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Outcome measurements and statistical analysis: Data on preoperative testicular atro-
phy index, bilateral testicular elastic modulus, testosterone, pre- and postoperative
6-mo total sperm count, sperm concentration, and sperm vitality were collected.
An increase of >25% is considered a postoperative improvement in sperm param-
eters. Predictive nomograms were constructed through forward stepwise LR
regression, based on independent risk factors filtered by univariate and multivari-
ate logistic regression analyses. Receiver operating characteristic curve analysis,
calibration curve, and decision curve analysis were employed to assess the perfor-
mance of the models.

Results and limitations: The areas under the curve of nomograms for predicting the
postoperative improvement of total sperm count, sperm concentration, and sperm
vitality were 0.915, 0.986, and 0.924 respectively. The nomogram models demon-
strated good predictive performance. The single-center sample size was a limita-
tion of this study.

Conclusions: In this study, we developed effective predictive nomogram models for
anticipating postoperative improvements in sperm quality among varicocele
patients. These models offer a significant value in providing accurate predictions
of surgical outcomes. However, it is crucial to conduct further external validation.
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Patient summary: In this study, a predictive nomogram model was constructed for
assessing the improvement of sperm quality in varicocele patients after surgery.
The model offered satisfactory results.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Varicocele occurs when blood flows backward into the
internal spermatic vein, resulting in the vascular dilation
of the veins in the pampiniform plexus [1]. The congenital
absence of spermatic vein valves or other compressive fac-
tors, including conditions such as “nutcracker syndrome,”
leads to the obstruction of venous blood flow. This obstruc-
tion results in swelling and pain in the testicles, affecting
their physicochemical characteristics. Prolonged impair-
ment of spermatogenesis and endocrine function can be
expected as consequences. While the majority of patients
with this condition do not experience any symptoms [2],
individuals with severe symptoms may exhibit visibly
dilated veins, resembling earthworms, on the surface of
the scrotum. Varicocele is present in 15% of the normal pop-
ulation and 35-40% of infertile men [3]. Various theories
have been proposed to explain the detrimental effects of
varicocele on sperm quality. These theories suggest that
heat exposure, decreased oxygenation, and toxin reflux con-
tribute to the damage of the testicular ultrastructure,
including interstitial cells and spermatogenic tubules. Ulti-
mately, these factors negatively impact sperm quality
[4,5], sperm function [6,7], testis histology [8-10], and
reproductive hormones [5,11].

Consequently, varicocele has emerged as the most signif-
icant challenge to male fertility [12]. While the ability to
conceive is still possible for many individuals with varico-
cele, it can adversely affect sperm quality in men. According
to the European Association of Urology (EAU) guidelines on
male infertility (2017 edition) [13], several recommenda-
tions are provided regarding the surgical treatment of varic-
ocele. These recommendations include the following
scenarios: (1) adolescent patients with progressive testicu-
lar atrophy detected during clinical examination and (2)
clinical varicocele patients presenting with oligozoosper-
mia, azoospermia, or infertility of unknown cause without
any other identifiable factors. Moreover, it is noteworthy
that the majority of patients diagnosed with varicocele in
clinical settings present with a chief complaint of long-
standing infertility. Consequently, sperm quality has
become the paramount clinical parameter of concern in
the treatment of male infertility attributed to varicocele,
as it directly pertains to male reproductive health.

The present study endeavors to develop a nomogram
model utilizing testicular ultrasonic parameters and testos-
terone levels to prognosticate the postoperative enhance-
ment of sperm quality in varicocele patients.

2. Patients and methods
2.1. Study design

This study has been approved by the Medical Ethics Committee of the
First Affiliated Hospital of Xinjiang Medical University (K202304-03). A
retrospective analysis was carried out on varicocele patients who met
the research criteria from March 2020 to June 2022. All patients had
undergone microscopical varicocelectomy operated by the same two
experienced andrologists.

