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Abstract
Background: Scrotal color Doppler ultrasound (CDUS) still suffers from lack of stand-
ardization. Hence, the European Academy of Andrology (EAA) has promoted a mul-
ticenter study to assess the CDUS characteristics of healthy fertile men (HFM) to 
obtain normative parameters.
Objectives: To report and discuss the scrotal organs CDUS reference ranges and 
characteristics in HFM and their associations with clinical, seminal, and biochemical 
parameters.
Methods: A cohort of 248 HFM (35.3 ± 5.9years) was studied, evaluating, on the same 
day, clinical, biochemical, seminal, and scrotal CDUS following Standard Operating 
Procedures.
Results: The CDUS reference range and characteristics of the scrotal organs of HFM 
are reported here. CDUS showed a higher accuracy than physical examination in de-
tecting scrotal abnormalities. Prader orchidometer (PO)- and US-measured testicu-
lar volume (TV) were closely related. The US-assessed TV with the ellipsoid formula 
showed the best correlation with the PO-TV. The mean TV of HFM was ~ 17 ml. The 
lowest reference limit for right and left testis was 12 and 11 ml, thresholds defining 
testicular hypotrophy. The highest reference limit for epididymal head, tail, and vas 
deferens was 12, 6, and 4.5 mm, respectively. Mean TV was associated positively with 
sperm concentration and total count and negatively with gonadotropins levels and 
pulse pressure. Subjects with testicular inhomogeneity or calcifications showed lower 
sperm vitality and concentration, respectively, than the rest of the sample. Sperm nor-
mal morphology and progressive motility were positively associated with epididymal 
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1  |  INTRODUC TION

One out of ten men of reproductive age suffers from fertility 
problems.1-3 Despite many technical advances that have improved 
diagnostic skills, the causes of male infertility are still obscure in 
half of cases.1,3,4 To fill this gap, in infertility clinics the imaging 
of the male genital tract (MGT) has been used more and more 
to detect MGT abnormalities.4 Among imaging techniques, color 
Doppler ultrasound (CDUS) is the easiest to perform, less expen-
sive, and time consuming, and is essentially free of side effects. 
CDUS is the gold standard for scrotal investigation, assessing re-
productive-, inflammatory-, and oncological-related features.4,5 In 
fact, scrotal CDUS can detect alterations in size, echotexture, and 
vascularization of the testis and epididymis that could eventually 
be associated with sperm abnormalities or inflammation (orchi-
tis, epididymitis).4,5 In particular, various testicular US parameters 
can be combined to predict sperm and testosterone levels impair-
ment.6 In addition, scrotal CDUS can detect lesions within the tes-
tis and epididymis suggesting benign or malignant findings.4,5,7-11 
Furthermore, scrotal CDUS provides information on epididymal 
and deferential abnormalities or agenesis, often correlated with 
obstructive infertility.4,5 Finally, scrotal CDUS is able to detect 
and stage varicocele, which can exert a negative impact on sperm 
parameters.4,5,7 Hence, scrotal CDUS has a relevant impact not 
only on reproductive but also on general male health, detecting 
abnormalities with a higher accuracy than physical examination4 
and, often, than other imaging techniques.5

Although CDUS is widely used to explore the MGT, there is 
still no consensus on the method to assess several qualitative 

and quantitative CDUS parameters.4 In addition, in clinical prac-
tice, there are often operator-dependent differences among so-
nographers in assessing and interpreting CDUS parameters. 
Furthermore, MGT normative parameters and the cutoff for distin-
guishing normal and pathologic features are still lacking.4 Finally, 
the possible correlation/impact of several CDUS findings on semen 
parameters and male fertility is still unclear.4 The aforementioned 
critical issues exert either a scientific or a clinical practice neg-
ative impact, including low comparability and reproducibility of 
data among operators, and no evidence-based CDUS reports for 
patients, respectively. Due to the lack of MGT-CDUS standard-
ization, the European Academy of Andrology (EAA) has promoted 
an international multicenter study entitled “Standardization of 
the MGT-CDUS parameters in healthy, fertile men” (shortened 
to “EAA ultrasound study”; see http://www.andro​logya​cademy.
net/studies) 12 aimed at establishing a cohort of healthy, fertile 
men of reference to define MGT-CDUS normative parameters. In 
a previous study13 on this cohort of 248 healthy, fertile men, we 
described: (a) the development and methodology of the “EAA ul-
trasound study,” (ii) the clinical, seminal, and biochemical parame-
ters of the cohort, and (iii) the correlations of both fertility history 
and seminal features with the aforementioned parameters. In par-
ticular, we reported that the seminal characteristics of the popu-
lation studied were consistent with those reported by the WHO14 
for the 50th and 5th centile for fertile men. This finding identifies 
the EAA cohort as a reference population to assess MGT-CDUS 
normative parameters.13

In the present study, we report and discuss the scrotal organs 
reference ranges and characteristics in healthy, fertile men, and 
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head size/vascularization and vas deferens size, respectively. Increased epididymis 
and vas deferens sizes were associated with MAR test positivity. Decreased epididy-
mal tail homogeneity/vascularization were positively associated with waistline, which 
was negatively associated with intratesticular vascularization. CDUS varicocele was 
detected in 37.2% of men and was not associated with seminal or hormonal param-
eters. Scrotal CDUS parameters were not associated with time to pregnancy, number 
of children, history of miscarriage.
Conclusions: The present findings will help in better understanding male infertility 
pathophysiology, improving its management.
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their associations with clinical, seminal, and biochemical parameters. 
Transrectal CDUS reference ranges and characteristics in fertile men 
will be reported separately.

2  |  METHODS

The “EAA ultrasound study” was designed as a multicenter, inter-
national, observational study.13 Eleven EAA Centers (Ancona, Italy; 
Barcelona, Spain; Cairo, Egypt; Catania, Italy; Florence, Italy; Giessen, 
Germany; Halle, Germany; L’Aquila, Italy; Muenster, Germany; Rome, 
Italy; Tartu, Estonia) joined the project and enrolled 248 healthy, fer-
tile men from February 2016 to February 2019. The inclusion criteria 
of the “EAA ultrasound study”13 were as follows: 1. healthy, fertile 
men (see below); 2. age ≥ 18 years; 3. capacity to give consent for 
study participation. “Fertile men” were defined as (a) partners of a 
pregnant woman in the second or third trimester of pregnancy or (b) 
men with a child less than one year old, achieved through natural con-
ception.13 “Healthy men” were defined as subjects with no personal 
history of previous or current systemic diseases or treatments with a 
recognized negative effect on semen parameters.13 All subjects were 
asked to undergo a standardized protocol performed entirely in the 
same day, including scrotal and transrectal CDUS before and after 
ejaculation; personal and medical history and physical examination; 
blood sampling for the determination of biochemical parameters and 
semen analysis.13 The Standard Operating Procedures (SOPs) for the 
assessment of scrotal CDUS qualitative and quantitative parameters 
and the intra- and inter-operator comparability of the MGT-CDUS 
parameters among different operators have been defined during 
investigator meetings organized before starting the enrollment of 
healthy, fertile men, as previously reported,7 and are extensively de-
scribed below.

