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Abstract
Setting: A causative relationship between varicocele and impairment of semen quality has been largely
investigated in the context of male infertility, although its clinical bene t remains controversial.
Objective: To investigate the effect of varicocele correction on detailed morphologic microscopic semen
parameters in a large homogeneous cohort of patients and to evaluate which factors could predict semen
improvement after the surgical treatment.
Design: An observational, retrospective cohort study was carried out including all patients undergoing
surgical treatment for varicocele from September 2011 to March 2020 in the same clinical centre.
Enrolled males performed at least one semen analysis before and one after surgical varicocele correction.
Primary outcome was the detailed morphologic microscopic sperm evaluation. Secondary outcomes
were conventional semen analyses.
Results: 121 males (mean age 24.6+6.1 years) were enrolled. Using detailed morphologic microscopic
sperm evaluation, a signi cant morphological improvement was recorded, with a reduction in head and
tail abnormalities. Moreover, a signi cant increase in sperm concentration (p=0.015) and percentage of
progressive and total motility (p=0.022 and p=0.039) were observed after surgery. The multivariate
logistic analysis identi ed the ultrasonography varicocele degree before surgery as a main predictor of
the sperm concentration improvement (p=0.016), with the highest improvement for varicocele of I and II
degree.
Conclusion: For the rst time, the detailed morphologic microscopic sperm evaluation highlights a
relevant reduction in sperm abnormalities after varicocele surgery, showing its potential application in
clinical practice.

Introduction
Varicocele is a frequent clinical condition among adult males (i.e. 15-20%) 1,2, characterized by the
detection of abnormally dilated tortuous veins within the pampiniform plexus 3,4. This incidence is even
more prevalent evaluating cohorts of infertile men, reaching 35-40% 1,2. Thus, not surprisingly, the
association between varicocele and male infertility has been largely investigated by both clinicians and
researchers dealing with couple infertility, obtaining inconclusive results. Among the suggested potential
mechanisms linking varicocele to infertility, the most accredited are (i) increase of reactive oxidative
species, (ii) sperm DNA damage, (iii) increase scrotal temperature and (iv) reduction of the supply of
oxygenated blood and nutrients 5-8. Since all these mechanisms could lead to semen quality impairment,
the varicocele-induced alteration of semen parameters is probably due to a combination, not exactly
quanti ed, of these various insults.
Generally, varicocele develops during puberty and occurs more often on the left side for anatomic reasons
9,10.

However, its diagnosis is commonly delayed, especially in asymptomatic cases, until the man
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consults an andrologist for couple infertility. The physical examination allows to classify varicocele
according to a three-graded scale 11. Then, varicocele diagnosis is con rmed at ultrasonography
evaluation, whereby diverse scales have been proposed for classi cation 12,13. Several international
guidelines agree in recommending surgical treatment for varicocele when it is palpable and/or if
abnormal semen parameters are detected 14. On the contrary, there is no consensus about which surgical
approach should be considered the gold standard, leaving open a spectrum of possible procedures
ranging from the ligation of the spermatic vein to the microsurgical varicocelectomy 15,16.
Alongside the shared surgical indications for varicocelectomy in the context of male infertility, the
effective semen parameters restoration after surgical correction constitutes a debated issue. Several
studies investigated varicocelectomy e cacy on semen parameters improvement and many authors
described a signi cant semen quality improvement after varicocelectomy 17-20, whereas others did not 2124