2.2. Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) physical examination, two-
dimensional gray ultrasound, and color Doppler ultrasound evidence of
varicocele; (2) 18-40 yr old; (3) patients with varicocele who exhibit
reduced fertility or are unable to conceive; and (4) varicocele patients
who encounter substantial detriment to their overall quality of life,
encompassing individuals enduring severe acute episodes characterized
by pronounced swelling and intense pain, as well as those encountering
recurring episode while concurrently demonstrating willingness to
undergo surgical treatment.

The exclusion criteria were the following: patients with incomplete
inspection, a previous surgical history, chronic diseases, other testicular
or scrotal diseases, or a history of radiotherapy, chemotherapy, or hor-
mone drug usage, and patients diagnosed with male infertility (infertil-
ity is defined as the failure to achieve a spontaneous pregnancy despite 1
yr of practicing regular sexual intercourse without a contraceptive)
according to the World Health Organization (WHO) manual for the stan-
dardized investigation, diagnosis, and management of infertile male
[14].

2.3. Measurement of characteristics and follow-up

The collected patient data were partitioned into development and vali-
dation cohorts at a 2:1 ratio. Characteristics such as age, body mass
index (BMI), grade, pre- and postoperative 6-mo data of testicular atro-
phy index, bilateral testicular shear wave elastic modulus (Kpa), sperm
parameters (total sperm count [10/ml], sperm concentration [10%/ml],
and sperm vitality [%]), and testosterone (ng/dl) were retrospectively
collected.

Varicoceles were classified by the grading system of Dubin and Ame-
lar [15] as grade I (palpable with Valsalva maneuver only), grade II (pal-
pable at rest, without Valsalva), or grade III (visible while the patient is
standing, without Valsalva). Testicular volume was calculated using the
ellipsoid volume calculation formula (7/6 x length x width x height)
[16]. The testicular atrophy index was calculated by the formula: testic-
ular atrophy index = (contralateral testis volume — affected testis volume)/-
contralateral testis volume [17].
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Indications for surgical treatment includes palpable varicocele,
abnormal parameters of at least one sperm analysis, testicular pain,
presence of testicular atrophy (>2 ml difference), failed multiple
in vitro fertilization attempts, etc. [18].

The fifth edition of the WHO standard for sperm analysis [19] was
used.

24. Statistical analysis

An increase of >25% is considered a postoperative improvement in
sperm parameters. The included cohort was randomly divided into a
development and a validation cohort at a ratio of 2:1.

The Kolmogorov-Smirnov test was used to establish the normality of
continuous variables. The mean and standard deviation were used to
describe regularly distributed continuous data. The median (interquar-
tile range) was employed to represent continuous variables that were
not normally distributed. The independent-sample t test is used to com-
pare the means of two continuous normally distributed variables. The
Student t test was used. The Mann-Whitney U test was applied to com-
pare two continuous non-normally distributed variables. Number was
given as the categorical variable (percentage). To compare categorical
variables, the Fisher’s exact test and the chi-square test were used.

Independent risk factors were screened by univariate and multivari-
ate logistic regression analyses. The final model was determined by the
forward LR stepdown process including all significant variables from the
multivariate analysis. Nomograms were constructed using independent
risk factors obtained from logistics regression analysis. Models’ effec-
tiveness was evaluated using a distinct validation cohort. Receiver oper-
ating characteristic curve analysis, plotted calibration curves, and
decision curve analysis (DCA) were utilized to validate the discrimina-
tory power, calibration and clinical utility, and advantages of these pre-
dictive models. The data were analyzed using IBM SPSS Statistics 23
(IBM Corp., Armonk, NY, USA) and R software (version 4.0.3; R Founda-
tion for Statistical Analysis, Vienna, Austria). Statistical significance is
defined as p < 0.05 in two-sided analyses.

3. Results

A retrospective analysis was carried out on 268 varicocele
patients (180 in the development group and 88 in the vali-
dation group) who met the research criteria and were
included from March 2020 to June 2022. All patients had
undergone microscopical varicocelectomy that was per-
formed by the same two experienced andrologists. Table 1
shows the baseline characteristics of the study population.
There were no statistically significant differences between
the two cohorts in baseline characters, as shown in Table 1.

