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ABSTRACT

Multiparametric ultrasound (MPUS), combining conventional techniques (greyscale and colour Doppler ultrasound),
ultrasound strain elastography, and contrast-enhanced ultrasound (CEUS), has been successfully used in the assess-
ment of adult scrotal pathology. Contrast-enhanced ultrasound can confidently establish testicular tissue vascularity
even in the small-volume paediatric testis. Elastography provides further assessment of tissue stiffness, potentially
adding useful diagnostic information. In children, ultrasonography is particularly advantageous, being safe, radiation-
free and negating the need for sedation or general anaesthesia during the imaging evaluation. In this review article,
we aim to familiarise readers with the MPUS scanning protocol used for paediatric scrotal examination and provide an
overview of scrotal MPUS features, with particular focus to clinical indications where MPUS may be advantageous over

conventional ultrasonography.

INTRODUCTION

Scrotal pathology is common in the paediatric population,
and a timely and correct diagnosis is necessary to avoid
possible future infertility. Conventional ultrasonography
techniques, including greyscale, colour and power Doppler
ultrasonography, are widely employed for the evaluation
of the morphology and vascularity of paediatric scrotal
pathology,' being widely accessible and radiation-free.?
Beyond conventional techniques, new advanced ultra-
sonography techniques have been developed, including
contrast-enhanced ultrasonography (CEUS) and tissue
elastography.

CEUS, with the currently commercially available second-
generation ultrasound contrast agents (UCAs), has become
a standard imaging modality in adult clinical practice with
an excellent safety profile.” The use of CEUS in children
is supported by clinical experience and growing evidence
regarding safety and usefulness in many applications and
is primarily driven by the need to avert radiation expo-
sure and nephrotoxic contrast agents in this age group,*™°
and the Food and Drug Administration in the United
States recently approved the use of SonoVue™ under the
commercial name Lumason™ for paediatric liver appli-
cations.!! Scrotal CEUS is still performed in an off-label

pattern in children, but using medications “off-label” is not
rare in paediatric practice,"*** and CEUS may be consid-
ered appropriate in cases where its benefits is considered
to outweigh the potential risks associated with alternative
imaging investigations, such as the need to subject the child
to conscious sedation or general anaesthesia and the poten-
tial long-term adverse effects of gadolinium agents for MRI,
for paediatric patients.ls’16

Tissue elastography, another advanced ultrasonography
technique, can be broadly classified into strain and shear-
wave elastography.'” In strain elastography (SE), a stress is
applied by the transducer through manual compression,
and the amount of target tissue deformation relative to
the surrounding tissue is evaluated. In shear-wave elastog-
raphy (SWE), an acoustic radiation force pulse is utilised
to produce a longitudinal strain, and the speed of shear
waves propagating perpendicular to the longitudinal strain
is measured to obtain a quantitative estimation of tissue
stiffness.'® While only few studies deal with use of SWE for
scrotal pathologies,'*? several investigations explored the
use of SE in imaging of the testes.*"**

It has been proposed that simultaneous use of conventional
modes with the newer techniques such as CEUS, and tissue
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Figure 1. MPUS of a normal testis. Greyscale (a) showing
homogeneous echogenicity of the testis and a normal appear-
ance of epididymis. CDUS (b) showing uniform distribution of
blood flow signals. CEUS (c) showing uniform enhancement
of the testicular parenchyma. On SE (d), the normal testis is
relatively soft at elastography, with a stiffer sub albuginea
ring which appears stiffer (blue). CDUS, colour-Doppler ultra-
sound; CEUS, contrast-enhanced ultrasound; MPUS, multipar-
ametric ultrasound;SE, strain elastography.