. Trying to overcome these contradictory results, several meta-analyses have been published on this
topic. Schauer et al. evaluated 14 studies, highlighting a signi cant improvement in both sperm count
and motility after surgical varicocelectomy 25. Similarly, Kim et al. meta-analysed seven trials, detecting a
signi cant gain of progressive sperm motility, without any effect on sperm count and morphology 26.
Moreover, Wang et al. highlighted a reduction of sperm DNA fragmentation after surgical varicocele
removal, evaluating 12 clinical trials 27. However, all meta-analytical approaches in this context were
burdened by an extremely high heterogeneity of the studies included and, consequently, a weak statistical
power, precluding a clear assessment of the e cacy of varicocelectomy. Comprehensively, it can be
reasonably assumed that surgical varicocele correction improves semen parameters only in a subgroup
of patients, exerting its bene cial effect mainly on semen quality, rather than on sperm number. However,
the vast majority of trials on this topic did not report an improvement in sperm morphology. Although the
spectrum of sperm morphological anomalies described in the world health organization (WHO) manual is
broad and detailed 28, these parameters are generally reported in clinical practice as a binary variable (i.e.
morphologic anomalies presence or absence). Thus, a detailed morphological microscopic sperm
evaluation has never been considered as a potential measurement tool to evaluate the effect of
varicocele surgical repair so far.
With this in mind, this cohort study was designed to evaluate the effect of varicocele correction on
detailed morphological microscopic sperm characteristics in a large, homogeneous cohort of patients,
followed at the same clinical centre. As secondary objective, our study aimed at identifying those factors
able to predict the seminal response to varicocelectomy, allowing a potential cost-bene t evaluation.

Materials And Methods
Study design
An observational, retrospective clinical cohort study was carried out including patients followed from
September 2011 to March 2020. All patients undergoing surgical treatment for varicocele at the Day
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Surgery of the Urology Operative Unit of the Santa Maria Nuova Hospital - IRCCS of Reggio Emilia, were
evaluated. Figure 1 shows patients’ selection criteria.
The following inclusion criteria were considered: (i) diagnosis of varicocele at ultrasound examination, (ii)
attending surgical resolution, (iii) with at least two conventional semen analyses available, one before
and one after surgery. On the contrary, we excluded patients with (i) diagnosis of varicocele without
surgical indication, and/or (ii) semen analyses performed only once.
Each patient was evaluated twice, before and after surgery. At each visit varicocele was assessed by both
physical examination and ultrasonography (US). In particular, the US varicocele degree was evaluated in
resting conditions and after Valsalva manoeuvre, graded according to the Sarteschi’s 5-item scale 13.
Moreover, at each visit a semen sample was collected before and 3-12 months after surgical varicocele
repair, according to the clinical practice 29. When more than one semen analysis has been performed after
surgery, the only one falling within 3-6 months after repair was considered 30.

Surgical techniques
Surgery was performed according to three different surgical techniques. Surgical subinguinal
varicocelectomy provided a 3-cm transverse skin incision over the pubic ramus just below the external
ring 31. The cord structures were grasped carefully with an atraumatic clamp and elevated into the
wound. The external spermatic fascia was split and divided and vas deferens and its vascular bundle
was isolated and preserved. All veins within the spermatic cord were ligated with absorbable ties. The
inguinal varicocelectomy required a 3–4-cm incision over the lower inguinal canal and carried down to
and through the Scarpa fascia to isolate the aponeurosis of the external oblique muscle 31. The
spermatic cord within the canal was isolated and elevated from the wound and then divided and vas
deferens, perivasal vessels, testicular artery, and lymphatics were all spared, and the veins ligated. Finally,
anterograde scrotal sclerotherapy was performed by Tauber technique under local anaesthesia 32. The
spermatic cord was isolated and suspended, the anterior pampiniform plexus was isolated and
cannulated. After a phlebography of the spermatic district, the sclerotization was carried out introducing
simultaneously 1 mL of air followed by 4 mL of 3 % ethoxysclerol.

Outcomes
Detailed morphologic microscopic sperm evaluation was considered primary endpoint of the study.
Secondary endpoints were: aspect, uidi cation, viscosity, and conventional semen analysis.