The results of the univariate logistic analysis showed
that age, preoperative grade, preoperative atrophy index,
and left testicular elasticity modulus were positively corre-
lated with the improvement in postoperative total sperm
count, while preoperative testosterone levels, total sperm
count, sperm concentration, and sperm vitality were nega-
tively correlated with the improvement in postoperative
total sperm count (Table 2). Preoperative grade, testicular
atrophy index, and bilateral testicular elasticity modulus
were positively correlated with the improvement in postop-
erative sperm concentration, while preoperative testos-
terone levels, total sperm count, sperm concentration, and
sperm vitality were negatively correlated with the improve-
ment in postoperative sperm concentration (Table 3). Pre-
operative grade, testicular atrophy index, and bilateral

testicular elasticity modulus were positively correlated
with the improvement in postoperative sperm vitality,
while preoperative testosterone levels, total sperm count,
sperm concentration, and sperm vitality were negatively
correlated with the improvement in postoperative sperm
vitality (Table 4).

The results of the multivariate logistic regression analy-
sis indicated that age, testicular atrophy index, left testicu-
lar shear wave elastic modulus, testosterone, sperm
concentration, and sperm vitality were independent risk
factors for the improvement of postoperative total sperm
count (Table 2). Right testicular shear wave elastic modulus,
testosterone levels, total sperm count, and sperm concen-
tration were independent risk factors for the improvement
of postoperative sperm concentration (Table 3). Grade, left
testicular shear wave elastic modulus, testosterone levels,
sperm concentration, and sperm vitality were independent
risk factors for the improvement of postoperative sperm
vitality (Table 4).

The nomogram predictive models for postoperative total
sperm count, sperm concentration, and sperm vitality, as
well as their performance evaluation in the validation
cohort, are presented in Figures 1-3, respectively. In the val-
idation cohort, corresponding area under the curve values
were 0.915, 0.986, and 0.924, respectively. The result shows
that this model is highly accurate. Calibration plots of the
corresponding nomograms in the development and valida-
tion cohorts for postoperative improvements in total sperm
count, sperm concentration, and sperm vitality showed
good calibrations. DCA proved these nomograms’ clinical
applicability, with good net benefits to varicocele patients.
The efficacy evaluation in the development cohort can be
found in Supplementary Figure 1.

4. Discussion

While numerous studies have demonstrated the impact of
varicocele on sperm quality, the precise mechanisms under-
lying varicocele’s effects on male reproductive function
warrant further investigation. Theories positing abnormal
scrotal temperature, metabolic waste reflux, and oxidative
stress have been proposed to elucidate the pathophysiolog-
ical mechanisms by which varicocele induces testicular
changes. In addition to testicular and spermatic cord ultra-
sound evaluations, the improvement of sperm quality has
gained increasing attention as a vital aspect in assessing
male reproductive capacity during the postoperative
follow-up of varicocele patients. Although fertility is influ-
enced by both partners, varicocele remains the foremost
risk factor for primary infertility in males.

According to current literature, it is clear that age and
BMI [20-27], varicocele grade [28-31] and testicular elas-
ticity modulus [32-35] have a definite impact on male fer-
tility and sperm quality. Interestingly, the multivariate
logistic regression analysis showed that BMI had no predic-
tive value for the improvement of sperm parameters after
surgery. Related reports have mentioned that obesity and
its underlying mediators have a negative impact on sperm
parameters, including sperm concentration, vitality, viabil-
ity, and normal morphology [36]. However, Amann [37]
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Table 1 - Baseline characteristics of the study population

Variable Primary cohort (n = 180) Validation cohort (n = 88) p value
Age, yr (mean, SD) 29.94 7.549 29.03 7.363 0.354
BMI (mean, SD) 24.57 3.645 23.69 3.624 0.064
Grade (%) 0.32
[ 46 25.56 30 34.09
1l 49 27.22 23 26.14
11 85 47.22 35 39.77
Preoprative
TAI (mean, SD) 0.213 0.312 0.196 0.24 0.661
LTSWE (mean, SD) 5.72 0.965 5.6 0.952 0.323
RTSWE (mean, SD) 3.45 0.363 3.39 0.357 0.198
Testosterone (mean, SD) 13.408 4.331 13.475 4.41 0.909
After improvement (yes, no)
TMC 145 35 75 13 0.349
SC 115 65 49 39 0.195
SV 137 43 71 17 0.399

BMI = body mass index; LTSWE = left testicular shear wave elastic modulus; RTSWE = right testicular shear wave elastic modulus; SC = semen concentration;
SD = standard deviation; SV = semen vitality; TAI = testicular atrophy index; TMC = total semen count.