elastography, termed multiparametric ultrasound (MPUS)***
could increase the diagnostic yield for appropriate clinical indi-
cations. The utilisation of MPUS for scrotal imaging in adults
is supported in the literature” %" with increasing evidence that
MPUS may at least be a problem solving tool in cases equivocal on
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conventional ultrasound. As a general statement, MPUS provides
added value over conventional ultrasound in offering ability to
definitively assess presence (or absence) of vascularity within the
testicular parenchyma or focal lesions, and additional informa-
tion regarding tissue stiffness for the differentiation between an
abnormality and normal parenchyma. The literature regarding
the developing use of MPUS for the scrotum in the paediatric
population is scarce.”®*° This could be partly explained by the
fact that conventional ultrasound techniques already achieve
adequate diagnostic accuracy in a range of common scrotal
conditions in children. However, familiarity with the added
value of MPUS scrotal imaging would allow practitioners to
make use of these newer techniques appropriately when conven-
tional ultrasound findings are equivocal and avert the need for
CT or MRI along with their inherent disadvantages for children.
In this review article, we aim to familiarise the readers with the
MPUS scanning protocol used for paediatric scrotal examina-
tion, and provide an overview of scrotal MPUS features in a
range of scrotal pathologies pertinent to the paediatric popula-
tion, with particular focus to clinical indications where MPUS
may be advantageous over conventional ultrasound.

TECHNICAL BASIS FOR MPUS

From birth to early childhood, the access to the scrotum is usually
unobstructed. Occasionally, it may be necessary for the ultra-
sound operator to place a fingertip just above the scrotum on the
inguinal canal to prevent movement of the testis. In the adoles-
cents, scrotal ultrasound is performed with the patient in the
supine position, holding the penis lifted up onto the abdomen,
and the scrotum may be supported by a towel placed between the
thighs." Optimal visualisation of the paediatric scrotal contents
is best achieved with high-resolution imaging using high-
frequency linear transducers with a frequency ranging from 9
to 18 MHz.*! In infants, a hockey-stick transducer with frequen-
cies of 15-18 MHz may be used. Conventionally, an unenhanced
greyscale ultrasound examination is performed complemented

Table 1. Summary of the added value of MPUS in paediatric scrotal pathology by clinical indications

Clinical indication Added value of MPUS
Testicular torsion « Improved sensitivity in detecting testicular vascularity in pre-pubertal
boys with CEUS.

o CEUS conclusively confirms the lack absence of testicular perfusion
vascularity in children with small testes in clinically suspected missed
torsion with global infarct.

Testicular infarction Improved detection and depiction of the evolution of a segmental infarction
with CEUS.
Trauma o Improved differentiation of viable vascularised and non-viable ischemic
tissue in testicular parenchyma after trauma on CEUS

o Improved demonstration of fracture lines on CEUS

« Confirmation of the diagnosis of a haematomas post-trauma

Inflammation » Improved detection and delineation of abscesses and venous infarction.

Cyst « Confident exclusion of a solid tumor when containing echogenic content.

Solid tumour « Increased diagnostic confidence fora testicular malignant tumour when a
lesion is hyper-enhancing on CEUS, and “hard“ on SE

o Quantitative CEUS offers the potential to differentiate between a
seminoma and a Leydig Cell tumour

CDUS, colour-Doppler ultrasound;CEUS, contrast-enhanced ultrasound; SE, strain elastography.
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Figure 2. (a) CDUS of a testis in a pre-pubertal boy in whom
the testes are small and demonstrate relatively low blood flow.
It is difficult to demonstrate perfusion within the normal tes-
tis with CDUS. (b) CEUS of the same testis which confirms
conclusively tissue perfusion by demonstrating movement of
microbubbles within the vasculature. CDUS, colour-Doppler
ultrasound; CEUS, contrast-enhanced ultrasound.

MI: 0.07¢%
MIF:0.06

with colour and power Doppler ultrasound (CDUS). The trans-
verse bilateral plane is important, so that the asymptomatic testis
serves as a reference for size, echogenicity and Doppler signal.

To perform ultrasound strain elastography, a stress is applied
through repeated manual compression of the ultrasound-
transducer adjusted according to a visual indicator, and
the amount of the target lesion deformation relative to the
surrounding healthy tissue is evaluated and displayed by colour
coding."” Qualitative or semi-quantitative measurement of the
elasticity in relation to healthy testicular tissue can be obtained.
For shear-wave elastography, measurements are generated
without compression in the transverse plane obtained in the
centre of the testis and the average of at least three readings
is taken as the final result to reduce measurement variation.
With regards to safety, when the impulse used to produce the
tissue displacement is mechanical in origin such as in strain
elastography, there is no reason for more concern about the

Figure 3. Global testicular infarct following a missed testicular
torsion. Greyscale (a) showing diffuse heterogeneity of the
testicular parenchyma. CEUS (b) conclusively demonstrates
the absence of perfusion within a testis. CEUS, contrast-
enhancedultrasound.
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safety of elastography than for B-mode imaging. However, when
acoustic radiation force impulses are used such as SWE, signif-
icant temperature rises may theoretically occur. It is therefore
recommended that the “as low as reasonably achievable” prin-
ciple should be applied when setting the output for acoustically
induced elastography methods and the scanning time should be
kept short.*?

