.65) 4.54 (3.33-5.90) 3.78 (2.68-9.28) 0.569°
LH 3.74 (2.59-5.46) 3.91 (2.61-5.69) 3.02 (2.49-5.44) 0.456°
Testosterone 447.2 (323.1-626.1) 458.9 (323.8-625.8) 415 (282.7-689.3) 0.655°
Preop semen volume (ml) 3 (2-3.50) 2.55(2-3.53) 3(2-3.5) 0.516°
Postop semen volume (ml) 2.80 (2-3.50) 3 (2-3.60) 2.50 (1.75-3.35) 0.015°
P 0.391¢ 0.005¢ 0.011¢
Preop sperm concentration (x10%ml) 18 (7-38) 12 (5.08-24) 37 (15.5-55.5) <0.001°
Postop sperm concentration (x10%/ml) 31 (14-50) 34.5 (15.75-51.50) 26 (13-38.5) 0.053°
) <0.001¢ <0.001¢ <0.001¢
Preop total sperm count (x10°) 50 (16-96) 30 (12.94-69.68) 81 (50-164.2) <0.001°
Postop total sperm count (x10°) 75 (32.8-133.4) 82.6 (38.25-155.1) 50 (26.30-99.05) 0.006°
)4 <0.001°¢ <0.001°¢ <0.001°¢
Preop sperm motility rate (%) 35(22.2-47.4) 32.58 (18.89-44.44) 40 (29.82-50) 0.001°
Postop sperm motility rate (%) 44.7 (31.7-56.5) 49.45 (38.22-58.14) 36 (22.68-49.14) <0.001°
) <0.001¢ <0.001¢ 0.034¢
Preop total motile sperm count (x10°) 16 (4.50-33.30) 9.95 (2.43-22.58) 31.20 (17.15-64.50) <0.001°
Postop total motile sperm count (x10°) 30 (12-63) 36.4 (17.4-75.75) 15.84 (6.75-38) <0.001°
P <0.001¢ <0.001¢ <0.001¢

a: Independent sample t-test; b: Mann-Whitney U test; ¢: Wilcoxon signed-rank test

Continuous variables are shown as mean + SD or median (IQR), categorical variables are shown as number (percentage).

FSH: follicle-stimulating hormone; LH: luteinising hormone; SII: systemic immune-inflammation index; WBC:white blood cell

Table 3. Optimal cut-off and sensitivity-specificity values to predict varicocelectomy success
Variables AUC 95% CI Cut-off Sensitivity Specificity PPV NPV
SII 0.766 0.699-0.832 <363.7 60.7% 78.3% 83.1% 52.9%

AUC: Area under curve; CI: Confidence Interval; NLR: Neutrophil-lymphocyte ratio, NPV: Negative predictive value; PPV: Positive predictive

value; SII: Systemic Immune-Inflammation Index

Xx5
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Table 4 .Univariate and multivariate logistic regression analyses of parameters for predicting varicocelectomy success
Covariates Univariate analysis Multivariate analysis
p OR 95% Cl1 p OR 95% Cl1
Varicocele grade
Grade [ (ref)
Grade II 0.170 0.502 0.188-1.344
Grade III 0.424 1.481 0.565-3.886
Preop sperm concentration <0.001 0.961 0.947-0.977 0.171 0.977 0.946-1.010
Preop total sperm count <0.001 0.985 0.979-0.991 0.257 0.989 0.970-1.008
Preop sperm motility 0.002 0.971 0.953-0.989 0.029 0.959 0.925-0.996
Preop total motile sperm count <0.001 0.960 0.949-0.975 0.566 1.012 0.971-1.055
SII (<363.7) <0.001 5.550 2.818-10.929 <0.001 5.465 2.536-11.777

CI: Confidence interval; OR: Odds ratio; SII: Systemic Immune-Inflammation Index

Covariates with p<0.05 in univariate analysis were entered in a multivariate logistic analysis model, method enter.

recently, Miao et al. [10] identified SII and NLR as independent
predictors of clinical varicocele, further highlighting the role
of systemic inflammation in its pathophysiology. Collectively,
these findings indicate that hematologic inflammatory markers
reflect the underlying oxidative and inflammatory burden and
may provide meaningful insight into the biological processes

associated with varicocele severity.

