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Objective: To assess the colour Doppler and ultrasound

features of testicular Leydig cell tumours (LCTs) in

a population of 38 surgically proven lesions.

Methods: From August 2008 to March 2015, we retro-

spectively included 38 surgically proven LCTs in

36 patients. Clinical data, scrotal colour Doppler, B-

mode ultrasound and videos images were reviewed for

each patient. The volume, echotexture of the testis, size,

shape, echogenicity and the vascularization pattern of

the lesion were evaluated. The tumour margins were

categorized as either smooth or lobulated. The vascular-

ization was classified as intense, moderate or without any

hypervascularization. We defined the vascularization

pattern groups as central, peripheral and mixed (the

latter meaning both central and peripheral).

Results: 26 patients were referred for infertility [5 patients

were subsequently diagnosed with Klinefelter syndrome

(KS) and 5 patients with cryptorchidism]. 28 patients

underwent testis-sparing surgery, while 8 patients un-

derwent a radical orchiectomy. The LCTs were mostly

infracentimetric (68.4%), with a median size of 7.0mm

(ranging from 4.0 to 11mm). 50% of the lesions had

lobulated margins, and these were significantly larger

than the smooth lesions (p,0.05). The content of the

lesions was markedly homogeneous and hypoechoic. All

lesions had sharp demarcations from the adjacent pulp.

36/38 lesions exhibited moderate-to-intense hypervas-

cularization, with a mixed intrinsic and peripheral rim

pattern. Larger lesions were more hypervascularized

(p,0.05). LCTs in patients with KS had atypical features.

Conclusion: Typical sporadic LCTs appeared as isolated

hypoechoic, infracentimetric masses, with a clear de-

marcation from the adjacent pulp. They presented in-

trinsic and peripheral rim hypervascularization.

Advances in knowledge: By undertaking the largest

imaging series of LCT to date (to our knowledge), we

reassessed the typical sonographical aspects of LCTs, so

as to provide guidance in regard to opting for testis-

sparing surgery and for follow-up. LCTs present both

intrinsic and rim vascularization detectable by colour

Doppler ultrasound. Intrinsic vascularization and lobu-

lated margins are common findings in testicular LCTs.

INTRODUCTION
Ultrasonography is the gold standard for the exploration of
the testis. Increasing ultrasonography indication, along
with progress in andrology, have made the discovery of
non-palpable testicular lesions more common, either in-
cidentally or during the assessment of infertility. Histori-
cally, the way to manage such masses was to proceed with
a radical orchiectomy, followed by a pathology analysis.
This would generally leave the patient with an impaired or
lower level of fertility. It has been shown, however, that up
to 80% of these lesions are benign,1,2 with most of them
being Leydig cell tumours (LCTs).1,3,4 LCTs are sex cord–
stromal tumours that develop from the testis stroma,

mostly in the third and sixth decade of life.5 In pre-
pubertal males, an LCT can lead to a precocious puberty,
whereas in adults, it is mostly asymptomatic. In rare cases,
it leads to gynaecomastia, loss of libido and infertility.
There is no proven risk factor for developing LCT, although
there are reports of a higher incidence in patients with
Klinefelter syndrome (KS).6 Recent data have shown that
LCTs can be regarded as benign lesions.7 Most LCTs are
detected at an unpalpable stage,8 and numerous studies
have proven that testis-sparing surgery is a suitable treat-
ment option for these lesions, thus allowing for longer
preservation of fertility.8–10 In ultrasound imaging, LCTs
are detected as hypoechoic masses with peripheral
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vascularization. Most studies regarding the sonographic aspects
of LCTs are based on a small number of lesions.11,12 In this
study, we analyzed the colour Doppler ultrasound (CDUS)
characteristics of 38 surgically proven LCTs. The main goal of
this study was to reassess the CDUS features of testicular LCTs,
thereby providing relatively straightforward assessment tools to
the radiologists and urologists involved in the management of
such testicular lesions.

METHODS AND MATERIALS
The local ethics committee approved the study, and written
patient consent was not required.

In this monocentric study, we retrospectively analyzed the pa-
thology database for all surgically proven LCTs between August
2008 and March 2015.

A total of 36 patients were included in this study. 1 patient had
a bilateral LCT and 1 patient had 2 lesions on the same testis;
therefore, 38 tumours were included. A senior surgeon (VI) with
expertise in scrotal surgery performed the procedures. No pre-
operative biopsy was performed. All patients benefited from
intraoperative echo guidance. Intraoperative testicular biopsies
were also performed to track associated germ-cell neoplasia in
situ, and to evaluate spermatogenesis.