Semen analysis
Semen analysis was performed according to the fth version of the WHO manual 28. Semen parameters
were analysed for volume, sperm count, sperm motility and sperm morphology. The microscopic,
morphological sperm evaluation was performed in three consecutive steps. First, a drop of semen was
placed in the center of a slide, and a second slide was placed on top to obtain two samples. Second, the
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slides were xed in methanol for 10 minutes, stained with GIEMSA solution for 40 minutes, washed with
phosphate buffer and nally air dried. Third, slides were examined with a bright eld optical microscope
at 1000x magni cation, using the immersion objective, with evaluation of about 200 spermatozoa in two
successive determinations. Once the difference between the two counts was greater than 10%, the
evaluation was repeated.
According to the WHO recommendations 28, sperm morphology was evaluated in detail, considering the
head, the midpiece and the tail. In particular, head anomalies include the possible presence of elongated,
pyriform, duplicated, irregular, microcephaly, macrocephaly, duplicated, and/or vacuolated sperm head.
Anomalies of the neck and the middle piece were described in case of asymmetrical or angled insertion
of the midpiece in the head, and/or presence of abnormal excess cytoplasm larger than one third of the
head size. Tail anomalies were reported in case of short, absent, curled, and/or duplicated tail 28.
Although the WHO describes the detailed morphologic microscopic sperm evaluation, this is not routinely
used in clinical practice.

Statistical analysis
A rst analysis was performed to describe the clinical characteristics of the patients and their varicocele.
In particular, varicocele relapse was evaluated, and the comparison between pre- and post-analysis was
performed excluding patients in whom a complete varicocele resolution was not achieved after surgery.
Continuous data distribution was rst evaluated by Kolmogorov-Smirnov test. Normally distributed
parameters were compared before and after surgery using ANOVA-univariate analysis, whereas not
normally distributed parameters were compared using Man-Whitney U-test. Similarly, categorical
variables were compared before and after surgery using Fisher Exact test. The number of patients with a
signi cant improvement of sperm concentration was calculated and transformed in categorical variable.
This parameter was used as dependent variable in multivariate logistic analysis, setting the following
independent variables: age, varicocele degree at ultrasound, unilateral/bilateral, surgical approach and
interval between surgery and semen analysis. This analysis was repeated using as dependent variables
both sperm motility’ and morphology’s improvement after surgical treatment.
A logistic multivariate regression analysis was performed, considering all continuous variables available
as covariates and categorical variables as cofactors. This analysis was performed in order to evaluate
the change before and after surgery, which was considered as categorical, dependent variable. Moreover,
a neural network technology was applied, using Bayesian analysis. The number of the visit, considered as
pre- and post-surgery, was used as dependent variable, all continuous variables were included as
covariates and all categorical variables as cofactors. The training step of the neural network randomly
selected 70% of the dataset and the nal model was validated on the remaining 30%.
Statistical analysis was performed using the “Statistical Package for the Social Sciences” software for
Windows (version 26.0; SPSS Inc., Chicago, IL, USA). For all comparisons, p<0.05 was considered
statistically signi cant.
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Ethical statement
This study was conducted in accordance with the ethical standards of the Helsinki Declaration (1975,
revised in 2013) and the study protocol was approved by the North Vast Area Ethics Committee (protocol
number AOU 0024637/19). Considering the retrospective study design, Informed Consent was waived by
the North Vast Area Ethics Committee.

Results
Cohort characteristics
One hundred and twenty-one patients were enrolled (Figure 1). The mean age at surgery was 24.6 + 6.1
years.
Varicocele was detected at physical examination in 71.9% of cases (87 patients). Varicocele was
unilateral (left-side) in 112 (92.6%) and bilateral in 9 patients (7.4%). At US examination, varicocele
degrees were I in 6.6% (8 patients), II in 43.8% (53 patients), III in 38.8% (47 patients), and IV in 10.7% of
cases (13 patients).
The surgical intervention applied was not homogeneous throughout the series. In particular, the inguinal
approach phlebotomy was selected for 25 patients (20.7%), the sub-inguinal approach for 92 patients
(76%) and the percutaneous sclerosis for 4 patients (3.3%). Intriguingly, varicocele relapse was reported in
15 patients (12.4%) at the rst follow-up visit. The varicocele persistence was not signi cantly different
among surgical approaches (p=0.057). At this stage, antioxidant therapy was empirically prescribed to 5
patients (4.1%). As reported in the methods section, both patients with varicocele relapse and those
treated with anti-oxidants were excluded from the following analyses.