2.1  |  Clinical, biochemical, and seminal  
parameters

The methods related to the clinical, seminal, and biochemical param-
eters of the cohort studied have been reported and discussed in a 
previous study.13 In particular, testicular volume (TV) was clinically 
assessed using the Prader orchidometer (PO), and general and an-
drological physical examination were carefully performed according 
to previous reports.13

2.2  |  Standard Operating Procedures (SOPs) 
for the assessment of scrotal CDUS qualitative and 
quantitative parameters

The scrotal CDUS parameters to be analyzed and the methods 
used to evaluate them were standardized and reported at http://
www.andro​logya​cademy.net/studies. 12 In addition, exemplary fig-
ures reporting (a) how to measure quantitative parameters and (b) 

classifications of qualitative characteristics—using Likert scales—of 
the scrotal organs were reported on the EAA website,12 and Figure 1 
shows the most relevant figures. Furthermore, intra- and inter-
operator comparability in assessing and interpreting MGT-CDUS 
parameters was evaluated (see below) in order to reduce as much 
as possible operator-dependent differences among sonographers. 
Finally, standardized schedules to report parameters detected be-
fore and after ejaculation in each EAA Center were uploaded and 
made available at http://www.andro​logya​cademy.net/studies. 12

2.3  |  Scrotal CDUS

Scrotal CDUS has been performed systematically on all subjects in var-
ious longitudinal, transverse, and oblique scans with the patient lying 
in a supine position using a high-frequency linear probe (7-15 MHz).4 
The different EAA Centers used the following ultrasonographic con-
soles: Ancona, Console HD7 XE (Koninklijke Philips NV, Amsterdam, 
Netherlands), probe L12-5 50 mm linear array; Barcelona, ACUSON 
S2000™ (Siemens Medical Solutions USA, Inc), probe 18L6; Cairo, 
Mindray DC-3 (Shenzhen, China), linear probe 7L4A; Catania, MyLab 
Class C (Esaote SpA), linear probe LA523; Florence, MyLab Class 
C (Esaote SpA), linear probe LA523; Giessen, BK Medical Pro Focus 
(BK Medical), linear probe LA8811; Halle, SONOLINE G60 S (Siemens 
Medical Solutions), linear probe 7.5L70; L’Aquila, Logiq7 (General 
Electric, Healthcare), probe GE 10L; Muenster, BK Medical Pro Focus 
Ultraview 2202 (BK Medical), linear Probe 8670; Rome, Philips IU22 
unit (Philips) with a 7-15 MHz wideband linear transducer; Tartu, Flex 
Focus 400 (BK Ultrasound), linear probe 8811.

2.4  |  Testis and scrotal sac

The localization of the testis (scrotal sac, high scrotal, or cryptorchid 
position) was investigated. The three maximum diameters of each 
testis (anterior-posterior [height] and transverse [width] diameters in 
transverse scan; longitudinal diameter [length] in longitudinal scan; 
Figure 1, panel A) were systematically measured in all subjects. In order 
to assess that the same pressure was exerted both in transverse and 
longitudinal scans, the concordance of the anterior-posterior diameter 
in side-by-side transverse and longitudinal scans was checked before 
measuring the transversal and longitudinal testicular diameters. When 
the testicular longitudinal diameter was longer than the linear probe 
transducer and one or both testis poles were not entirely visible, the 
longitudinal diameter was measured using a convex probe. Testicular 
volume was calculated according to different mathematical formulas 
(ellipsoid [length x height x width x 0.52], Lambert's formula [length x 
height x width x 0.71], Hansen's formula [length x width2 x 0.52]).4,15

Testicular echotexture homogeneity was classified by the EAA 
ultrasound consortium on a four-point Likert scale (0. homogeneity; 
1. mild (grade 1) inhomogeneity [presence of small hypoechoic foci/
thin hypoechoic striae]; 2. moderate (grade 2) inhomogeneity [pres-
ence of thick hypoechoic striae]; 3. severe (grade 3) inhomogeneity 
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[diffuse inhomogeneity with “netting”/“geographical map” appear-
ance]) (Figure 1, panel B). Testicular echogenicity was classified on 
a three-point Likert scale (0. normoechoic; 1. mainly hypoechoic; 2. 
mainly hyperechoic) (Figure 1, panel C).

The presence of any testicular abnormality was investigated and 
reported. Calcifications were assessed measuring their maximum 
diameter. Macrocalcifications were defined as a size > 3 mm, accord-
ing to previous reports4 (Figure 1, panel D). Microcalcifications were 
defined as small (1-3  mm) bright echogenic foci with no acoustic 
shadowing.4 The maximum number of microcalcifications in a single 
US scan was evaluated. Testicular microlithiasis was defined as the 
presence of ≥ 5 microcalcifications in a single US scan4 and classified 
as limited, “clusters” or diffuse (“starry sky” appearance)4 (Figure 1, 
panel D). The localization of the calcifications was reported, con-
sidering three arbitrarily defined virtual areas of the testis: upper, 
middle, and lower third. Accordingly, the localization of other testic-
ular US abnormalities (see below) was investigated considering the 
aforementioned virtual areas of the testis.

The presence of testicular cysts, their localization, and the three 
diameters of the major cyst were detected in order to calculate its 
volume with the ellipsoid formula. The presence of a dilated rete 
testis was reported, and three diameters measured in order to cal-
culate its volume with the ellipsoid formula. The presence of testic-
ular nodules, their three diameters, characteristics (0.cystic; 1.mixed; 
2.solid), shape (0.regular; 1.irregular), homogeneity (0.homogeneous; 

1.inhomogeneous), echogenicity (0.normal echogenicity; 1.mainly hy-
poechoic; 2.mainly hyperechoic), calcifications and/or cysts (0.absent; 
1.present) and vascularization (0.absent, 1.peripheral, 2.intranodular) 
were assessed (see http://www.andro​logya​cademy.net/studi​es)12

Testicular arterial vascularization was also investigated. Arterial 
peak systolic velocity (PSV), acceleration, resistive index (RI), and pulsa-
tility index (PI) were measured by sampling the testicular artery—in the 
spermatic cord, two centimeters before the entrance to the gonadal 
hilum15—(Figure 1, panels E and F) and by sampling the intratesticular 
arteries (recurrent rami of the centripetal arteries; Figure 1, panels E 
and F), obtaining their values as the mean of three measurements and 
comparing their flow characteristics with the standard ones, as previ-
ously reported,16 to ensure that the right arteries were sampled.

The presence of testis appendices was reported and the longi-
tudinal diameter measured. The presence of extra-testicular calcifi-
cations (including scrotoliths) was reported and the major diameter 
measured. The presence of hydrocele was reported and three diam-
eters measured in order to calculate its volume. A convex probe was 
used to assess the hydrocele when bulky.

2.5  |  Epididymis and proximal vas deferens

Epididymal CDUS features were evaluated in its three segments (head, 
body, and tail). The longitudinal diameter of the epididymal head was 