Table 2 - Logistic regression of prognostic factors for postoperative improvement in total sperm count

Total sperm count

Univariate analysis

Multivariate analysis

OR 95% CI p value OR 95% CI p value
Age 0.878 0.836-0.922 <0.001 0.796 0.730-0.868 <0.001
BMI 0.952 0.875-1.035 0.251
Grade <0.001
1 Ref Ref Ref
Il 5.818 2.451-13.813 <0.001
11 10.182 4.354-23.813 <0.001
Preoperative
TAI 13.663 3.962-47.114 <0.001 7.21 1.840-28.255 0.005
LTSWE 2.801 1.871-4.193 <0.001 4478 2.136-9.387 <0.001
RTSWE 0.829 0.343-2.003 0.677
Testosterone 0.822 0.760-0.889 <0.001 0.834 0.735-0.947 0.005
TMC 0.946 0.925-0.968 <0.001
SC 0.958 0.937-0.980 <0.001 1.062 1.013-1.115 0.014
SV 0.901 0.866-0.938 <0.001 0.926 0.862-0.995 0.036

BMI = body mass index; CI = confidence interval; LTSWE = left testicular shear wave elastic modulus; OR = odds ratio; Ref = reference; RTSWE = right testicular

shear wave elastic modulus; SC = semen concentration; SV = semen vitality; TAI = testicular atrophy index; TMC = total semen count.

Table 3 - Logistic regression of prognostic factors for postoperative improvement in sperm concentration

Sperm concentration

Univariate analysis

Multivariate analysis

OR 95% CI p value OR 95% CI p value
Age 1.022 0.988-1.057 0.212
BMI 0.983 0.919-1.051 0.618
Grade <0.001
[ Ref Ref Ref
Il 1.083 0.544-2.157 0.820
11 62.833 20.751-190.257 <0.001
Preoperative
TAI 5.866 2.158-15.940 0.001
LTSWE 2.797 2.017-3.879 <0.001
RTSWE 2919 1.416-6.014 0.004 14.537 3.650-57.900 <0.001
Testosterone 0.723 0.662-0.790 <0.001 0.893 0.798-0.999 0.049
TMC 0.958 0.937-0.980 <0.001 0.829 0.783-0.878 <0.001
SC 0.851 0.818-0.886 <0.001 1.069 1.014-1.128 0.014
SV 0.899 0.869-0.930 <0.001

BMI = body mass index; CI = confidence interval; LTSWE = left testicular shear wave elastic modulus; OR = odds ratio; Ref = reference; RTSWE = right testicular

shear wave elastic modulus; SC = semen concentration; SV = semen vitality; TAI = testicular atrophy index; TMC = total semen count.

suggested that a high BMI (>25 kg/m?) in men is associated
with a poor total sperm count. Therefore, we consider that
this might be related to the limited sample size involved

in this study.

4.1.

Total sperm count

Total sperm count reflects the ability of the testis to produce
sperm. According to the literature, the total sperm count
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Table 4 - Logistic regression of prognostic factors for postoperative improvement in sperm vitality