Follow-up consisted of a physical examination, scrotal sonog-
raphy and tumour assays at 3 and 6 months, 1 year after surgery
and then yearly.13,14

Analysis of the surgical samples was performed by a senior pa-
thologist (SF). All lesions were finally categorized as Leydig cell
tumours with no signs of malignancy according to Kim’s criteria:
tumour size, necrosis, presence of nuclear atypia, angiolym-
phatic invasion, infiltrating margins and number of mitotic
features.3

All patients underwent a pre-operative standardized bilateral
testicular ultrasonography performed successively on a Toshiba
Ultrasound system, Aplio™ 80, Aplio™ XG and Aplio™ 500
(Toshiba Medical Systems Co. Ltd, Nasu, Japan). The inves-
tigators were three radiologists (LR, GC, LG) with expertise in
scrotal ultrasound, and all lesions were reviewed prior to the
surgery by the last author, who had the longest experience in
scrotal imaging.

For all patients, both testicles were examined in B-mode with
a 5–12MHz linear array (width 5 cm) probe and in B-mode,
colour Doppler or power Doppler with a high-frequency 8–
18MHz linear array (width of 4 cm) probe. The high-frequency
probe was used for the precise analysis of the parenchyma, ep-
ididymis and vas deferens.

The results of every testicular ultrasound performed at our
centre were compiled in a standardized report (including data
such as testis size, the presence of nodules or masses and their
sonographic features, aspects of testis pulp, testicular vasculari-
zation, varicocele and aspects of epididymitis and the defer-
ens duct).

The B-mode was used to assess the volume of both testicles (calculated
digitally by applying the formula: length3width3depth30.523);
the general echotexture of the testicular pulp; the number,
size, shape, localization and echogenicity of the lesions; the
content of the lesions; the distance between the lesion and the
tunica albuginea on transverse scans; and the presence (de-
fined as .5 microliths per testis), distribution and grading of
testicular microlithiasis (TM) (Grade 1: 5–10; Grade 2: 11–20;
Grade 3: 21–30; and Grade 4: .30).15,16

The colour-coded Doppler and power mode parameters were
adjusted to their most sensitive settings without introducing
artefacts, and they were used to assess the intensity and the
distribution of the detectable blood flow in the lesions.

Two radiologists (LR, FM), including one with over 15 years’
experience in scrotal imaging, reviewed the standardized reports,
images and videos in our picture archiving and communication
system. All ultrasound findings were categorized by consensus.
The radiologist who performed the ultrasonography could not
be identified during the reviewing process. The reviewers were
blinded to the written reports, which were analyzed secondarily.
Any discrepancy between the reviewers was solved by consensus.
The only discrepancy between the reviewers and the written
reports concerned the grading of TM, which was not accurate on
the basis of still images only.

The general testis echotexture was categorized as follows: nor-
mal, coarse or multinodular (defined by the presence of .two
nodules). The shape of the lesions was categorized as round, oval
or irregular.

The margins of the lesions were categorized as either smooth
or lobulated. The echogenicity of each lesion was compared
with the adjacent testicular pulp and categorized into three
groups: plainly hypoechoic, faintly hypoechoic and hyper-
echoic. The content of the lesions was categorized as either
homogeneous or heterogeneous. Vascularity was subjectively
rated as hypovascularization, moderate hypervascularization or
intense hypervascularization. The pattern of vascularization
was categorized as peripheral, central and mixed (i.e. central
and peripheral).

Statistical analysis
The relationship between the lesion sizes, shapes and vascular-
ities was explored using the Mann–Whitney U test.

RESULTS
Clinical and surgical data
We included 36 patients aged 17–69 years, with a median age of
34 years (30–41 years). 26 (70.6%) patients were referred for
infertility, including 5 patients who presented with KS, and
5 patients with undescended testicles (UDT). One patient had
a history of Hodgkin’s disease which had been treated by che-
motherapy, and one patient had prostate cancer which had been
treated by surgery and radiotherapy.

Four patients were referred for testicular pain, three patients for
a palpable testicular mass and one patient for gynaecomastia.
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The radiologist involved did not know the patient’s karyotype at
the time of the examination. 28 (73.7%) patients underwent
conservative surgery. 8 (26.3%) patients underwent a radical
orchiectomy. Among the 38 lesions of our series, 7 intra-
operative frozen section analyses (FSA) were required.

No patients presented metastases or local recurrence (the mean
follow-up was 5.8 years).

