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introduCtion

Varicocele is the abnormal dilatation of pampiniform plexus 
veins.[1] Clinical findings are usually palpable soft scrotal mass 
and pain. In addition, varicocele is the most frequent reason of 
infertility in male patients.[1] The prevalence is approximately 
15% to 20% in the general population.[1] The prevalence 
increases up to 35%–44% of cases with primary infertility and 
45%–81% of cases with secondary infertility.[2] On the other 
hand, about 80% of varicocele cases are fertile.[3] The harmful 
outcomes of varicocele on testicular volume has been reported 
in previous studies.[4,5] Varicocele-associated testicular atrophy 
is the main indication for varicocelectomy in adolescents.[5] 
Varicocele generally occurs on the left side in most patients, 
because of the sharp angle between left spermatic vein and left 
renal vein.[6] Although the clinical investigation is the main 
method for the diagnosis, ultrasonography (US) is widely 

used as a basic imaging modality especially in subclinical 
varicocele cases. Dilation of the veins to a diameter of larger 
than 2 mm and increased width during the Valsalva maneuver 
are the diagnostic criteria.[7,8]

Shear wave elastography (SWE) is a novel, reproducible and 
noninvasive ultrasonographic imaging method used to evaluate 
the rigidity and elasticity of various tissues.[9] It provides 
quantitative data for assessment of parenchymal disorders. The 
effectiveness of SWE in assessing the stage of fibrosis caused 
by parenchymal injury has been demonstrated in different 
organs such as the liver, kidney, prostate gland, thyroid gland, 
musculoskeletal system, and breast.[10-16] Several studies have 
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been conducted about the effects of varicocele in testicular 
parenchyma and varicocele was found to change the testicular 
stiffness as measured by elastography.[9,17-21]

The purpose of this study was to use SWE to assess stiffness 
changes of testes in adult patients with varicocele, to compare 
the results with those of healthy contralateral testes of the same 
patients and normal testes of control group patients without 
varicocele. Furthermore, the relationship between varicocele 
and testicular volume changes was evaluated.

mAtEriAls And mEthods

In this prospective controlled study, institutional review 
board approval was acquired from the medical ethics 
committee (Protocol number of Ethics Committee approval: 
March 27, 2021). Written informed consent was acquired from 
each patient before SWE, and detailed information was given 
about the examination.

Patient selection and study design
This prospective comparative study was performed between 
April 2021 and September 2021. Inclusion criteria were 
male gender and age over 18 years. A total of 58 cases with 
varicocele (116 testes) and 58 control cases (116 testes) were 
enrolled in the study. 8 of the patients had bilateral varicocele. 
66 testes with varicocele were added to Group A, their 50 
health opposite side testes were added to Group B, and 116 
healthy control testes were added to Group C. The healthy 
individuals of control group subjects were randomly selected 
from the participants who had consulted for the scrotal US. In 
total 17 patients with a previous history of varicocelectomy, 
present or previous cryptorchidism, infection, hydrocele, 
pyocele, and abnormal testicular parenchymal echogenicity on 
US examination were excluded from this work. The inclusion 
and exclusion criteria of this study are summarized in Figure 1.

Ultrasonography and shear wave elastography examination
Patients were evaluated with US and SWE, and examinations 
were applied by two radiologists with more than 7 years of 
experience in scrotal US and 3 years of experience in SWE. The 
radiologists evaluated each modality independently and each 

radiologist had a similar number examination. All examinations 
were performed by using a high-frequency (4–18 MHz) 
linear probe of US unit (Philips, EPIQ, The Netherlands). 
The pampiniform plexus veins were evaluated in supine and 
upright positions with and without a Valsalva maneuver. 
First, the side of the varicocele (if there is) was noted and 
dilation of the pampiniform plexus veins to a width of 
larger than 2 mm in diameter, and increased width during 
the Valsalva maneuver were diagnosed as varicocele.[7,8] 
Moreover, three dimensions of each testis were measured 
by using light pressure in the supine position and testicular 
volume was calculated by the US machine using the following 
formula based on similar previous studies.[17,22] Testicular 
volume = length × width × height × 0.523 and expressed in 
milliliters (ml).

After the grayscale US examination was completed, 
the radiologist commenced the SWE examination. 
Two-dimensional SWE was examined at the resting state 
in supine position. While conducting the SWE evaluation, 
the probe was held as stable as possible by using very light 
pressure to avoid artifacts and incorrect measurements. 
Sections that were obtained longitudinally were selected for 
the measurements and 3 regions of interest (ROI) were placed 
with a diameter of 8 mm onto the color-coded confidence maps 
and performed three measurements. Three ROI circles were set 
at the upper, middle, and lower poles of the testis [Figure 2]. 
The mediastinum testis was excluded from the ROIs. Tissue 
stiffness was defined with a color range from blue (low) to 
red (high), corresponding to 0–200 kilopascals (kPa). As in 
previously conducted studies, automatically generated average 
stiffness values were used.[17,23] The average of the all 3 poles 
measurements was calculated. The results were recorded in 
units of kPa.