CEUS should be performed with the joint approval of the
clinician caring for the child and radiologist after evaluation
with greyscale and CDUS. In most cases, an informed verbal
consent obtained from parents or legal guardians is all that may
be required, but local policies may vary and a written consent
for UCA administration may be a hospital requirement. There
are no standardised dosage schemes of the administrated ultra-
sound contrast agent for paediatric scrotal CEUS. In principle,
the amount of UCA required is higher compared to the amount
required in examination for abdominal organs, as a relatively
small number of microbubbles within the UCA resonate at the
high frequency used for imaging superficial structures such as
the scrotum. For adult scrotal CEUS examination, a bolus of
4.8ml of SonoVue™/Lumason™ is used. It is accepted that
the dose of the administrated UCA may be reduced in children
adjusted according to child’s age, body surface or body weight.
A suggested dosage scheme is 0.6 mL in children <6 years old,
1.2mL for those between 6 and 12 years old and 2.4 mL in those
>12 years old. Catheters measuring 12-24 gauge can be used
for the venous access for the administration of UCA. When
performing the CEUS examination, the mechanical index (MI)
should be kept as low as possible to avoid microbubble destruc-
tion, with current machines being able to achieve MI values as
low as 0.08. After a bolus UCA injection, serial static images and
multiframe cine-clips are acquired, and continuous observation
is usually performed from the time of arrival of the microbubbles
and until they disappear. Images are stored digitally. Quantitative
analysis could be performed for comparison of the enhancement
dynamics over a region of interest (ROI) during the post-
processing step if required, with evaluation of various aspects of
the wash-in and wash-out parameters in time-intensity curves.

Contraindications for CEUS include a history of known hyper-
sensitivity to the active substance or excipients, children with
right-to-left shunts, severe pulmonary hypertension and uncon-
trolled systemic hypertension. Although it has been suggested
that theoretically microbubbles in may lower the threshold of
tissue cavitation, this theoretical risk is balanced against the risk
of alternative imaging or misdiagnosis.”® The rate of anaphylac-
toid reactions to UCA in children is very low,*° ready access
to resuscitation equipment is mandatory and should be in close
proximity to the room where CEUS examinations are conducted.
All personnel involved with UCA administration in children
should have the appropriate skills in identifying and treating a
contrast reaction in a child.

NORMAL MPUS ANATOMY (FIGURE 1)

On greyscale ultrasound, the normal testes are symmetrical,
oval-shape organs characterised by a homogeneous pattern of
medium-amplitude echoes.” After microbubble administration,
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Figure 4. Testicular segmental infarct. Greyscale image (a)
showing a focal area outlined by a hypoechoic halo. CDUS (b)
demonstrates scarce blood flow signals. Arrowheads outline
the abnormality in (a, b). Confirmation of lack of enhance-
ment on CEUS (c) differentiates a segmental infarction (block
arrow) from a vascular tumour. CDUS, colour-Doppler ultra-
sound; CEUS, contrast-enhanced ultrasound.

arteries enhance first, followed within a few seconds by complete
fill-in of the parenchyma. The testis and epididymis enhance
quickly and intensively while scrotal wall enhancement is less
pronounced. Unlike the liver, the testis has a single arterial
supply and thus no clear cut-offs exist to differentiate enhance-
ment phases. In general, an early phase lasts up to 40s and a late
phase to 90s can be considered. Enhancement typically fades
within 2-3 min.*”*® On the SE, a normal testis is relatively “soft*
with a subalbugineal ring, which appears stiffer due to a higher
number of connective septa arising from the tunica albuginea.