Ultrasound findings
The ultrasound findings for all of the patients, for LCT associ-
ated with KS (KS-LCT) and sporadic LCT (excluding KS-LCT)
are summarized in Table 1.

The median volume of the ispilateral testicle was 8.4mm3

(3.8–15.5mm3).

The LCT had a median size of 7.0mm in 26 (68.4%) infracenti-
metric lesions. 10 (26.3%) lesions were between 10 and 20mm in
size and 2 lesions were.20mm in size (27 and 30mm, respectively).

21 (55.3%) lesions were categorized as round, 11 (28.9%)
lesions as oval and 6 (15.8%) lesions as irregular.

19 (50.0%) lesions had smooth margins and 19 (50.0%) lesions
had lobulated margins (Figure 1).

The mean size of the lobulated LCTs was 10.8mm whereas the
mean size of lesions with smooth margins was 6mm (p, 0.05)
(Figure 2).

The lesion echogenicity was categorized as plainly hypoechoic
for 23 lesions in comparison with the adjacent pulp.

Table 1. Clinical and sonographic characteristics of 38 Leydig cell tumours

All lesions KS-LCT
Total Klinefelter Sporadica

n5 38 n5 6 n5 32

Number of nodules

1 27 (71.1) 3 (50.0) 24 (75.0)

2 5 (13.2) 0 (0.0) 5 (15.6)

.2 6 (15.8) 3 (50.0) 3 (9.4)

Echogenicity

Hypoechoic 23 (60.5) 3 (50.0) 20 (62.5)

Faintly hypoechoic 12 (31.6) 1 (16.7) 11 (34.4)

Hyperechoic 3 (7.9) 2 (33.3) 1 (3.1)

Homogeneity
Homogeneous 30 (78.9) 6 (100.0) 24 (75.0)

Heterogeneous 8 (21.1) 0 (0.0) 8 (25.0)

Size (mm) Median (IQR) 7.0 (4.0–11.0) 3.0 (2.0–8.0) 7.0 (5.0–11.5)

Margins
Lobulated 19 (50.0) 2 (33.3) 17 (53.1)

Smooth 19 (50.0) 4 (66.7) 15 (46.9)

Vascularization

None 2 (5.3) 1 (16.7) 1 (3.1)

Peripheral rim 17 (44.7) 4 (66.6) 13 (40.7)

Central 2 (5.3) 0 (0.0) 2 (6.3)

Mixed 17 (44.7) 1 (16.7) 16 (50.0)

Vascularization intensity

None 2 (5.3) 1 (16.7) 1 (3.1)

Moderate 18 (47.4) 3 (50.0) 15 (46.9)

Intense 18 (47.4) 2 (33.3) 16 (50.0)

Adjacent pulp

Homogeneous 29 (76.3) 1 (16.7) 28 (87.5)

Coarse 6 (15.8) 4 (66.7) 2 (6.3)

Multinodular 3 (7.9) 1 (16.7) 2 (6.3)

Microlithiasis 4 (10.5) 1 (16.7) 3 (9.4)

Ipsilateral testicular volume (mm3) Median (IQR) 8.4 (3.8–15.5) 2.2 (1.8–3.2) 10.1 (6.0–16.0)

Contralateral testicular volume (mm3) Median (IQR) 8.9 (4.1–11.4) 1.4 (1.2–2.1) 9.8 (6.1–13.0)

Distance from the tunica albuginea (mm) Median (IQR) 1.0 (1.0–3.0) 1.3 (1.0–2.5) 1.0 (1.0–3.3)

KS-LCT, Leydig cell tumour found in patients with Klinfelter’s syndrome; IQR, interquartile range.
All results are number of tumours (%) unless otherwise mentioned.
aLesions found in patients without Klinefelter syndrome.
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The ultrasound echotexture of the nodule was rated as homo-
geneous for 30 (78.9%) lesions. The remaining eight lesions that
were categorized as heterogeneous exhibited a patchy aspect
(Figure 1).

Every lesion presented a sharp demarcation with the adjacent
pulp, which was normal in 29 (76.3%) cases. The testis pulp was
considered coarse or multinodular in six and three patients,
respectively. 4 (10.5%) lesions presented TM rated as Grade 1.
We did not encounter any grouped microliths or macro-
calcification near the lesion.