The mean SWE and testicular volume of the varicocele-positive 
patients were compared with those of the contralateral normal 
testes of the same patient and the normal testes of the control 
group.

Statistical analyses
Results of the mean age, testicular volume, and SWE values 
of all three groups are reported as the mean ± standard 

Figure 1: Flowchart of study enrollment population
Figure 2: An example image of shear wave elastography assesment of 
right testis in a 46‑year‑old male patient without varicocele
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deviation (SD). Levene’s test was used to assess the 
homogeneity of variances based on mean ± SD values. 
A parametric analysis of variance (one-way ANOVA) was 
used to compare all three groups and Student’s t-test was 
used for binary comparisons of the groups. The correlation 
between the testicular stiffness and volume was studied using 
Pearson’s correlation test (Pearson correlation coefficient = r). 
All statistical analyses were performed in SPSS (version 25.0, 
IBM Corp., Armonk, New York, USA) and a P value of lower 
than 0.05 was accepted to show statistical significance within 
a 95% confidence interval (CI).

rEsults

In total 116 male patients (232 testes) who met the criteria 
were enrolled in the study. Fifty-eight of these patients 
had varicocele in the left side (100%, 58/58), and eight 
of them bilateral varicocele (13.7%, 8/58). None of the 
cases had isolated right side varicocele. A total of 66 testes 
with varicocele were included to Group A and 50 healthy 
contralateral testes of these patients were included to Group B. 
Finally, 58 patients (116 testes) with bilateral healthy testes 
were included to healthy control Group C.

The mean age of Group A was 33.4 ± 10.3 years (18–67), 
Group B was 32.4 ± 9.7 years (18–61) and the mean age of the 
control Group C was 33.7 ± 12 years (18–68). There was not 
a statistically significant difference between these 3 groups in 
age (P = 0.817). The main complaints of symptomatic cases 
were recurrent chronic pain in the scrotum or a palpable soft 
scrotal mass which indicates dilated veins. Asymptomatic cases 
were mainly being evaluated for reproductive health.

The SWE values were 7.90 ± 2.26 kPa in Group A, 7.44 ± 1.90 kPa 
in Group B, and 7.94 ± 2.07 kPa in Group C. The variances were 
homogenous (P = 0.106). There was no significant difference 
in the mean SWE values between the 3 groups (P = 0.346, 
f = 1.066). There was no significant difference between 
two-group comparisons (P = 0.248 for Group A-B, P = 0.133 
for Group B-C, and P = 0.907 for Group A-C).

The mean testicular volume was 15.2 ± 4.16 mL in Group A, 
15.4 ± 4.58 mL in Group B, and 16.8 ± 4.30 mL in Group C. 
The variances were homogenous (P = 0.422). The mean 
testicular volume values in Group A were slightly lower than 
that of the other groups but there was no significant difference 
between the 3 groups (P = 0.081). Moreover, a statistically 
significant difference was found between Groups A and 
C (P = 0.028). Conversely, there was no significant difference 
between Groups A and B (P = 0.907) or Groups B and 
C (P = 0.094).

A significant correlation between testicular stiffness and 
volume was not detected for each group by using Pearson 
correlation test (r = −0.039, P = 0.553 for Group A, r = 0.070, 
P = 0.628 for Group B and r = −0.109, P = 0.276 for Group C).

The mean age, testicular volume, and SWE values of all groups 
are shown in Tables 1 and 2.

disCussion

SWE is a relatively new, reproducible, and noninvasive imaging 
method which gives information about histopathological 
changes in different tissues. It provides a precious quantitative 
evaluation of tissue stiffness and it is very useful in the 
evaluation of parenchymal disorders. Very few comparative 
studies have been conducted about the effects of varicocele in 
testicular parenchyma by using SWE.[17,22]

In our study with 116 patients and 232 testes, a significant 
difference was not observed between the 3 groups (A, B, and 
C) in mean age. A significant difference was observed in the 
mean testicular volumes between groups A and C. However, 
there was not a significant difference between Groups A and 
B or B and C. In our study, no significant difference was 
observed between the 3 groups regarding to mean SWE values. 
Furthermore, there was no significant difference for binary 
comparisons in terms of mean SWE values. Furthermore, a 
meaningful correlation was not observed between the mean 
SWE value and the mean testicular volume for each group. Our 
study verified that the testicular volume decreases in patient 
with varicocele compared with healthy testes.