Comparison between pre- and post-surgery
The post-surgical semen analysis was performed after a mean of 183.7 + 112.5 days since the surgery.
Considering the detailed morphologic microscopic evaluation, a signi cant improvement was detected.
Indeed, head abnormalities showed a signi cant reduction, considering microcephaly (3.3 + 3.6 versus
2.2 + 2.9%, p=0.015), macrocephaly (1.4 + 0.6 versus 1.2 + 0.9%, p=0.043) and cytoplasmic appendix (1.4
+ 0.8 versus 0.9 + 1.2%, p=0.041). Moreover, surgery led to a signi cant reduction of tails abnormalities,
considering absence (0.6 +2.3 versus 0.1 + 0.7, p=0.048) and coiled tail (5.2 + 1.5 versus 6.6 + 2.0,
p=0.037). Thus, surgical varicocele resolution leads to a signi cant improvement in speci c
morphological semen parameters.
Considering conventional semen parameters, the surgical treatment leads to a signi cant increase in
sperm concentration (p=0.015) and percentage of progressive and total motility (p=0.022 and p=0.039,
respectively), with a signi cant decrease in the percentage of immotile sperms (p=0.013) (Table 1). In
particular, semen concentration improved in 71.7% of patients (76 patients) (p=0.010). Moreover, a
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signi cant reduction in spermatids’ count in semen samples after surgery was recorded (56.2% versus
39.3%, p=0.011). Other conventional semen parameters did not signi cantly change after surgery (Table
1).
Subdividing patients according to unilateral/bilateral varicocele, the surgical treatment led to an
improvement in sperm concentration (p=0.028) and progressive and total motility (p=0.041 and p=0.031,
respectively) when only unilateral varicocele has been considered. On the contrary, only progressive
motility improved after surgery when bilateral varicocelectomy was performed (p=0.024). However, the
latter result has been obtained considering only 9 patients, limiting the statistical power of this nding.
Similarly, sub-inguinal phlebotomy led to a signi cant improvement in sperm concentration (p=0.020),
progressive and total motility (p=0.021 and p=0.015, respectively), and immotile sperms (p=0.012). On
the contrary, no statistically signi cant differences were detected considering either the inguinal approach
or the sclerectomy procedure. However, this lack of statistical signi cance could be explained by the
relative low number of patients treated with these two different surgical approaches (i.e. 25 and 4
patients, respectively).
A logistic multivariate analysis was performed in order to comprehensively identify those parameters that
changed after surgery. Considering all continuous and categorical variables in the analysis, we obtained a
mathematical model that reached a statistical signi cance (p=0.006), with a posteriori power of 89%.
Using this model, we con rmed that after surgery there was a simultaneous increase of sperm
concentration and progressive sperm motility, together with a decrease of head abnormalities (elongated
forms, microcephaly, macrocephaly, abnormal acrosome, absence of the acrosome) and other
spermatogenic cells, such as spermatids’ number (Table 2). This result was further evaluated by neural
network analysis. The nal model identi ed 2 hidden layers activated by the hyperbolic tangent able to
describe the 94.1% of the dataset. The normalized relevance showed that 21.5% of the model was
described by sperm concentration, suggesting that surgical varicocele repair rst improves sperm
concentration (Figure 2). Interestingly, the two further variables entering the model were normal forms
(10.6%) and irregular head (8.6%) (Figure 2), suggesting that the surgical treatment signi cantly improve
the semen quality in terms of semen morphology, considering also non-conventional and microscopic
variables, such as the sperm head characteristics.