MPUS FOR PAEDIATRIC SCROTAL PATHOLOGY
Paediatric scrotal pathologies could be broadly grouped into the
following categories: Torsion, Trauma, epididymoorchitis and
tumours (and tumour-mimics).>* Pain, swelling, redness, and
a palpable mass are the typical manifestations of many paedi-
atric scrotal pathologies, with pitfalls in their clinical diagnosis.
The potential added value of scrotal MPUS for a range of clinical
indication is summarised in Table 1.

Figure 5. Testicular fracture. Greyscale mode (a) showing a dif-
fusely heterogenous testis, where the viable part of the paren-
chyma cannot be differentiated form the non-viable. CEUS
(b) conclusively delineates the fracture line (blocked arrows)
and confirm the lack of enhancement in the traumatized, non-
vascularized section of testicular parenchyma (*), thus guid-
ing surgical treatment. CEUS, contrast-enhancedultrasound.

Huang et a/

Figure 6. MPUS of a testicular hematoma. The haematoma
appears hypoechoic on greyscale (a) and avascular on CDUS
(b). CEUS (c) can conclusively confirm the lack of enhance-
ment in the non-vascularised haematomas (*). On SE (d), focal
post-traumatic haematoma can show a variable pattern, but
may not appear as hard as a focal malignancy. CDUS, colour-
Doppler ultrasound; CEUS, contrast-enhanced ultrasound; SE,
strainelastography

TORSION

Testicular torsion

Testicular torsion is the rotation of the testis with torsion of the
spermatic cord and is the most common cause of acute scrotum
(86%) in adolescents (aged 13-21 years) and the second most
common cause (34%) in younger children (0-12 years).>"*
Testicular torsion should always be considered in the differen-
tial diagnosis in paediatric patients with acute onset of scrotal
pain, nausea, abnormal lie, and loss of the ipsilateral cremasteric
reflex, especially in adolescents.®! Testicular torsion could lead to
testicular ischemia and necrosis, and prompt and accurate diag-
nosis is crucial for testis salvage.”® In suspected testicular torsion,
immediate surgical exploration is advocated when the clinical
findings are highly suspicious. Practically speaking, immediate
ultrasound should only be performed either to explicate sono-
graphic features supportive of an alternative diagnosis such as an
epididymoorchitis when the clinical likelihood of torsion is low,
or to establish the diagnosis of global testicular infarct in a poten-
tial missed torsion, without delaying clinical management.*!

The ultrasound examination should be performed by an experi-
enced investigator as torsion is not an all-or-none phenomenon,
but a complex condition with a spectrum of sonographic presen-
tations.?® Greyscale ultrasound findings in testicular torsion are
variable: the testis may appear enlarged or demonstrate a hetero-
geneous echo pattern. Usually, the testicular echotexture shows
a low echoic signal 4-6h after the torsion due to oedema and
swelling. After 24h, a torted testis becomes more heterogeneous,
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Figure 7. MPUS of an epididymal abscess (*). Greyscale (a)
showing a mixed echogenicity paratesticular lesion (asterisk)
which shows intense peripheral vascularity on CDUS (b) but
no internal blood flow signals. The lack of internal enhance-
ment is better appreciated on CEUS (c), where the lesion is
better demarcated. On SE (d) the abscess appears as “soft”
elasticity pattern (represented by the predominantly green
colour pattern in this case). CDUS, colour-Doppler ultrasound;
CEUS, contrast-enhanced ultrasound; MPUS, multiparametric
ultrasound;SE, strain elastography

reflecting congestion, ischemia, and/or haemorrhage. The most
direct finding with respect to testicular torsion is a twisted sper-
matic cord, referred to as the “whirlpool sign”** Colour Doppler
studies with duplex spectral analysis of the testicular paren-
chyma and vessels are mandatory. Decreased or absent affected
testicular flow has a sensitivity of 86-100%, and a specificity of
97.9-100%.** However, false-negative CDUS evaluations can
occur in the setting of spontaneous de-torsion or intermittent
torsion, which could exhibit hyperaemia and may be misdiag-
nosed as orchitis.