Predicting the likelihood of postoperative improvement after
varicocelectomy is of clinical importance to aid in patient
counseling, individualized treatment planning, and optimizing
surgical expectations. In the literature, some studies have
aimed to predict postoperative recovery after varicocelectomy,
evaluating various clinical and laboratory parameters.
Preoperative semen characteristics remain the most consistent
predictors of surgical success, with studies showing that patients
with relatively poorer baseline semen profiles often experience
greater postoperative improvement [17-20]. In line with previous
reports, our results demonstrated that the group exhibiting
postoperative improvement had significantly lower preoperative
sperm concentration, motility, total sperm count, and TMSC,
aligning with the predictive patterns reported in the existing
literature. Hormonal markers have also been investigated,
especially follicle-stimulating hormone (FSH) and testosterone;
however, their predictive value has been inconsistent, with some
studies reporting limited utility in forecasting postoperative
outcomes [11,19,21]. Similarly, in our study, no significant
association was identified between preoperative FSH, LH,

or testosterone levels and varicocelectomy success, further

xx6

supporting the limited prognostic role of hormonal parameters
in this context. This may be explained by the fact that varicocele-
related testicular dysfunction appears to be driven predominantly
by local oxidative and inflammatory mechanisms. Increased
scrotal temperature, venous stasis, hypoxia, and reactive oxygen
species may disrupt the blood—testis barrier and impair germ-
cell maturation before clinically meaningful alterations become
evident in systemic hormonal parameters. In this context,
inflammation-based markers such as SII may more directly
reflect the biological processes associated with postoperative

spermatogenic recovery.

Beyond semen and hormonal parameters, growing attention
has been directed toward hematologic and inflammation-based
markers as potential tools for predicting surgical outcomes.
Several recent studies have demonstrated that preoperative
inflammatory indices, including the NLR, mean platelet
volume (MPV), monocyte-to-lymphocyte ratio (MLR), and
SII, may reflect the underlying inflammatory burden associated
with varicocele and thus hold prognostic value. For instance,
Ates et al. [22] identified preoperative NLR as a significant
predictor of improvement following microsurgical subinguinal
varicocelectomy, whereas Ghanem et al. [23] evaluated platelet
volume parameters and reported that MPV was significantly
associated with postoperative outcomes. Likewise, Erdogan et
al. [24] investigated the predictive value of preoperative blood
parameters for varicocelectomy success and found that NLR and
MPV levels may serve as useful predictors of surgical success.

In line with these findings, Duran et al. [25] reported that lower
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preoperative NLR and MLR values were significantly associated
with improved postoperative outcomes, reinforcing the potential
utility of inflammation-based hematologic markers as predictors
of varicocelectomy success. As a relatively newer inflammatory
marker, SII has been less extensively investigated in the context
of varicocele, and its association with both disease severity and
postoperative recovery remains insufficiently characterized.
In a recent study evaluating predictors of varicocelectomy
success, Erdogan et al. [26] reported that infertile men who
showed postoperative improvement had significantly lower
preoperative SII levels, and identified an optimal SII cut-off
of 334.6 for predicting surgical success. Similarly, we also
demonstrated that lower preoperative SII values were strongly
associated with improved postoperative semen parameters. The
optimal cut-off identified in our cohort was 363.7, which was
slightly higher than that reported by Erdogan et al. [26]. This
difference between cohorts may be attributable to variations in
study populations, including age, varicocele grade, and baseline
semen characteristics, as well as to laboratory-related factors.
Nevertheless, despite the numerical difference between the two
thresholds, both studies consistently support the overall finding
that lower preoperative SII levels are associated with a greater
likelihood of postoperative improvement after varicocelectomy.
Therefore, these findings support the potential clinical utility
of SII as a preoperative marker, while also suggesting that its
optimal threshold may be context-dependent and requires

further validation in larger multicenter prospective studies.

Limitations

Several limitations of this study should be considered. First,
the retrospective nature of the study may have led to selection
bias. Second, the study population was derived from a single
center and all procedures were performed by a single surgeon,
which may restrict the generalizability of the findings. Third,
although SII reflects systemic inflammatory status, we did not
evaluate additional cytokines or oxidative stress parameters that
could have provided a more comprehensive assessment of the
inflammatory milieu. Finally, pregnancy outcomes were not
assessed, and therefore the impact of SII on natural fertility

remains unknown.

Besides these limitations, the identification of SII as an

independent predictor of varicocelectomy success has

meaningful clinical relevance. As a routinely available, low-cost
hematologic parameter, SII may serve as a practical adjunct in

preoperative counseling to help identify patients who are more
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likely to benefit from surgical intervention. In particular, a
preoperative SII value of < 363.7 may support a more favorable
expectation of postoperative semen improvement, whereas
higher values may warrant a more cautious discussion regarding
the likelihood of benefit. However, SII should not be used as a
standalone criterion for recommending or withholding surgery;
rather, it should be interpreted together with conventional semen
parameters, clinical findings, and the overall infertility profile.
Integrating SII with conventional semen analysis may enable a
more accurate and individualized estimation of postoperative

improvement.

CONCLUSION

This study demonstrates that the SII is an independent and
meaningful predictor of postoperative improvement in semen
parameters after microsurgical subinguinal varicocelectomy.
Lower preoperative SII values were strongly associated with
better postoperative outcomes, highlighting the influence of
systemic inflammation on spermatogenic recovery. As a simple,
low-cost, and widely available hematologic parameter, SII may
serve as a practical adjunct in preoperative assessment. Further
prospective studies are needed to confirm these results and
clarify the clinical utility of SII in guiding varicocelectomy

decision-making.
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