Predictive variables of semen improvement
In order to evaluate which parameters could in uence semen improvement after surgical treatment, a
multivariate logistic analysis was performed as described in the Materials and Methods paragraph. In
this setting, only ultrasound varicocele degree before surgery signi cantly predicted the improvement of
sperm concentration (p=0.016). In particular, the number of patients with improved semen parameters
was higher for varicocele of I and II degree (62.5 and 67.9%, respectively) than patients with III and IV
degree (49.6 and 50.8%, respectively) (p=0.008). This result suggests that the surgical approach obtained
better results for milder varicocele compared to severe forms, in terms of sperm concentration increase.
Similarly, this result suggests that the patient’s age, as well as the surgical approach or the
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unilateral/bilateral varicocele, do not in uence the nal improvement of semen parameters. Interestingly,
these results were con rmed setting either sperm motility or morphology improvement as dependent
variables.

Discussion
Surgical varicocele repair improves seminal parameters in terms of sperm number and motility (both
progressive and total). Although the sperm morphology seems not to be in uenced by the surgical
correction if reported as a binary variable (i.e. normal or abnormal), a more detailed microscopic
morphologic sperm evaluation highlights a relevant reduction in cell abnormalities.
The literature dealing with couple infertility treatments is burdened by the identi cation of the most
appropriate end-point. Although pregnancy and live birth rates are clearly the strongest end-points in this
setting, semen parameters remain the most reliable variable to evaluate the e cacy of a male factor
treatment, including varicocele correction. Accordingly, many original articles measured the clinical
bene t induced by varicocele surgical correction in male infertility through the potential improvement in
conventional semen analysis parameters 25,33. However, no studies so far applied the detailed
morphologic microscopic sperm evaluation as primary endpoint of the surgical treatment. Indeed, our
results demonstrated for the rst time a microstructural sperm improvement after surgery, sustained by a
reduction in head (i.e. microcephaly, macrocephaly and cytoplasmic appendix) and tail (i.e. agenesis and
coiled form) abnormalities. Albeit the detailed microscopic morphological evaluation is not commonly
applied in both clinical and research elds, microscopic sperm alterations have been described in patients
carrier of varicocele 34. Therefore, our results con rm the potential capability of varicocele treatment to
ameliorate semen quality, highlighting a novel parameter able to measure it. Thus, our study
demonstrates once again the potential semen improvement after surgical varicocele repair, with a speci c
novel focus on sperm morphology.
In this study, the clinical effect of the varicocele surgical treatment was analysed with a more complex
statistical approach than those used so far, including different parameters obtainable in clinical practice,
and trying to overcome the limitations imposed by conventional semen analysis 35. Indeed, more
elaborate statistical approaches would be useful to analyse an outcome that could be described or
measured with different variables (i.e. surgical varicocele correction e cacy measured through sperm
number, motility, morphology (binary), morphology (detailed), fructose, citric acid etc.) 36,37. Thus, we
applied both logistic multivariate regression analysis and neural networks con rming the clinical e cacy
of surgical restoration. Regardless of the complexity of the analysis used, when all available parameters
entered into the model, it is con rmed that varicocelectomy improves both the quantity (sperm
concentration) and the quality (head and tail abnormalities) of semen. In addition, this statistical model
was applied also to identify potential predictive variables of surgery e cacy. In our series, the semen
improvement is predicted by varicocele US degree. Intriguingly, better results are obtained when milder
varicocele is diagnosed at baseline, as previously suggested in a meta-analysis evaluating only subPage 9/18