To date, no advantage of CEUS over CDUS has been found for
acute testicular torsions in several case reports and investiga-
tions.*®*~*¢ However, CEUS as an adjunct may be helpful in two
specific situations in the paediatric population. Firstly, CEUS
has the potential to provide improved sensitivity in detecting
vascularity in the paediatric testis in pre-pubertal boys, in whom
the testes are small and associated with relatively low flow and
it is often difficult to demonstrate perfusion within a normal
testis with CDUS (Figure 2).*® Secondly, CEUS may be used
for problem-solving to conclusively confirm the lack of perfu-
sion in children with small testes in clinically suspected missed
torsion with global infarct (Figure 3), where conventional ultra-
sound and CDUS imaging may result in diagnostic uncertainty
due to apprehension of suboptimal assessment of flow in a child
with testicular torsion. Strain elastography may show stiffer

BJR

Figure 8. MPUS of an epidermoid cyst. Greyscale ultrasound
(a) showing a rounded lesion of mixed echogenicity with
partially calcified wall, which was avascular on CDUS (b).
On MPUS, an epidermoid cyst typically appears as a sharply
defined mass, completely unenhancing on CEUS (c) and
“hard” on SE (d) (indicated by the homogeneously “blue”
colour pattern). CDUS, colour-Doppler ultrasound; CEUS,
contrast-enhanced ultrasound; MPUS, multiparametric ultra-
sound;SE, strain elastography.

appearance as the parenchyma becomes oedematous. Although
it does not help with the diagnosis, shear-wave elastography
may have a prognostic value, as higher stiffness values caused
by testicular torsion have been associated with qualitatively and
quantitatively decreased spermatogenesis in an animal model.*”
These experimental findings, however, have not been validated
in humans.

With regards to intermittent testicular torsion, MPUS could
add useful information for evaluating a segmental infarction,
which may be secondary to recurrent episodes of intermit-
tent testicular torsion. When an intermittent torsion causes a
segmental infarction, it may be barely detectable on the grey-
scale ultrasound in the early phase. Segmental infarcts may
subsequently appear hypoechoic, with some hyperechoic areas
if haemorrhage is present. Regardless of greyscale appearance,
a segmental testicular infarction is invariably hypovascular or
avascular on CDUS.*® The differention of a segmental infarc-
tion from a hypovascular tumour such as a mixed germ cell
tumour in paediatric patients may be problematic in rounded
lesions when vascularity is not completely absent.*” CEUS is able
to demonstrate features suggestive of a segmental infarct, with
distinct non-enhancing parenchymal lobules (Figure 4) with a
perilesional rim enhancement in subacute segmental infarction
which progressively decreases in size and eventually disappears.
The evolution and size reduction of the abnormality confirms
the diagnosis.”®? On SE, early after the onset of pain segmental
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Figure 9. MPUS of a malignant testicular mixed germ cell
tumor. Greyscale ultrasound (a) identifying the focal hypo-
echoic lesion. CDUS (b) shows blood flow signals within the
lesion. On MPUS, the mixed germ cell tumour appeared as
a solid intratesticular mass with enhancement on CEUS (c),
and areas of “hardness” (indicated by the presence of ill-
demarcated “blue” colour pattern) on SE (d). CDUS, colour-
Doppler ultrasound; CEUS, contrast-enhanced ultrasound;
MPUS, multiparametric ultrasound;SE, strain elastography.

testicular infarction can be stiff at the periphery and soft in the
centre, due to the oedema and haemorrhagic changes. Later on,
the lesion is usually soft.?”

Trauma

Testicular trauma is common in children, usually due to a
sporting activity.”®> Testicular trauma causes haemorrhage and
infarction of the parenchyma which could ultimately lead to
necrosis. In serious cases, disruption of the tunica albuginea
accompanied by parenchymal protrusion can occur and is an
indication for urgent surgery.”® The essential remit of ultrasound
in the setting of blunt scrotal injury is to confirm testicular
viability and to establish the need for urgent operative interven-
tion to salvage the testis.”*

Greyscale ultrasound findings of a traumatised testis include
changes in parenchymal echogenicity due to haemorrhage and
ischaemia, and irregular testicular contours or discontinuity of
the tunica albuginea suggesting testicular rupture. However, the
extent of haematoma and haemorrhagic areas may be underesti-
mated on greyscale ultrasound, as the echogenicity of the haema-
toma can be similar to the normal testis. It is also challenging to
clearly establish testicular tissue viability on CDUS, as the testic-
ular vascular signal could be globally reduced on CDUS in the
injured testis due to oedema.”