In a very similar prospective study by Erdogan et al.,[17] 
100 patients and 200 testes were examined. 50 varicocele 
testes, 46 contralateral healthy testes of patients, and 104 
normal testes of healthy controls were added to Group A, 
B, and C, respectively. In this study, the mean testicular 
volume was 13.43 ± 4.64 mL for Group A, 14.29 ± 3.82 mL 
for Group B, and 15.2 ± 4.13 mL for Group C. There was no 
significant difference in the testicular volume between the 3 
groups (P = 0.035, f = 3.424). A significant difference was 
observed only between Groups A and C (P = 0.014) in binary 
comparisons. The statistical results of mean testicular volume 
confirm our study. The mean SWE values of this study were 
12.61 ± 6.23 kPa in Group A, 9.23 ± 3.23 kPa in Group B, 

Table 2: Binary comparison of each group for mean 
testicular volume findings

Group A versus C A versus B B versus C
Mean testicular 
volume

15.2±4.16 
versus 

16.8±4.30

15.2±4.16 
versus 

15.4±4.58

15.4±4.58 
versus 

16.8±4.30
P 0.028* 0.907 0.094
*P-value of lower than 0.05 shows statistical significance, Values are 
presented as mean±SD in milliliters. SD: Standard deviation

Table 1: The mean age, testicular volume and mean 
shear wave elastosonography values of each group

Group Age (year) Volume (mL) SWE value (kPa)
A 33.4±10.3 15.2±4.16 7.90±2.26
B 32.4±9.7 15.4±4.58 7.44±1.90
C 33.7±12 16.8±4.30 7.94±2.07
Results are showed as mean±SD. SWE: Shear wave elastosonography, 
SD: Standard deviation, kPa: Kilopascals
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and 9.4 ± 4.30 kPa in Group C. Contrary to our results, they 
observed a significant difference in the SWE values between 
the 3 groups (P = 0.001). Furthermore, SWE values of 
varicocele testes were higher than control healthy testes with 
a statistically significant difference (P = 0.001). In addition, 
similar to our study, there was no meaningful correlation 
between the mean SWE values and the testicular volume for 
each group.

In another prospective study, Dede et al. evaluated the association 
between elastography results, serum follicle-stimulating 
hormone levels, and varicocele in 30 patients by using 
acoustic radiation force impulse elastography.[9] This study 
enrolled only 30 patients with varicocele on the left side and 
30 patients without varicocele. They observed a negative 
correlation between testicular stiffness and the varicocele 
grade. Comparison of the groups showed a lower testicular 
stiffness in patients with varicocele. In another study by Turna 
and Aybar,[22] 116 testes of patients with varicocele (left side) 
and 58 testes of the normal control group were evaluated. 
This study demonstrated higher stiffness values in testes with 
varicocele than in the contralateral healthy testes and the testes 
of the normal control group (P < 0.001). In addition, there 
was no correlation between testicular stiffness and the grade 
of varicocele in this study (r = 0.102, P = 0.423).

Our study has a few limitations. First, we did not obtain 
any histological data of the patients. Second, in spite of the 
population was greater in our study than in the previously 
published studies[9,17] we suggest that more studies with a 
larger sample size are needed to verify the effectiveness of 
SWE in predicting testicular fibrosis and parenchymal damage. 
Third, we did not evaluate interobserver variability because 
of patient privacy. SWE examination were performed only in 
the longitudinal plane and from three regions. The grade of 
varicocele was not evaluated in this study. Although there are 
some new papers discussing the grading system for varicocele: 
Dubin and Amelar introduced the varicocele grading system in 
1970 when they evaluated whether preoperative varicocele size 
was related to semen parameter changes. The grading system 
classifies grade 1 varicocele as varicocele palpable only by the 
Valsalva maneuver, grade 2 as palpable at rest but not visible, 
and grade 3 as easily visible.[24]

ConClusion

Our study showed a lower mean testicular volume in testes 
with varicocele than in the testes of normal control group 
with a significant difference. A correlation was not observed 
between SWE values and varicocele, and also between SWE 
values and testicular volume. We suggest that SWE may play 
a supportive role to grayscale US in evaluating histopathologic 
changes in the testis due to varicocele, but more studies with 
larger populations are required to confirm the effectiveness of 
SWE in predicting testicular parenchymal damage. Although 
there are significant results in the literature, the nonsignificant 
results require a re-evaluation of the view that varicocele is 

effective on testicular stiffness. These results may also be due 
to society or race. We believe that studies with genetic factors 
and histopathological results of testicular parenchyma are 
needed to confirm the performance of SWE.
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