Sperm vitality

Univariate analysis

OR

Multivariate analysis

95% CI p value OR 95% CI p value
Age 0.965 0.930-1.001 0.059
BMI 0.989 0.914-1.069 0.779
Grade <0.001 0.001
I Ref Ref Ref Ref Ref Ref
1l 1.167 0.593-2.294 0.655 0.099 0.023-0.432 0.002
11 8.167 3.472-19.211 <0.001 0.394 0.015-10.051 0.573
Preoperative
TAI 6.966 2.413-20.114 <0.001
LTSWE 2.061 1.471-2.890 <0.001 1.809 1.018-3.214 0.043
RTSWE 0.559 0.240-1.302 0.177
Testosterone 0.836 0.777-0.898 <0.001 0.851 0.745-0.972 0.017
TMC 0.949 0.929-0.969 <0.001
SC 0.96 0.940-0.979 <0.001 1.137 1.046-1.235 0.002
SV 0.799 0.755-0.844 <0.001 0.673 0.594-0.763 <0.001

BMI = body mass index; CI = confidence interval; LTSWE = left testicular shear wave elastic modulus; OR = odds ratio; Ref = reference; RTSWE = right testicular
shear wave elastic modulus; SC = semen concentration; SV = semen vitality; TAI = testicular atrophy index; TMC = total semen count.
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Fig. 1 - Nomogram predicting postoperative improvement in total sperm count and its performance evaluation in the validation group. (A) Postoperative
total sperm count improvement predicted by the nomogram model. (B) Receiver operating characteristic curve analysis, (C) calibration plots, and (D) decision

curve analysis were used to evaluate the performance of the postoperative total sperm count improvement predicted by the nomogram model in the
validation group. AUC = area under the curve; ROC = receiver operating characteristics.

can accurately indicate the severity of male factor infertility.
It is applicable not only for natural conception, but also for
intrauterine insemination and in vitro fertilization [38,39].

Liu and colleagues’ [40] research on total sperm count
revealed a significant correlation between an increase in
preoperative total sperm count and postoperative improve-
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Fig. 2 - Nomogram predicting postoperative improvement in sperm concentration and its performance evaluation in the validation group. (A) Postoperative
total sperm count improvement predicted by the nomogram model. (B) Receiver operating characteristic curve analysis, (C) calibration plots, and (D) decision
curve analysis were used to evaluate the performance of the postoperative sperm concentration improvement predicted by the nomogram model in the
validation group. AUC = area under the curve; ROC = receiver operating characteristics.

ments, suggesting that the total sperm count holds a predic-
tive value for postoperative semen condition assessment. In
addition, Wang et al. [41] showed that patients with a
higher baseline sperm count after varicocele surgery had a
more significant improvement in sperm parameters, and
the improvement gap was positively correlated with the
improvement in total sperm count after varicocele surgery.
This result also suggests that the total sperm count reflects
the overall sperm quality to some extent, and other changes
such as sperm concentration and sperm vitality may be con-
trolled by the degree of improvement in the total sperm
count. Indicating when the total number of sperm reaches
a certain size, the vitality of each individual sperm active
might be better, so that the overall quality of sperm might
be higher. This is also the basis for the assessment of total
sperm count as a whole for sperm quality. This phe-
nomenon could be contemplated in terms of sperm popula-
tion size accompanied by an intensified competition. In
such a scenario, when a certain number of spermatozoa
coexist, each individual spermatozoon demonstrates
enhanced vitality to successfully adapt to a demanding

competitive environment, as there will always be a specific
spermatozoon that emerges victorious in the final
competition.

Our study results indicate that the preoperative testicu-
lar elastic modulus and testosterone levels have a predictive
value for the postoperative total sperm count improvement
[42]. Although the pathophysiology of varicocele and the
molecular mechanisms involving testicular injury and
sperm function impairment have not been elucidated fully,
the prevailing consensus is that varicocele can inhibit
testosterone biosynthesis and sperm chromosomal abnor-
malities, and elevate reactive oxygen species, leading to
oxidative stress and endoplasmic reticulum stress, trigger-
ing germ cell apoptosis [43,44]. This indirectly corroborates
the connection between testicular elastic modulus and
testosterone as reflections of testicular tissue hardness
and endocrine function with spermatogenic function. The
testicular elastic modulus reflects the tissue hardness of
the testicular parenchyma, and pathological mechanisms
caused by varicocele-induced blood stasis and other distur-
bances in the physicochemical environment of the testis can
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sperm count improvement predicted by the nomogram model. (B) Receiver operating characteristic curve analysis, (C) calibration plots, and (D) decision
curve analysis were used to evaluate the performance of the postoperative sperm vitality improvement predicted by the nomogram model in the validation
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S.

damage its ultrastructure [45]. Therefore, the predictive
value of the testicular elastic modulus and testosterone
levels for total sperm count is fundamentally grounded.