Huang et a/

Figure 10. Greyscale ultrasound (a) showing a small hypo-
echoic Leydig cell tumour (block arrow). On CEUS (b), the
Leydig cell tumour (block arrow) can demonstrate a strong,
rapid and prolonged hyperenhancement. CEUS, contrast-
enhancedultrasound.

CEUS is highly sensitive in demonstrating parenchymal vascu-
larity and its changes in the traumatised testis.”” CEUS has been
found to show weak, inhomogeneous, patchy enhancement or
complete loss of enhancement in a severely fractured testis. CEUS
can conclusively delineate the fracture line and confirm the lack
of enhancement in the non-vascularised parenchyma (Figure 5).
It has been shown that CEUS adds to conventional ultrasound
assessment in planning clinical and surgical management of the
patient by establishing a clear boundary between viable and non-
viable testicular tissue, allowing accurate surgical debridement.**

Following trauma, a haematoma may be sonographically
complex, developing septations in the chronic phase or
demonstrating penetrating vessels, features mimicking a small
hypoechoic lesion. It is important to be confident that a focal
intratesticular abnormality incidentally found after trauma is
a hematoma rather than an incidental vascularised focal intra-
testicular lesion. MPUS could add diagnostic confidence if the
haematoma demonstrates minimal internal enhancement on
CEUS, and does not appear “hard“ on SE, with resolution on
follow-up ultrasound examinations (Figure 6).>

Inflammation

Inflammatory disease of the scrotum includes epididymoor-
chitis and is mainly idiopathic when affecting younger children
or associated with sexually transmitted disease in adolescents.
Inflammation of the epididymis (epididymitis) appears with
enlargement of the epididymis with increased echogenicity and
CDUS signal. The head of the epididymis is the most frequently
affected part. Simultaneous disease of epididymis and testis can
be found in up to 40% of cases. The findings are similar when
the inflammation primarily affects the testis. Complications
of severe inflammatory disease include abscess formation and
venous infarction, although such entities may be less frequent
in the paediatric population.! In the setting of inflammation,
CEUS is virtually unnecessary in uncomplicated patients.
Nonetheless, CEUS is valuable in the evaluation of complicated
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Figure 11. MPUS of an extratesticular adenomatoid lesion (*).
On greyscale ultrasound (a) the lesion appears as a hypo-
echoic lesion in close proximity with the testis. CDUS (b)
shows some degree of internal blood flow signals. On CEUS
(c), the lesion is hypoenhancing relative to testicular paren-
chyma but this CEUS pattern is non-specific and the CEUS
appearances of an extratesticular adenomatoid lesion can
be variable. On SE (d), this lesion appears as “hard” (repre-
sented by the homogeneously blue colour pattern), but the
appearances on SE can be variable. CDUS, colour-Doppler
ultrasound; CEUS, contrast-enhanced ultrasound; MPUS, mul-
tiparametric ultrasound;SE, strain elastography.

epididymoorchitis. Namely, it has been found to better delineate
and help establish the diagnosis of abscesses and venous infarc-
tion in adult patients.”® An abscess should typically exhibit a rim
of increased enhancement but absolute lack of internal enhance-
ment. The absence of internal vascularity as documented with
CEUS was also reported for extratesticular abscesses.”®” CEUS
is excellent in establishing the absence of vascularity (Figure 7).
This is particularly useful in cases of abscesses containing
echogenic material or extending across a large part of the
hemiscrotum.

TUMOURS AND TUMOUR-MIMICS

Cystic lesions

Simple cysts are only rarely found in the paediatric testis and
either associated with rete testis or tunica albuginea. A compli-
cated cyst containing proteinaceous content, blood or other
form of echogenic debris may mimic a solid focal lesion. In
this setting, it is of great importance to establish the absence of
vascularity within the echogenic material. CEUS could be used
to conclusively demonstrate the absence of internal vascularity
with a complicated cyst and exclude the diagnosis of a neoplasm.
Similarly, epidermoid cysts, which are well-defined lesions with
a lamellated echogenicity consisting of multiple concentric layers
of alternating echogenicity and an outer hyperechoic rim, could