Colour Doppler, power Doppler or both was available for all
patients. Hypervascularization (compared with the adjacent testis
pulp) occurred in 36/38 lesions, of which 18 (47.4%) lesions were
rated as intense hypervascularization and a further 18 (47.4%)
lesions were rated as moderate hypervascularization. The mean
size of the intensely hypervascularized lesions was 10.7mm vs
6.8mm for the moderately hypervascularized lesions (p, 0.05)
(Figure 3). The vascularization pattern was categorized as central,
peripheral or mixed for 2 (5.3%) lesions, 17 (44.7%) lesions and

17 (44.7%) lesions, respectively (Figure 4). The 17 lesions with
a peripheral pattern presented a rim vascularization.

In regard to KS-LCT, the median size of the testis was 2.2mm3

(1.8–3.2mm3), which was smaller than that for the sporadic
LCTs. Likewise, lesions in the KS group had a median size of
3.0mm (2.0–8.0mm) vs 7.0mm (5.0–11.5mm) for the sporadic
LCTs. Two of the KS-LCTs were rated as hyperechoic, whereas
this was the case for only 1 (11.1%) sporadic LCT (Figure 5).
TM was found in the testis pulp of one patient with KS-LCT.

DISCUSSION
Ultrasound remains the gold standard examination procedure
for assessing the testis. It is also becoming more common, as
indicated by the fact that it is now mandatory for male infertility
work-ups, according to the European Association of Urology
guidelines.17 Therefore, the identification of a non-palpable
testicular lesion that can benefit from a conservative approach is
a challenge. To the best of our knowledge, our study has com-
piled the largest imaging series of LCTs and has reassessed their
CDUS aspects. The typical LCT is a round-shaped infracenti-
metric hypoechoic mass, with a clear delineation from the ad-
jacent pulp. We have found that there is a correlation between
the lesion size and its margins, with lobulated lesions being
significantly larger than lesions with smooth margins.

Lobulated margins are often seen as a sign of malignancy, but
they were found in 50% of our cases. This is a higher rate than
what was found in the study by Maizlin et al,11 in which all
lesions appeared to be round shaped. Our hypothesis is that the
typical growth pattern in nests or clusters separated by the fi-
broid stroma described by Al-Agha et al18 is responsible for the
lobulated aspect in larger lesions.

TM was found in only four patients rated as Grade 1, including one
patient with KS and one patient with a history of UDT. Both KS and
UDTare associated with a higher risk of TM.19,20 TM was randomly
scattered in the testis pulp with no specific pattern around the
lesion, as is seen with some malignant testicular tumours.1,19–21

The typical hypervascularized aspect of LCTs seen by using other
imaging techniques has been reported recently in the literature.

Figure 1. Typical appearance of a Leydig cell tumour (LCT) using B-mode sonography. (a) A small hypoechoic homogeneous round-

shaped and well-defined lesion in a 28-year-old male patient addressed for infertility. (b) A typical LCT can also appear with

lobulated edges; this aspect is more often seen in larger lesions.

Figure 2. Correlation between the lesion size and general

shape in 38 Leydig cell tumours. Boxes indicate interquartile

range and error bars indicate 5th and 95th percentiles.
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The studies by Lock et al and Isidori et al12,22 with contrast-
enhanced ultrasonography and Manganaro et al23 with MRI report
peculiar enhancement patterns for LCTs. While these techniques
are promising, they are still undergoing development. Furthermore,
based on their initial results, an overlap persists between semi-
nomatous germ-cell tumours and LCTs in particular. To date, there
is no technique that allows an accurate assessment of these small
lesions. In our experience, CDUS therefore remains the basic ex-
amination procedure for LCT characterization.

Intrinsic vascularization has rarely been described in the litera-
ture. It was not found in any of the cases examined in the study
by Maizlin et al, while in the study by Lock et al, the lesions were
too small to be clearly assigned a Doppler signal.11,12 The mean
size of the LCTs in our series was similar to that found by Lock
et al, although the use of a higher frequency probe (18L7MHz)
with the power Doppler imaging increased the sensitivity for
detecting microvascularization. We did not obtain pulsed
Doppler data for LCT.

As 15.7% of our population was comprised of patients with KS,
this group was overrepresented compared with the 3.1% occur-
rence of KS in the infertile male population.24,25 This difference

can be explained by the higher risk of Leydig cell anomalies (e.g.
hyperplasia, tumour) in patients with KS.2,26

The KS-LCTs were smaller and more hyperechoic than the
sporadic lesions. The testis pulp in patients with KS is hypo-
echoic, with a coarse or micronodular echotexture.27 When
encountered during a testicular ultrasound, anomalies of this
nature should alert the radiologist to the possibility of KS as-
sociated with an LCT, and they should hence be a reason to
undertake a karyotype exploration.