F I G U R E  1  Standard Operating Procedures (SOPs) for the assessment of the main scrotal color Doppler ultrasound (CDUS) qualitative 
and quantitative parameters. The scrotal CDUS parameters analyzed and the methods used to evaluate them are extensively reported 
and discussed in the main text and at http://www.andro​logya​cademy.net/studies. 12 Panel (A) standardized measurement of the three 
diameters of the testis: (a) anterior-posterior diameter (D2; height [H]) and transverse diameter (D3; width [W]) in transverse scan and (b) 
longitudinal diameter (D1; length [L]) in longitudinal scan. V, testicular volume (reported here as automatically calculated with the ellipsoid 
mathematical formula). Panel (B) testicular echotexture homogeneity classification of the EAA ultrasound consortium: (a) homogeneity; 
(b) mild (grade 1) inhomogeneity: presence of small hypoechoic foci (arrowheads)/thin hypoechoic striae (arrows); (c) moderate (grade 
2) inhomogeneity: presence of thick hypoechoic striae (arrows); (d) severe (grade 3) inhomogeneity: diffuse inhomogeneity with 
“netting”/“geographical map” appearance. Panel (C) testicular echogenicity classification of the EAA US consortium: (a) normoechoic; (b and 
c) mainly hypoechoic; (d) mainly hyperechoic, echotexture. Panel (D) Testicular calcifications: (a) isolated macrocalcifications (size > 3 mm); 
(b) isolated microcalcifications (small [1-3 mm] bright echogenic foci with no acoustic shadowing; (c) limited and “clusters” (white circle) 
testicular microlithiasis (presence of ≥ 5 microcalcifications in a single US scan); (d) diffuse (“starry sky” appearance) testicular microlithiasis. 
M, mediastinum testis. Panel (E) schematic representation of the main arterial supply to scrotal organs (adapted from reference #4) and of 
the areas/arteries considered by the EAA US consortium to measure testicular and epididymal arterial vascular parameters (peak systolic 
velocity [PSV], acceleration [A], resistive index [RI] and pulsatility index [PI]; see at http://www.andro​logya​cademy.net/studies) 12: (a) 
testicular artery, sampled in the spermatic cord two centimeters before the entrance to the gonadal hilum (black square); (b) recurrent 
rami of the centripetal arteries (black triangle), defined in the main text as intratesticular arteries); (c) branch of the testicular artery at the 
epididymal head level (black circle), defined in the main text as epididymal head arterial supply; (d) deferential artery at the epididymal tail 
level (black rectangle), defined in the main text as epididymal tail arterial supply. Panel F, representation of sampling (a) testicular artery 
(arrow) and (b) intratesticular artery (recurrent branch of a centripetal artery [see above and Panel E]) (arrow) to measure testicular arterial 
vascular parameters (see above), showing their flow characteristics (compared with the standard ones16 to ensure that the right arteries 
were sampled). SC, spermatic cord; Eh, epididymal head; T, testis. Panel (G) measurement of the epididymal head (Eh, with triangular shape) 
length (D1; dashed line) in longitudinal scan from the top to the base of the triangle. T, testis. Panel (H) measurement of epididymal body 
(Eb) and tail (Eb) and of vas deferens (Vd) diameters (dashed lines) in longitudinal scan. Panel I, representation of sampling (a) epididymal 
head arterial supply—branch of the testicular artery—(arrow) and (b) epididymal tail arterial supply—branch of the testicular artery—(arrow), 
to measure epididymal arterial vascular parameters (see above), showing their flow characteristics. Panel J, CDUS with spectral Doppler 
analysis evaluation of the pampiniform plexus, showing the internal spermatic vein (ISV)22 and the largest vein (LV).18 The diameter (D1) of 
the LV, measured at rest and during the Valsalva maneuver18 (arrow), is > 3 mm, indicating vein dilation. A continuous retrograde venous flow 
at rest (***) and its velocity (V1), as well as the venous flow increase (^) during Valsalva maneuver (arrow) are shown. Of note, the presence of 
a venous vessel dilation (> 3 mm) characterized by a continuous venous reflux at rest, increasing during Valsalva maneuver, is consistent with 
a grade IV varicocele according to Sarteschi et al20/Liguori et al21 classifications,4 as well as with a “severe varicocele”4,23
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measured in a longitudinal scan from the top to the base of the triangle4 
(Figure 1, panel G). The anterior-posterior diameters of the epididymal 
body and tail and of the vas deferens were measured in a single longitu-
dinal scan according to previous studies4 (Figure 1, panel H).

Epididymal (three segments) and deferential homogeneity was 
classified as a dummy variable (0. homogeneous; 1. inhomogeneous), 
while echogenicity was scored on a three-point Likert scale (0. nor-
mal echogenicity; 1. mainly hypoechoic; 2. mainly hyperechoic). The 
presence and number of cysts of the epididymal head, body, and/
or tail and of the vas deferens, and the three diameters of the major 
cyst for each segment was reported. The presence of calcifications 
as well as of appendices of the epididymal head, body, and tail or 
of the vas deferens were investigated and measured. Epididymal 
vascularization was investigated, and arterial PSV, acceleration, RI, 
and PI were evaluated at the level of the head (branch of the testic-
ular artery) (Figure 1, panels E and I) and of the tail (branch of the 
deferential artery) (Figure 1, panels E and I). We also reported the 
qualitative presence of “hyperemia,” defined as a “diffuse enhanced 
vascularization.”4,17

2.6  |  Pampiniform plexus and varicocele

The pampiniform plexus was studied bilaterally performing grayscale 
and color Doppler examination with spectral Doppler analysis, with 
the patient supine and standing, at rest/during spontaneous breathing 
and during the Valsalva maneuver, according to the European Society 
of Urogenital Radiology (ESUR) guidelines.18,19 Measurement of the 
largest vein, irrespective of location, with the patient in the upright po-
sition (more informative than the supine one18) and during the Valsalva 
maneuver was performed in grayscale, according to ESUR guidelines.18 
In addition, measurement of the largest vein with the patient standing, 
at rest, was performed according to Sarteschi et al20/Liguori et al21 
classifications (essentially overlapping4; see below). Furthermore, the 
evaluation of the maximum diameter of the internal spermatic vein 
between the inguinal ligament and upper pole of the testis was per-
formed, according to a previous study,22 in order to assess a straight 
vein instead of the convoluted vessels below. Finally, the extension 
of the largest vein to the funicular region, upper or lower pole of the 
testis was detected. The presence of a retrograde venous flow was 
assessed with the patient standing, at rest, using the color Doppler 
with spectral Doppler analysis and angle correction, and classified as 
a dummy variable (0.absent or intermittent/fluctuating during spon-
taneous breath; 1.continuous). When a continuous retrograde venous 
flow at rest was detected, its velocity was measured. Therefore, the 
patient performed the Valsalva maneuver.

Varicocele was defined on a five-point scale, according to 
Sarteschi et al20/Liguori et al21 classifications (essentially overlap-
ping, according to reference #4), considering venous vessels > 3 mm 
at rest. In particular, “severe” varicocele was defined as venous ves-
sel dilation (> 3 mm) characterized by a continuous venous reflux at 
rest, increasing or not during a Valsalva maneuvre4,23 (Figure 1, panel 
J), consistent with grade IV and V varicocele according to Sarteschi 

et al20/Liguori et al21 classifications.4 Subclinical varicocele was de-
fined as venous reflux detected by CDUS but not clinically evident.24

2.7  |  Intra- and inter-operator comparability of 
scrotal CDUS parameters

During the third EAA investigator meeting, held in Florence on 
April 20, 2013, intra- and inter-operator comparability of the 
MGT-CDUS parameters were assessed on seven males of infertile 
couples. Intra-operator comparability was assessed for the main 
quantitative and qualitative scrotal CDUS parameters consider-
ing the results of three evaluations for each parameter (Table 1). 
Inter-operator comparability was derived from the measures and 
observations obtained by six different sonographists (FL, FF, OP, 
GS, EM, SC) for the main quantitative and qualitative param-
eters, respectively (Table  1). The comparability of quantitative 
and qualitative parameters was expressed using the coefficient 
of variation (CV) [(standard deviation (σ) / mean (μ)) x 100] and 
the concordance rate (CR) [(number of concordant observations/

TA B L E  1  Intra- and inter-operator comparability of the main 
scrotal color Doppler ultrasound parameters

Intra-operator 
comparability

Inter-operator 
comparability

Mean TV (ml) (ellipsoid formula) CV = 4.68 CV = 6.78

Testicular inhomogenicity (yes/no) CR = 100% CR = 83.3%

Testicular calcifications (yes/no) CR = 100% CR = 100%

Testicular artery PSV (cm/s) CV = 4.87 CV = 8.03

Intratesticular artery* PSV (cm/s) CV = 4.96 CV = 8.67

Epididymal head size (mm) CV = 2.23 CV = 3.91

Epididymal tail size (mm) CV = 4.28 CV = 4.67

Epididymal head inhomogeneity 
(yes/no)

CR = 100% CR = 100%

Epididymal tail inhomogeneity 
(yes/no)

CR = 100% CR = 83.3%

Vas deferens size (mm) CV = 3.27 CV = 5.27

LV diameter (mm) CV = 3.12 CV = 8.65

ISV diameter (mm) CV = 2.98 CV = 8.25

LV and ISV continuous reflux 
presence at rest (yes/no)

CR = 100% CR = 100%

Venous continuous reflux velocity 
at rest (cm/s)

CV = 4.68 CV = 7.68

Note: Data are derived from the evaluation of seven males of infertile 
couples. Inter-operator comparability has been obtained from measures 
and observations of six different sonographers. TV, testicular volume; 
PSV, peak systolic velocity; LV, largest vein18; ISV, internal spermatic 
vein22; *intratesticular artery indicates a recurrent branch of a 
centripetal artery of the testis. CV = coefficient of variation [(standard 
deviation (σ) / mean (μ)) x 100]. A CV < 10 is considered acceptable.26 
CR = concordance rate, [(number of concordant observations/number 
of operators) X 100)].
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number of operators) x 100)], respectively.25 A CV < 10 is consid-
ered acceptable.26