4.2. Sperm concentration

Sperm concentration is defined as the number of spermato-
zoa per unit volume of semen and is directly proportional to
the number of sperm released and the volume of fluid dilut-
ing them [36]. According to the report of the sixth edition of
the WHO laboratory manual on the examination and pro-
cessing of human sperm, sperm concentration is correlated
with male fertility but is not a direct indicator of testicular
spermatogenic function. In contrast, the total sperm count
is a better indicator of the spermatogenic ability of the testis
[37]. This is because, during ejaculation, concentrated epi-
didymal sperm are diluted by the fluid secreted by the
accessory glands and are thus expelled from the body.
Therefore, sperm concentration has higher variability.
Meanwhile, reports have indicated that younger and older
men might have the same sperm concentration, but differ-
ent total sperm counts [46]. It has been reported that sperm
concentration is related to the time to pregnancy [47] and
pregnancy rates [48,49], and is a predictor of conception

[50,51], but more data correlating sperm concentration
with reproductive outcomes are needed. Slama et al. [47]
used data from French sperm donors to develop a nonpara-
metric model to describe the temporal decline in sperm
concentration and then applied this model to 419 Danish
couples planning their first pregnancy in 1992 to predict
their time to pregnancy. Their results showed that both
the sperm concentration and the probability of pregnancy
decreased over the same period, but the decline in sperm
concentration was significantly greater. Their attempt was
very bold, but a larger sample size would be required to
mitigate the changing effect of sperm concentration on
the probability of pregnancy.

The results of this study indicate that the right testicular
elastic modulus, testosterone, and total sperm count have a
predictive value for the improvement of sperm concentra-
tion after surgery. In conclusion, this prediction model
enriches the means of clinical evaluation for patients with
varicocele.

4.3. Sperm vitality

Sperm vitality, among the essential factors for assessing
sperm quality, often affected by flagellar defects [51], pres-
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ence of epididymal pathological reactions, and infection
[52], is also an important factor in the male reproductive
health. Studies have shown that sperm vitality is closely
related to sperm mitochondrial function [53], and mito-
chondrial sperm dysfunction is implicated in the pathogen-
esis of seminal oxidative stress [54]. According to the sixth
edition of the WHO laboratory manual on the examination
and processing of human sperm [55], test of sperm vitality,
as estimated by assessing the membrane integrity of the
cells, is mainly recommended when the total vitality is
<40%. Sperm vitality test identifies whether the immotile
spermatozoa are dead (necrozoospermia) or are alive but
with abnormal vitality (asthenozoospermia) [56]. In the
meta-analysis of sperm quality changes after varicocele sur-
gery in adolescents, Ji [57] summarized six studies and also
concluded that sperm concentration and sperm vitality
were improved mildly to moderately after surgery.

Our research results indicate that preoperative staging,
testicular atrophy index, left testicular elastic modulus,
testosterone, preoperative sperm concentration, and preop-
erative sperm vitality have predictive values for the
improvement of postoperative sperm vitality.

5. Conclusions

Testicular pathological changes caused by varicocele seri-
ously threaten male fertility by affecting testicular sper-
matogenesis and endocrine function. Nomograms
constructed in our study are different from many other
studies for including predictors such as testicular atrophy
index, testicular shear wave elastic modulus, and testos-
terone, which emphasized the predictive value of testicular
physical characteristics and endocrine function on sperm
parameters.

Despite the limitations of this study including a single-
center retrospective design, insufficient sample size, and a
limited number of predictive factors, this is an effective
attempt to predict sperm quality in patients with varicocele
based on testicular parameters and testosterone levels,
which has a certain clinical value and is worthy of further
exploration.
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