BJR

Figure 12. MPUS of a spermatic cord lipoma (*). Greyscale (a)
shows a hyperechoic extra testicular mass, with no internal
vascularity noted on CDUS (b). CEUS (c) (split screen: CEUS
on the left and the corresponding greyscale mode on the
right) shows hypoenhancement relative to testicular paren-
chyma. The CEUS enhancement pattern of a spermatic cord
lipoma however is variable. On SE (d) (split screen: SE on the
left and the corresponding greyscale mode on the right) a
“harder” pattern is noted (represented by the predominantly
blue colour pattern in this case). CDUS, colour-Doppler ultra-
sound; CEUS, contrast-enhanced ultrasound; MPUS, multipar-
ametric ultrasound;SE, strain elastography.

also mimic testicular tumours. The key to differentiate an epider-
moid cyst from a vascular tumour is the confirmation of absence
of internal vascularity. CEUS could be used in this context to
conclusively demonstrate the absence of internal vascularity
within an epidermoid cyst (Figure 8) to confirm benignity with
increased confidence.”®

Solid lesions

Testicular tumours in paediatric population are uncommon
(1-2% of all paediatric solid neoplasms) with an incidence of
0.5-2/100,000 boys.**** Unlike pre-pubertal lesions, most of
post-pubertal intra testicular masses have similar pathology
as adults, being often malignant and require orchiectomy.*
Testicular tumours are categorised as non-germ cell tumours
and germ cell tumours. The latter are further classified as semi-
nomas and non-seminomatous tumours, which are the most
common testicular tumour in boys. Yolk sac tumours are the
most frequent type of germ cell tumour affecting prepubertal
children. These tumours appear as heterogeneous, well-defined
solid focal masses, although they may occasionally present with
diffuse testicular enlargement. Other cellular types giving rise to
tumours include cells of the gonadal stroma (Leydig cell tumour),
sex cord cells (Sertoli cell tumour), and this group of tumours
is referred to as non-germ cell tumours. Leydig cell tumours
usually affect children between 3 and 6 years of age and may be a
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cause of precocious puberty. As in adults, Leydig cell are benign
entities in over 90% of cases in the post-pubertal population.

The finding of a vascular focal intratesticular lesion nearly
always implies the presence of a malignant lesion, and orchidec-
tomy is the standard surgical management. A testicular malig-
nant tumour, broadly speaking, appears as a solid intratesticular
mass, vascularised on CDUS and CEUS, and “hard“ on elas-
tography (Figure 9).*> Although the evaluation of vascularity is
not a pre-rogative of CEUS alone, CEUS enables a substantial
improvement in accuracy in detecting vascularity. SE on its own
is not able to accurately differentiate malignant from benign
testicular lesions, but current evidence suggests a “soft“ abnor-
mality independent of vascularity, is probably benign.?!*? It has
been suggested that Leydig cell tumours display an enhance-
ment pattern on CEUS of early avid hyperenhancement with
delayed washout (Figure 10).2>° Although currently a research
tool, there have been promising investigations on using CEUS
time-intensity curves analysis to differentiate tumour types in
the adult population.®’~®® It should however be clarified that
differentiation between benign and malignant paediatric scrotal
tumours with MPUS is an issue of current ongoing research and

Huang et a/

definite conclusions on this application may be drawn in the
future.

Extratesticular masses

Solid or complex extratesticular scrotal masses, which can mimic
intratesticular tumours, represent a range of tissues commonly
encountered in paediatrics. These include congenital conditions
such as supernumerary testes, benign lesions, such as an adeno-
matoid lesion (Figure 11) or a spermatic cord lipoma (Figure 12),
but also life-threatening malignancies, such as a rhabdomyosar-
coma. Unfortunately, on MPUS there is a considerable overlap in
the appearances of many solid extratesticular masses, precluding
a specific diagnosis in most cases.”’

CONCLUSION

Ultrasonography is well established as the first-line imaging
method for children with scrotal pathology and often adequately
identifies abnormalities to allow for appropriate clinical manage-
ment. In the appropriate clinical indications, MPUS, in partic-
ular with CEUS, could increase operator diagnostic confidence
and has the potential to influence, or even change, the diagnostic
and therapeutic decisions.
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