2.8  |  Statistical analysis

Data were expressed as mean ± SD when normally distributed, as 
medians (quartiles) for parameters with non-normal distribution, 
and as percentages when categorical. The reference range for scro-
tal organs was estimated according to the Clinical and Laboratory 
Standard Institute (CLSI) Guidelines,27 as the 5th and the 95th 
percentiles of its distribution. Correlations were assessed using 
Spearman's or Pearson's method, whenever appropriate. Stepwise 
multiple linear or logistic binary regressions were applied for multi-
variate analyses, whenever appropriate. When distribution could be 
normalized through logarithmic transformation, the same test was 
applied to logarithmically transformed data. For continuous param-
eters, a comparison between two groups in an univariate setting was 
performed, with unpaired two-sided Student's t tests for variables 
with normal distribution or Mann-Whitney U-test for variables with 
not normal distribution, and analysis of covariance (ANCOVA) was 
used for comparisons between two groups in a multivariate setting. 
Relative risk and 95% confidence interval were calculated for as-
sociation of categorical parameters, and chi-squared test was used 
for comparisons, using the Fisher's exact test whenever appropri-
ate. Multivariate analyses of categorical parameters were performed 
using a binary logistic regression model. Multivariate analyses were 
performed adjusting for confounders including male age, waistline, 
smoking habit, alcohol consumption, physical activity, calculated 
free testosterone levels, and number (#) of EAA Centers (“adjusted 
model”), unless otherwise specified. In particular, current smoking, 
alcohol consumption and physical activity were codified as dummy 
variables 0-1 (no/yes), according to a previous study.13 Finally, the 
paired two-sided Student's t test was used to compare scrotal CDUS 
parameters evaluated before and after ejaculation. All statistical 
analysis was performed on SPSS (Statistical Package for the Social 
Sciences, Chicago, IL, USA) for Windows 26.0. A P < .05 was consid-
ered as significant.

3  |  RESULTS

Overall, 248 healthy, fertile men (35.3 ± 5.9 years; range 23-53) un-
derwent scrotal CDUS from February 2016 to February 2019. The 
socio-demographic, clinical, seminal, and biochemical characteris-
tics of the sample have been reported in a previous study.13

3.1  |  Intra- and inter-operator comparability of 
scrotal CDUS parameters

Table  1 shows the intra- and inter-operator comparability of the 
main scrotal CDUS parameters, reporting the coefficient of variation 

for quantitative parameters and the concordance rate between op-
erators for qualitative parameters.

3.2  |  Reference ranges of scrotal CDUS parameters

Table 2 shows the reference ranges of the testicular CDUS quantita-
tive parameters, including the diameters of the testes, the testicular 
volume using different mathematical formulas (ellipsoid, Lambert's, 
Hansen's), and the main blood flow parameters of the testicular ar-
teries (testicular artery and recurrent rami of the centripetal intrat-
esticular arteries), as well as the prevalence of testicular echotexture 
abnormalities. Table 3 shows the reference ranges of the epididymal 
and deferential CDUS quantitative parameters, including epididymal 
head, body and tail, the vas deferens, and the main blood flow pa-
rameters of the epididymal arteries (branch of the testicular artery 
supplying the epididymal head and deferential artery supplying the 
epididymal tail), as well as the prevalence of epididymal echotexture 
abnormalities. In addition, Table 3 shows the reference ranges of the 
pampiniform plexus veins and the prevalence of varicocele accord-
ing to the Sarteschi et al20/Liguori et al21 classifications.4

Of note, no difference was observed comparing each scrotal 
CDUS parameter before and after ejaculation (not shown), except 
for testicular, intratesticular, and deferential artery PSV, which were 
lower before (9.0 ± 3.0 cm/s, 5.7 ± 1.1 cm/s, and 5.5 ± 1.6 cm/s, re-
spectively) than after ejaculation (9.7 ± 4.2 cm/s, 7.3 ± 2.7 cm/s, and 
8.0 ± 1.1 cm/s, respectively; all P < .01). As a corollary, the left TV 
was significantly smaller than the right one, irrespective of the math-
ematical formula used (all P < .0001), with a median difference of 1.1 
[0.9-1.3] ml using the ellipsoid formula.

3.3  |  Correlations between scrotal CDUS and 
clinical parameters

Age was positively associated with mean US-measured TV, irrespec-
tive of the mathematical formula used (ellipsoid, r = 0.143; Lambert's, 
r = 0.142; Hansen's, r = 0.126; all P <  .05) and epididymal tail size 
(r  =  0.176, P  <  .05); however, after adjusting for confounders, the 
aforementioned relationships were not confirmed (not shown). After 
adjusting for confounders, pulse pressure was negatively associated 
with mean US-measured TV (Figure 2, panel A). Conversely, systolic, 
diastolic, and mean blood pressure, as well as being hypertensive, 
were not associated with mean US-TV (not shown). Waistline was 
negatively associated with intratesticular and deferential arter-
ies PSV (Figure  2, panels B and C) and positively with epididymal 
tail inhomogeneity (Figure 2, panel D). Accordingly, obese subjects 
(BMI ≥ 30 kg/m2) showed a higher prevalence of epididymal tail in-
homogeneity, as compared to the rest of the sample (Figure 2, panel 
E). No difference in scrotal CDUS parameters was observed com-
paring subjects with and without MetS (not shown). Current smok-
ing was associated with lower testicular and deferential arteries 
PSV (Figure 2, panel F and G) and alcohol consumption with a larger 
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TA B L E  2  Reference range and mean/median values and percentages of the testicular color Doppler ultrasound (CDUS) parameters in 
healthy, fertile men

Testis US parameters (n = 248)
Mean/median values and 
percentages Reference range

Testicular diameters (mm)

Right testis length (longitudinal diameter) 45.7 ± 4.3 38.5-52.0

Right testis width (transversal diameter) 29.6 ± 2.8 25.0-34.0

Right testis height (anterior-posterior diameter) 25.1 ± 2.9 20.0-30.0

Left testis length (longitudinal diameter) 44.7 ± 4.5 37.0-52.0

Left testis width (transversal diameter) 28.8 ± 2.8 24.0-34.0

Left testis height (anterior-posterior diameter) 24.4 ± 2.8 20.0-29.0

Testicular volume (ml)

“Ellipsoid” mathematical formula

Mean 17.2 ± 4.1 11.8-24.4

Right 17.9 ± 4.4 12.0-25.7

Left 16.5 ± 4.1 11.0-24.1

“Lambert” mathematical formula

Mean 23.5 ± 5.6 16.0-33.0

Right 24.4 ± 6.0 16.4-35.1

Left 22.6 ± 5.6 15.1-32.9

“Hansen” mathematical formula

Mean 20.4 ± 5.0 13.5-29.4

Right 21.2 ± 5.5 13.2-30.6

Left 19.7 ± 5.2 12.5-28.6

Testicular homogeneity (%)

Homogeneous (grade 0) 97.2

Mild inhomogeneity (grade 1) 2.8

Moderate inhomogeneity (grade 2) 0.0

Severe inhomogeneity (grade 3) 0.0

Testis echogenicity (%)

Normoechoic 97.2

Hypoechoic 2.8

Hyperechoic 0.0

Testicular macrocalcifications (> 3 mm) (%) 1.2

Testicular microcalcifications (1-3 mm) (%)a  16.8

Isolated 10.4

2-4/US scan 6.4

≥5/US scan (microlithiasis) 0.0

Dilated rete testis (%) 2.0

Dilated rete testis volume (ml; ellipsoid formula) 0.20 [0.19-0.23] 0.19-0.23

Parenchymal cysts (%) 1.2

Parenchymal cyst longitudinal diameter (mm) 3.0 ± 1.0 2.0-4.0

Hypoechoic micronodular lesion (spermatocele) (%) 0.4

Testicular appendix (Morgagni's hydatid) (%) 12.5

Testicular appendix size (longitudinal diameter) (mm) 5.3 ± 0.8 4.0-7.0

Hydrocele (%) 4.0

Hydrocele volume (ml; ellipsoid formula) 0.90 [0.20-1.55] 0.20-1.55

Extra-testicular calcifications (%) 4.0

(Continues)
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epididymal head (Figure 2, panel H), while physical activity showed 
no correlations with scrotal CDUS parameters.