clinical varicocele 26. On the contrary, the patient’s age seems not to be related with the post-surgery
seminal improvement. This result is in contrast with other reports 38,39 but, probably, in our setting the
duration of varicocele is a more a relevant parameter than age at surgery.
In our cohort, seminal improvement is detected only in patients treated with sub-inguinal ebectomy. This
is contrast with previous studies highlighting a substantial overlap among surgical procedures 40-42.
However, our results could be due to the predominance of patients treated with the sub-inguinal surgical
access (76% of the series). The surgical procedure presented a relapse rate of 12.4% (15 cases on 121) in
our casuistry, independently of the technique applied. This rate is in line with data available in the
literature 43.
Our study has several limits, such as the retrospective study design and the imbalance among surgical
approaches. Indeed, the study does not provide a case-control approach to compare the surgical
techniques. Moreover, the limited availability of patients’ clinical data prevented a more comprehensive
predictive analysis. Finally, not all patients underwent varicocelectomy in the context of an assisted
fertilization process, so data on post-surgery pregnancies is not available.
The strength of our study is the sample size. Indeed, previous trials on the same topic enrolled an average
of 41 patients (minimum: 19, maximum: 82). Moreover, our case series was homogeneous, since all
males were managed in the same clinical centre, with semen analyses performed in the same high-level
laboratory. Finally, the use of detailed morphologic semen evaluation represents a point of strength and
innovation, since it was not considered so far as an outcome of the surgery.

Conclusions
The detailed morphologic sperm evaluation has been identi ed as a novel parameter expressing the postsurgical semen amelioration after varicocelectomy. Moreover, milder varicocele US degrees are expected
to obtain better results in terms of semen parameters improvement. This result has clinical implications,
since it could help to select those patients in which the dilemma ‘treat or not treat’ occurs.
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Tables
Table 1. Conventional semen parameters pre-and post-surgery. Bold value represents statistically
signi cant difference.
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Pre-surgery

Post-surgery

p-value

Semen volume (mL)

3.1 + 1.3

3.0 + 1.2

0.571

Sperm concentration (millions/mL)

32.6 + 30.6

43.9 + 39.4

0.015

Total sperm number (millions)

99.0 + 99.5

121.9 + 113.2

0.115

Progressive motility (%)

39.1 + 15.5

44.0 + 17.1

0.022

Non-progressive motility (%)

11.8 + 7.8

10.9 + 5.6

0.350

Immotile sperm (%)

49.0 + 14.6

44.8 + 16.6

0.039

Total motility (%)

50.7 + 14.4

55.8 + 16.8

0.013

Normal forms (%)

2.02 + 2.1

3.4 + 12.8

0.275

Fructose (µmol/ejaculate)

59.4 + 39.5

55.1 + 35.3

0.400

Citric acid (µmol/ejaculate)

85.5 + 46.8

88.0 + 50.8

0.714

pH

Table 2. Logistic multivariate analysis results. For each parameter included in the regression analysis, the
strength of the regression (F) and the p-value were reported. Bold value represents statistically signi cant
variable.
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F

p-value

Age at surgery

0.172

0.679

pH

1.201

0.273

Semen volume

1.167

0.280

Sperm concentration

6.334

0.005

Total sperm number

1.100

0.078

Progressive motility

7.499

0.004

Non-progressive motility

0.517

0.472

Immotile sperm

0.044

0.834

Total motility

0.970

0.325

Normal forms

1.410

0.235

Fructose

0.008

0.931

Citric acid

1.241

0.265

Elongated head

5.881

0.015

Pyriform head

1.032

0.614

Microcephaly

4.389

0.036

Macrocephaly

4.842

0.028

Duplicated head

0.113

0.737

Irregular head

1.642

0.210

Abnormal acrosome

7.758

0.005

Absent head

0.066

0.797

Acrosome agenesis

5.568

0.018

Cytoplasmic appendix

0.347

0.556

Absent tail

2.388

0.122

Short tail

0.058

0.810

Coiled tail

1.988

0.159

Duplicated tail

1.255

0.263
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Spermatocyte

0.908

0.341

Spermatids

9.400

0.002

Agglutination

0.014

10.000

Agglomerate

3.372

0.066

Mixed Anti-globuline Reaction (MAR) test

0.301

0.583

Leucocytes

2.897

0.235

Figures

Figure 1
Flow chart of the patients’ enrolment phase.
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Figure 2
Neural network analysis. The graph shows the relevance of each variable included in the neural network.
[Footnote to gure 2: MAR = Mixed Anti-globuline Reaction]
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