Four (11.8%) patients presented with UDT in our population,
which is significantly more than the 1–3% prevalence in the
general population of newborn males. This can be explained by
the large recruitment of males who are infertile, with cryptor-
chidism being the main cause of azoospermia.28–32 There is no
evidence in the literature of any association between UDT and
LCT formation; and UDT is, of course, the main risk factor for
developing malignant testicular tumours.3

Reports regarding the malignancy of LCTs are discordant. An
accepted malignancy rate of 10% has been revised downwards.
Most LCTs are diagnosed at an early stage and are of smaller size,
thus leading to a favourable outcome.4,7,8,33 The indication for
a testis-sparing surgery with carefully selected patients is widely
accepted for non-palpable testicular lesions.8–10,34–38 According
to Palermo et al,39 in order to qualify for a testis-sparing surgery,
the lesion size must be ,25mm and represent ,30% of the
testis volume. A clear demarcation from the testis pulp and
a safe distance from the rete testis are mandatory (the latter
to preserve testicular vascularization). These characteristics
matched in 79% of the lesions in our series. The eight pa-
tients who underwent radical orchiectomy comprised two pa-
tients with voluminous lesions (ranging from 27 to 30mm), one
patient with an ongoing history of prostate cancer, one pa-
tient who presented two different lesions on the same testis,
three patients with cryptorchidism and one patient with KS
for whom the size of the nodule did not allow for testicular
preservation.

The relatively low number of FSA (7/36) is a sign that the
sonographic evaluation associated with peculiar macroscopic
features with a golden brown appearance and clear delineation
within the testicle was sufficiently suggestive of an LCT for

Figure 3. Typical vascularization pattern of a Leydig cell tumour: a hypervascularized mass showing a corbelling vascularization

pattern as seen with power Doppler (a) and (b) colour-coded Doppler.

Figure 4. Correlation between the lesions size and vasculari-

zation intensity. Boxes indicate interquartile range and error

bars indicate 5th and 95th percentiles.
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the surgeon to proceed without FSA.13 With concordant sono-
graphical results and peroperative findings, the surgical team can
reduce the time of peroperative ischaemia by avoiding FSA. The
patient is warned of the possibility of a two-stage surgery, if the
final pathology results are discordant. There were no mis-
leading CDUS results during the period of the study.

In our centre, CDUS is the cornerstone for the management
of non-palpable testicular nodules. If the CDUS findings are
compatible with a benign lesion such as LCT, in case of
a nodule ,5mm that matches the criteria of focal surgery,
with negative tumour assays, we propose either active sur-
veillance (at 3, 6, 12 months and then yearly over the next
3 years) or a testis-sparing surgery using an inguinal ap-
proach, depending on the degree of patient motivation.36 In
case of a larger lesion (i.e. .5mm), or if the findings of the
CDUS are unclear, we usually propose a testis-sparing surgery
with an inguinal approach and extemporaneous FSA in spe-
cialized centres with trained pathologists, preceded by sperm
cryoconservation.

The goal of this therapeutic approach is to maximize fertility
preservation and to allow more time to apply fertility-assistance
procedures.

The main limitation of our study is its retrospective design.
Our standardized report limited this bias by boosting the

reproducibility of the procedure and by organizing pre-defined
data sets. The results correlate with similar studies of the ultra-
sound characteristics of LCT. Even though ultrasound remains the
best and most common examination to assess the testis, it is an
operator-dependent procedure with subjective grading (e.g. the
lesion’s echogenicity and vascularization intensity). There is cur-
rently no quantitative tool, however, to rate echogenicity or vas-
cularization intensity.

We did not compare the vascularization of germ-cell tumours
(and especially seminomas) and LCT, and we therefore cannot
propose an ultrasound algorithm. The goal of this study was
primarily to assess the colour Doppler findings of a large series
of LCT.

CONCLUSION
Typical sporadic LCTs that are found incidentally appear as an
isolated hypoechoic infracentimetric mass with a clear de-
marcation from the adjacent pulp. They exhibit intrinsic
hypervascularization associated with a typical peripheral rim
pattern. Larger lesions more often also exhibit a lobulated shape
and intense hypervascularization. Although these characteristics
cannot determinate the nature of the lesion with certainty, they
can assist the surgeon in deciding whether to opt for testis-
sparing surgery or perhaps even active surveillance for the
smallest lesions in a population that often presents with im-
pairment of fertility.
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