After adjusting for confounders, no association between scrotal 
CDUS parameters and time to pregnancy, number of children, or his-
tory of miscarriage was observed (not shown).

3.4  |  Correlations between scrotal CDUS and 
physical examination (PE) parameters

Prader orchidometer (PO)-assessed TV was positively associ-
ated with US-derived TV using ellipsoid, Lambert's and Hansen's 
formulas (Figure 3, panels A-C), the former showing the highest 
correlation coefficient. The median difference between PO- and 
US-derived TV was 3.2 [2.0-4.3], 0.2 [0.1-1.7] and 3.3 [1.6-5.3] 
ml using ellipsoid, Hansen's, and Lambert's formula, respectively. 
Notably, Lambert's formula-derived TV (23.5 ± 5.6 ml; Table 2) 
overestimated the PO-assessed TV (20.4  ±  4.0  ml; see refer-
ence #7). Physical examination (PE) identified 20% of the cysts 
of the epididymal head detected by US, reported in Table  2, in 
particular when they were  >  5  mm. In addition, PE identified 
50% and 14% of US-detected dilated epididymal head, defined 
for a size  >  12  mm (considering the entire sample, n  =  248) 
or > 11.5 mm (considering only subjects without cysts, n = 151), 
respectively. Furthermore, PE identified 37.5% of US-detected 
dilated epididymal tails, defined for a size > 6 mm (see Table 2), in 
particular when they were > 6.5 mm. Vas deferens were detected 
in all subjects both at clinical and US evaluation (concordance of 
100%). Finally, PE was able to identify 88% of any US-detected 
varicocele, while subjects with a clinical grade II and III varico-
cele represented 92% of those with a severe CDUS-detected 

varicocele (grade IV and V according to Sarteschi et al20/Liguori 
et al21 classifications4).

3.5  |  Correlations between scrotal CDUS and 
biochemical parameters

After adjusting for confounders (age, waistline, lifestyle and # 
EAA Centers), mean TV was negatively associated with FSH and 
LH levels (Figure 3, panels D and E), but not with other hormo-
nal (including testosterone and cFT levels) and glycometabolic 
parameters (not shown). No associations between other testicu-
lar, epididymal, and deferential CDUS features and biochemi-
cal parameters were observed. Considering varicocele, subjects 
with severe varicocele (grade IV and V) showed higher LH levels 
(Figure 3, panel F), but no difference in other biochemical parame-
ters (including FSH and testosterone levels), when compared with 
the rest of the sample. The aforementioned associations were 
confirmed even after introducing cFT in the adjusted model as a 
further covariate (not shown),

3.6  |  Correlations between scrotal CDUS and 
seminal parameters

After adjusting for confounders (age, waistline, lifestyle, cFT levels, 
and # EAA Centers), mean TV was positively associated with sperm 
concentration and total count (Figure 4, panels A and B), but not with 
other seminal parameters (not shown). Subjects with testicular in-
homogeneity showed a lower sperm vitality compared with the rest 
of the sample (Figure 4, panel C), while those with any parenchymal 

Testis US parameters (n = 248)
Mean/median values and 
percentages Reference range

Extra-testicular calcifications mean size (mm) 3.0 ± 0.8 1.5-3.8

Testis CDUS parameters

Testicular artery

Mean PSV (cm/s) 9.0 ± 3.0 3.0-11.0

Mean acceleration (m/s2) 0.70 ± 0.11 0.47-0.84

Mean RI 0.58 ± 0.12 0.40-0.83

Mean PI 1.47 ± 0.69 1.00-1.68

Intratesticular arteries (recurrent branch of centripetal arteries)

Mean PSV (cm/s) 5.7 ± 1.1 3.7-7.0

Mean acceleration (m/s2) 0.41 ± 0.11 0.23-0.63

Mean RI 0.58 ± 0.17 0.43-0.75

Mean PI 0.92 ± 0.30 0.53-1.53

Note: Data were expressed as mean ± SD when normally distributed, as medians (quartiles) for parameters with non-normal distribution, and as 
percentages when categorical. The reference range of each testicular parameter has been estimated according to the CLSI Guidelines27 as the 5th 
and the 95th percentiles of its distribution.
Abbreviations: CDUS, color Doppler ultrasound; PI, pulsatility index; PSV, peak systolic velocity; RI, resistive index; US, ultrasound.
aMicrocalcifications were localized: 32% in the upper third, 32% in the middle third and 36% in the lower third of the testis. 

Table 2 (Continued)
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TA B L E  3  Reference range and mean/median values and percentages of epididymal, deferential and pampiniform plexus color Doppler 
ultrasound (CDUS) parameters in healthy, fertile men

Epididymal and vas deferens grayscale US parameters
Mean/median values and 
percentages Reference range

Epididymal head diameter (including men with cysts) (mm) 9.5 ± 1.5 6.9-12.0

Epididymal head diameter (excluding men with cysts) (mm) (n = 173) 9.0 ± 1.5 7.0-11.5

Epididymal body diameter (mm) 3.8 ± 0.8 2.5-5.0

Epididymal tail diameter (mm) 4.8 ± 0.7 4.0-6.0

Vas deferens diameter (mm) 3.5 ± 0.7 2.3-4.5

Epididymal head echotexture

Homogeneous (%) 75.0

Inhomogeneous (%) 25.0

Epididymal head cysts (%) 30.0

Bilateral (%) 8.0

>10 mm (%) 3.6

Largest cyst diameter (d; mm) / volume (v; ml) d:15.0; v: 2.0

Epididymal head appendix (%) 3.6

Epididymal head appendix longitudinal diameter (mm) 2.2 ± 0.6 1.5-3.0

Epididymal tail echotexture

Homogeneous (%) 80.4

Inhomogeneous (%) 19.6

Normoechoic (%) 95.6

Hyperechoic (%) 2.8

Hypoechoic (%) 1.6

Coarse calcifications (%) 0.0

Epididymal body or tail, or vas deferens cysts 0.0

Epididymal CDUS parameters

Head (branch of the testicular artery)

Mean PSV (cm/s) 4.2 ± 0.6 3.1-4.6

Mean acceleration (m/s2) 0.31 ± 0.12 0.14-0.50

Mean RI 0.58 ± 0.16 0.30-0.70

Mean PI 0.86 ± 0.28 0.38-1.17

Tail (deferential artery)

Mean PSV (cm/s) 5.5 ± 1.6 1.8-8.0

Mean acceleration (m/s2) 0.45 ± 0.9 0.22-0.53

Mean RI 0.64 ± 0.18 0.48-1.00

Mean PI 0.94 ± 0.21 0.70-1.35

Hyperemiaa  (%) 0.8

Pampiniform plexus US parameters

Mean LV and ISV size at rest (mm) LV 2.0 ± 1.0; ISV 1.7 ± 1.0 LV 1.0-3.9; ISV 0.7-3.6

Mean LV and ISV size in men with no varicocele at rest (mm) LV 1.3 ± 0.6; ISV 1.0 ± 0.5 LV 1.0-2.4; ISV 0.7-2.1

Mean LV and ISV size in men with any varicocele at rest (mm) LV 3.8 ± 0.5; ISV 3.6 ± 0.5 LV 3.2-4.8; ISV 3.1-5.0

Mean LV and ISV size in men with any varicocele during Valsalva (mm) LV 4.2 ± 0.5; ISV 4.0 ± 0.5 LV 3.6-5.2; ISV 3.5-5.4

Mean LV and ISV size in men with 1-3 grade varicocele at rest (mm) LV 3.4 ± 0.2; ISV 3.3 ± 0.1 LV 3.1-3.7; ISV 3.2-3.4

Mean LV and ISV size in men with 1-3 varicocele during Valsalva (mm) LV 3.8 ± 0.2; ISV 3.7 ± 0.1 LV 3.5-3.9; ISV 3.6-3.8

Mean LV and ISV size in men with 4-5 grade varicocele (mm) at rest LV 3.9 ± 0.5; ISV 3.8 ± 0.5 LV 3.2-5.3; ISV 3.1-4.1

Mean LV and ISV size in men with 4-5 grade varicocele during Valsalva 
(mm)

LV 4.3 ± 0.5; ISV 4.1 ± 0.5 LV 3.6-5.7; ISV 3.5-5.6

(Continues)
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calcification had lower sperm concentration and total count (Figure 4, 
panels D and E). Finally, intratesticular artery PSV was positively as-
sociated with sperm normal morphology (Figure 4, panel F).

Epididymal head and vas deferens mean sizes were positively as-
sociated with sperm normal morphology and progressive motility, 
respectively (Figure 5, panels A and B). Subjects with MAR test ≥ 1% 
showed a higher prevalence of epididymal tail echotexture inhomo-
geneity (Figure 5, panel C), and a higher mean size of vas deferens 
and of epididymal body and tail (Figure 5, panels D-F), as compared 
with the rest of the sample.

No difference in seminal parameters was found comparing 
subjects with and without any degree of varicocele or even severe 
CDUS varicocele (not shown).

4  |  DISCUSSION

The “EAA ultrasound study” 13 is the first study aimed at identify-
ing the reference range of the CDUS parameters of human MGT, as 

derived from a cohort of healthy, fertile men. In fact, the “EAA ul-
trasound study” investigated a multinational cohort of 248 healthy, 
fertile men, which showed semen parameters consistent with those 
reported by the WHO14 for fertile men, therefore representing a 
valid reference for assessing MGT-CDUS normative parameters.13 
In the present study, we have assessed and reported the reference 
range and the echotexture and vascular characteristics of the scro-
tal CDUS parameters investigated in healthy, fertile men. In addi-
tion, we have reported and discussed the correlations of the scrotal 
CDUS parameters with clinical, seminal, and biochemical charac-
teristics of the enrolled cohort, evaluated on the same day and de-
scribed separately.13

Investigator meetings organized by the EAA multicentric consor-
tium before enrolling and evaluating healthy, fertile men13 led to the 
definition of the Standard Operating Procedures (SOPs) for the as-
sessment of scrotal CDUS qualitative and quantitative parameters. 
They have been discussed extensively on the EAA website (http://
www.andro​logya​cademy.net/studi​es12) and here reported in the 
Methods section of this manuscript. The careful methodological 

Epididymal and vas deferens grayscale US parameters
Mean/median values and 
percentages Reference range

Veins extended to the upper testis pole (%) 25.2

Veins extended to the lower testis pole (%) 18.4

Varicocele / pampiniform plexus CDUS parameters

Left side varicocele (%) 37.2

Grade I 0.0

Grade II 12.8

Grade III 6.0

Grade IV 16.0

Grade V 2.4

Right side varicocele (%) 3.2

Grade I 2.8

Grade II 0.4

Grade III 0.0

Grade IV 0.0

Grade V 0.0

Bilateral varicocele (%) 3.2

“Severe” varicoceleb  (grade IV and Vc ) (%) 18.4

Continuous venous reflux velocity (cm/s) in “severe” varicocele at rest 4.7 ± 2.2 2.0-10.0

Subclinical varicocele (left side) (%) 3.2

Subclinical varicocele (right side) (%) 16.0

Note: Data were expressed as mean ± SD when normally distributed, as medians (quartiles) for parameters with non-normal distribution, and as 
percentages when categorical. The reference range of each testicular parameter has been estimated according to the CLSI Guidelines27 as the 5th 
and the 95th percentiles of its distribution.
Abbreviations: CDUS, color Doppler ultrasound; PSV, peak systolic velocity; RI, resistive index; PI, pulsatility index; LV, largest vein18; ISV, internal 
spermatic vein22US, ultrasound.
aHyperemia was defined as a “diffuse enhanced vascularization”.4,17 
b“Severe” varicocele was defined as venous vessel dilation (> 3 mm) characterized by a continuous venous reflux at rest, increasing or not during a 
Valsalva maneuvre4,23 (see the main text). 
cGrade IV and V CDUS varicocele according to Sarteschi et al20/Liguori et al21 classifications (essentially overlapping, according to reference #4). 

Table 3 (Continued)
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workout and the agreement reached by the sonographists of the dif-
ferent Centers of the EAA US consortium are reflected by the high 
inter- and intra-operator comparability. In fact, we found a relatively 
low coefficient of variation (< 10)26 and a high concordance rate for 
quantitative and qualitative scrotal CDUS parameters according to 
the National Association of Testing Authorities (NATA) criteria.25 
In our opinion, following the CDUS SOPs proposed by the EAA US 
consortium in clinical practice will help in reducing the operator-de-
pendent differences among sonographers.

TV is an essential parameter in clinical practice, reflecting not 
only the seminal and hormonal status of the subject but also the 
presence of congenital or acquired previous or current testicular or 
systemic disorders.1-5 In this study, we report the refence range of 
US-derived TV according to the most frequently used mathematical 
formulas (ellipsoid, Lambert's and Hansen's).4,15 Of note, the refer-
ence range of testicular diameters has been reported too, according 
to a previous study.15 Their values are available in the EAA US data-
base, allowing for the possibility to calculate the TV with any possi-
ble mathematical formula and to compare the EAA cohort of healthy, 
fertile men to any other cohort of fertile or infertile men of previous 
or future studies. This is relevant, since comparing clinical and CDUS 

features of fertile and infertile men in such a systematic way could 
help in filling in the gap of undiagnosed male infertility, representing, 
so far, half of the cases of male infertility.1,3,4

In clinical practice, TV is usually assessed by Prader's orchidom-
eter (PO).1,4 However, orchidometry overestimates TV when com-
pared to US.28-32 PO- and US-derived TV are closely related, both 
in boys24 and in adult eugonadal or hypogonadal28-30,32 subjects. 
However, US offers a greater accuracy in TV measurement than 
PO.29,33,34 In the present study, the aforementioned close relation-
ship between PO- and US-derived TV is confirmed and reported, 
for the first time, in healthy, fertile men. US-assessed TV varies ac-
cording to the mathematical formula applied (eg ellipsoid, Lambert's, 
Hansen's); however, the results are similar among different ethnic 
groups.15,29,35,36 The best mathematical formula to calculate US-
derived TV is currently being debated.15,31,37 Recently, the European 
Society of Urogenital Radiology (ESUR)18,19 supported the use of 
Lambert's formula, considered the most accurate according to pre-
vious studies,34,38-40 however without a “strong” consensus.18 In 
the present study, the US-TV calculated with the ellipsoid formula 
showed the most accurate correlation with the PO-assessed TV, 
while Lambert's formula-derived TV overestimated the PO-assessed 

F I G U R E  2  Associations between scrotal color Doppler ultrasound (CDUS) and clinical parameters. Panel (A) association between pulse 
pressure and mean ultrasound-derived testicular volume (US-TV). Panels (B and C) associations between waistline and mean intratesticular 
(panel B) and deferential (panel C) arteries peak systolic velocity (A-PSV). Panel (D) association between waistline (reported as quartiles for 
graphical purposes) and epididymal tail inhomogenicity. Panel (E) comparison of the prevalence of epididymal tail inhomogenicity between 
obese subjects (BMI ≥ 30 kg/m2) and the rest of the sample. Panels (F and G) comparison of testicular (panel F) and deferential (panel G) 
arteries peak systolic velocity (A-PSV) between current smokers and non-smokers. Panel H: comparison of mean epididymal head size 
between current alcohol consumers and the rest of the sample. Panel (A) unadjusted and adjusted (for male age, waistline, smoking habit, 
alcohol consumption, physical activity, cFT levels and # EAA Centers) associations have been reported. Panels (B-E) Unadjusted and adjusted 
(for male age, smoking habit, physical activity, cFT levels and # EAA Centers) comparisons have been reported. Panels (F and G) unadjusted 
and adjusted (for male age, waistline, alcohol consumption, cFT levels and # EAA Centers). Panel (A) unadjusted and adjusted (for male 
age, waistline, smoking habit, physical activity, cFT levels and # EAA Centers) associations have been reported. OR = odds ratio. *P < .05; 
**P < .0001

(A) (B) (C) (D)

(E) (F) (G) (H)
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TV. According to the aforementioned considerations, the fact that 
most of the published studies report TV using the ellipsoid formula4 
and that most of the US softwares automatically calculate TV with 
the ellipsoid formula, the results of the present study have been dis-
cussed below considering the ellipsoid formula-derived TV.

The median difference between PO- and US-derived TV 
was  ~  3  ml. So far, the mean TV difference reported comparing 
US and PO was 4-5 ml.33,41,42 Using the ellipsoid formula, a me-
dian TV of ~ 14 ml was reported in healthy German,9 Danish,29 and 
South Korean35 men, a mean TV of ~ 15 ml in young Italian men36 
and of  ~  19  ml in fertile Italian men.43-45 Conversely, an average 
US-detected TV in infertile patients ranges from  ~  10  ml to  ~  15 
ml.29,33,43,44 In the present study, a mean TV of ~ 17 ml in healthy, 
fertile men was found. The left TV was smaller than the right one 
according to some,6,15,29,46 but not all,35 the previous studies. In this 
study, the US-measured TV lowest reference limit for right and left 
testis was 12 and 11 ml, respectively. This is relevant, because below 
these thresholds “testicular hypotrophy” can now be defined in an 
evidence-based way. Until now, a TV < 12 ml had been proposed to 
indicate testicular hypotrophy at US using the ellipsoid formula47,48 
or irrespective of the mathematical formula used,49 however without 
evidence-based data. Previously, a TV < 10 ml using the Lambert's 
formula was reported to be associated with testicular dysfunction, 
however evaluating only Japanese men with infertility.42,50

In our cohort, after adjusting for confounders, we found no asso-
ciation between mean TV and age. Previous clinical studies reported 
a decrease51,52 or a stable53-55 TV over time, with a significant re-
duction in TV only in the eighth decade of life.56,57 However, some 
authors have suggested a mild TV decline starting from the fifth 
decade.15,32 The lack of association between age and mean TV in 
our cohort could depend on the limited age range (23-53 years) con-
sidered and to the specific characteristics (healthy, fertile men) of 
the population studied. In our cohort, mean US-TV was negatively 
associated with pulse pressure, in line with the results reported in a 
previous EAA study considering PO-derived TV.13 Data supporting 
the negative relationship between pulse pressure and mean TV have 
been extensively discussed in a previous study.13 However, some au-
thors reported a positive association between mean32 or systolic58 
blood pressure and mean TV, although in populations (infertile men 
and adolescents, respectively) with different characteristics than 
that investigated in this study. Hence, the relationship between 
blood pressure and TV needs further investigation.

We here report that mean US-TV in fertile men is positively 
associated with sperm concentration and total sperm count and 
negatively with FSH and LH levels. Previous studies reported that US-
estimated TV was positively related to total sperm count,6,29,42,59,60 
sperm motility,6,42 normal sperm morphology,6,29 and testosterone 
levels,6,32,42 and negatively correlated with LH and FSH.6,42,61 A 

F I G U R E  3  Associations between scrotal color Doppler ultrasound (CDUS), physical examination (PE) and hormonal parameters. Panels 
(A-C) associations between mean ultrasound-derived testicular volume (US-TV), according to different mathematical formulas (panel A, 
ellipsoid; panel B, Lambert's; panel C, Hansen's) and mean Prader orchidometer (PO)-assessed TV. Panels (D and E) associations between 
mean ultrasound-derived testicular volume (US-TV), FSH (panel D) and LH (panel E) levels. Panel (F) comparison of LH levels between 
subjects with “severe” varicocele (grade IV and V varicocele according to Sarteschi et al14/Liguori et al15 classifications4) and the rest of 
the sample. Panels (D-F) unadjusted and adjusted (for male age, waistline, smoking habit, alcohol consumption, physical activity and # EAA 
Centers) associations have been reported. *P < .05

(A) (B) (C)

(E) (F) (G)
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negative correlation between US-TV and non-conventional sperm 
parameters (sperm DNA fragmentation,47,62,63 percentage of sper-
matozoa with low mitochondrial membrane potential, phosphati-
dylserine externalization, or chromatin compactness62,63) has been 
also reported.

In our cohort, only a very few subjects showed testicular 
echotexture inhomogeneity, always of a mild degree. Testicular in-
homogeneity was originally studied and classified by Danish (Lenz 
et al)29 and Swedish (Westlander et al)64 physicians, who proposed 
a five-point scale classification. In addition, Lenz et al29 proposed a 
five-point “testicular echotexture score,” based on testicular inho-
mogeneity, ranging from 0 (regular pattern) to 5 (tumor suspected), 
that correlated negatively with normal sperm morphology,29 sperm 
count,59 US-TV29,59,65 and positively with the presence of a carci-
noma in situ65. Recently, Pozza et al6 developed, in a cohort of 2230 
men, a semi-quantitative, multiparametric (including bilateral US-
TV, echotexture, echogenicity and microlithiasis) score, ranging 
from 0 to 7 and named “testicular ultrasound (TU) score,” that has 
proved significantly more accurate than Lenz's score23 in predicting 
impaired spermatogenesis, and able to predict hypogonadism. The 
EAA US consortium proposes here a new, four-point scale classifica-
tion of testicular inhomogeneity, easy to use in clinical practice and 
avoiding the term “suspected tumors.” In fact, advanced US technol-
ogy—both in terms of image quality and resolution—leads to a more 
careful characterization of “suspected tumors,” nowadays described 

as “nodular lesions” and no more as “echotexture abnormalities”.4,5,7 
In previous studies, testicular inhomogeneity was associated with 
atrophy and fibrosis,66 advanced age,29 testicular function impair-
ment,29,67 impaired sperm quality and azoospermia,68 abnormal 
sperm morphology,29,69 and several other pathological conditions in 
infertile men.4 We here report that fertile men with mild testicular 
inhomogeneity only showed a lower sperm vitality, when compared 
to the rest of the sample. Considering other echotexture abnormal-
ities, in our cohort testicular microlithiasis was not detected, while 
calcifications, isolated or scanty (< 5/US scan), were present in about 
one out of five men, which showed a lower sperm concentration than 
the rest of the sample. Currently, the association between testicu-
lar microlithiasis and infertility is debated,49,70-72 while no study has 
focused on isolated or limited testicular calcifications. Furthermore, 
a dilated rete testis, considered a sign of downstream obstruction,73 
was rarely detected in our cohort and, when observed, was de-
scribed as mild. Finally, no nodular lesions suspected to be tumors 
were observed in fertile men.

In this study, we report, for the first time in fertile men, a refer-
ence range for several blood flow parameters related to testicular 
and intratesticular arteries. The reference range of the testicular ar-
tery PSV and testicular/intratesticular RI are in line with the mean or 
median values reported in previous studies performed on the gen-
eral population.15,74 Increased testicular artery PSV and RI have been 
associated with orchi-epididymitis17,75 and spontaneous detorsion 

F I G U R E  4  Associations between testicular color Doppler ultrasound (CDUS) and seminal parameters. Panels (A, B) associations 
between mean ultrasound-derived testicular volume (US-TV) and sperm concentration (panel A) or total count (panel B). Panel (C) 
comparison of sperm vitality between subjects with testicular inhomogenicity and the rest of the sample. Panels (D and E) comparison of 
sperm concentration (panel D) or total count (panel E) between subjects with testicular calcifications and the rest of the sample. Panel (F) 
association between testicular artery peak systolic velocity (A-PSV) and sperm normal morphology. Unadjusted and adjusted (for male age, 
waistline, smoking habit, alcohol consumption, physical activity, cFT levels and # EAA Centers) associations have been reported. *P < .05

(A) (B) (C)

(E) (F) (G)
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following testicular torsion,76 often leading to testicular damage,4,17 
while a reduced testicular arterial blood flow has been suggested 
to reflect impaired microcirculation and spermatogenesis74 and has 
been associated with varicocele by some authors.77 On the other 
hand, an increased intratesticular RI has been associated with in-
creased FSH levels,78 reduced sperm count,79 and varicocele.80 In 
our study, we found no associations between testicular/intratestic-
ular RI and clinical, seminal, or biochemical parameters. Conversely, 
we found that testicular artery PSV was lower in current smokers, 
while intratesticular artery PSV was associated positively with nor-
mal sperm morphology and negatively with increased waist circum-
ference. The latter observation suggests a possible new mechanism 
linking obesity/metabolic syndrome and poor sperm morphology, 
along with elevated blood pressure, as previously described.69 The 
aforementioned data support the relevance of assessing testicular 
vascularization, which, at present, is essentially evaluated mainly for 
research purposes.4,74

The reference range of epididymal segments and vas deferens 
have been reported here. Previously, a “normal size” of epididy-
mal segments had been proposed by some authors (see, for re-
view, reference #4), however without being evidence-based, while 
vas deferens normal values have never been reported. The high-
est reference limit observed in fertile men for epididymal head is 
12 mm in subjects with cysts and 11.5 mm in those without. The 
highest reference limit for epididymal tail is 6  mm. Notably, some 
authors,81 in azoospermic men with normal serum FSH, reported 

that an epididymal head ≥ 10.85 mm was predictive of obstruction, 
while others82 proposed that an epididymal head  >  12  mm and a 
tail > 6 mm are abnormal and associated with male accessory gland 
infection. In the present cohort, an increased epididymal size and a 
tail dilation are associated with the presence of a positive MAR test, 
suggesting damage to the blood-epididymal barrier, according to a 
previous study on fertile and infertile men.45 In addition, in the pres-
ent study, a larger epididymal head size was observed in alcohol con-
sumers, a finding of difficult interpretation. The US refence range 
for epididymal and vas deferens size, along with an evidence-based 
cutoff defining their dilation, can increase diagnostic accuracy of dis-
tal obstruction (along with other prostate-vesicular US signs) and of 
chronic or acute inflammation.4 As a corollary, the present results 
show that epididymal head size and arterial supply (represented 
by the testicular artery PSV, supplying epididymal head with its 
branches) and vas deferens size, within the normal ranges, were pos-
itively associated with normal sperm morphology and progressive 
motility, respectively, suggesting a role for these ductal structures in 
favouring sperm quality.83,84

The presence of epididymal head cysts has been observed in 
about one out of three fertile men, with a maximum size of 15 mm, 
suggesting a minor, if any, role for these cysts in male infertility.4,85 
Similar considerations can be drawn for epididymal inhomogene-
ity, since it was found in one out of four/five fertile men, although 
it is believed to be associated with acute or chronic inflamma-
tion.4,17,82,86,87 However, epididymal inhomogeneity could reflect 

F I G U R E  5  Associations between epididymal and deferential color Doppler ultrasound (CDUS) and seminal parameters. Panel (A) 
association between mean epididymal head size and sperm normal morphology. Panel (B) association between mean vas deferens size 
and sperm progressive motility. Panels (C-F) comparison between subjects with positive (≥ 1%) and negative MAR test for the prevalence 
of epididymal tail inhomogenicity (panel C), epididymal body (panel D) and tail (panel E) and vas deferens (panel F) size. Unadjusted and 
adjusted (for male age, waistline, smoking habit, alcohol consumption, physical activity, cFT levels and # EAA Centers) associations have 
been reported. OR = odds ratio. *P < .05; **P < .005

(A) (B) (C)
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a general inflammatory state, as supported in this study by an in-
creasing prevalence of epididymal inhomogeneity as a function of 
increasing waistline and its high prevalence in obese men, as both 
conditions are characterized by a low grade inflammation.88,89 
Similarly, an association between metabolic syndrome/increased 
waistline and testicular inhomogeneity has been previously re-
ported,69 but not observed in this survey. This is most probably due 
to the low prevalence of subjects with testicular inhomogeneity in 
our cohort. However, we here report a negative association between 
increased waist circumference and decreased intratesticular and 
deferential artery PSV, suggesting a possible role of central adiposity 
in testicular and epididymal arterial hypoperfusion. It is important 
to note that neither obesity nor increased waist circumference are 
associated with alterations of conventional sperm parameters in the 
“EAA ultrasound study” cohort.13

Finally, in this study we report the reference range of pampin-
iform plexus along with the prevalence and characteristics of vari-
cocele in fertile men. CDUS showed a higher accuracy than physical 
examination in detecting varicocele, in line with previous studies 
(see, for review, reference #4). A high prevalence of any CDUS-
detected varicocele (37.2%) and of severe varicocele (18.4%) was 
observed, in line with the clinical data previously reported.13 In fact, 
the prevalence of varicocele was similar to that reported in primary 
infertile men.18,19 Considerations on the scanty impact of varico-
cele on male infertility and avoiding uncritical varicocelectomy have 
been extensively discussed in the clinical introductory report of the 
“EAA ultrasound study”.13 In our cohort, subjects with severe vari-
cocele showed higher LH (but not testosterone) levels than the rest 
of the sample, suggesting mild impairment in androgen secretion. 
However, the present data do not support a link between severe var-
icocele and compensated hypogonadism, since LH levels in the pres-
ent cohort are in the normal range according to a previous study.90

5  |  CONCLUSIONS

The present study investigates a multinational cohort of 248 healthy, 
fertile men with semen parameters consistent with those reported 
by the WHO,8 representing a valid reference point for assessing 
MGT-CDUS normative parameters.7 The CDUS reference range 
and characteristics of the scrotal organs of healthy, fertile men have 
been reported here. CDUS showed a higher accuracy than physical 
examination in detecting scrotal abnormalities. PO- and US-derived 
TV were closely related. The US-assessed TV with the ellipsoid for-
mula showed the best correlation with the PO-assessed TV. The 
mean TV of healthy, fertile men was ~ 17 ml. The lowest reference 
limit for right and left testis was 12 and 11 ml, respectively, repre-
senting a threshold for defining “testicular hypotrophy.” The highest 
reference limit for epididymal head and tail and vas deferens was 12, 
6, and 4.5 mm, respectively. Mean TV was associated positively with 
sperm concentration and total count and negatively with FSH and 
LH levels and pulse pressure. Subjects with testicular inhomogene-
ity or calcifications showed lower sperm vitality and concentration, 

respectively, than the rest of the sample. Sperm normal morphology 
and progressive motility were positively associated with epididy-
mal head size/arterial supply and vas deferens size, respectively. 
Increased epididymis and vas deferens sizes were associated with 
MAR test positivity. Decreased epididymal tail homogeneity/arte-
rial supply was positively associated with waistline, which, in turn, 
was negatively associated with intratesticular vascularization. 
CDUS-detected varicocele showed a relatively high prevalence in 
this cohort, similar to that reported in primary infertile men, without 
any relevant association with seminal or hormonal parameters, sug-
gesting its scanty effect on male fertility. No association between 
scrotal CDUS parameters and time to pregnancy, number of children 
or history of miscarriage was observed. The present findings in fer-
tile men will help in better understanding the pathophysiology of 
sperm abnormalities and male infertility, underlying modifications in 
their management (eg treating visceral obesity or avoiding uncritical 
varicocelectomy).
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