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Abstract

Multiparametric US is increasingly recognized as a
valuable problem-solving technique in scrotal patholo-
gies. Compared to conventional Doppler modes, con-
trast-enhanced ultrasonography (CEUS) has higher
sensitivity in assessing the presence or absence of flows,
and to improve differentiation between poorly vascu-
larized tumors and non-neoplastic, avascular lesions.
Characterization of benign and malignant complex cysts
is improved. In trauma patients, CEUS can help evalu-
ating the viability of testicular parenchyma. In patients
with severe epididymo-orchitis, it allows unequivocal
assessment of post-inflammatory ischemic changes and
abscess formation. CEUS does not add significantly to
conventional Doppler modes in spermatic cord torsion.
Attempt of differentiating benign and malignant tumors
remains a research tool. In the clinical practice, elastog-
raphy has a limited role for tumor characterization. The
majority of malignant tumors are stiff at elastography,
but they may display soft areas, or appear globally soft.
A quantitative evaluation of testicular stiffness is feasible
using shear-wave elastography. Potential clinical appli-
cations for elastographic modes could include work-up
of infertile patients.
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Abbreviations

CEUS Contrast-enhanced ultrasonography

MRI Magnetic resonance imaging

US Ultrasonography

Ultrasound contrast agents are gas-filled microbubbles
composed of a shell of biocompatible materials which
contains gases of low solubility and diffusivity [1, 2].
Microbubbles behave as an active source of sound and
modify the characteristic signature of the echo from
blood. For CEUS examinations, US equipment must
have contrast-specific modes designed to allow separa-
tion between non-linear response induced by microbub-
bles and signal from the tissues. Since microbubbles
display their resonance peak at ultrasonographic fre-
quencies used for abdominal imaging, abdominal appli-
cations are prevailing, particularly in evaluation of liver
and kidney. However, a number of smaller bubbles res-
onate at higher frequencies, making feasible CEUS of
superficial structures such as small bowel, carotid artery,
eye, superficial nodes, joints, and testis [3, 4]. Regarding
scrotal pathologies, there is increasing evidence that
CEUS is a cost-effective, easy-to-use, reproducible means
which helps solving equivocal cases on conventional
ultrasonographic modes [3]. As it has been shown for
abdominal organs, its strength is the ability to detect
slow flows in poorly vascularized lesions with sensitivity
at least equal, if not superior, to contrast-enhanced
magnetic resonance imaging (MRI) [5–7], much higher
compared to conventional Doppler modes. Contrast-
enhanced ultrasonography is used off-label for scrotal
imaging. Its employment, however, is based on several
publications and supported by international guidelines
[3]. Microbubbles are administered safely in various
applications with minimal risks to the patients. They
have a very low rate of anaphylactoid reactions (1:70,000
patients, 0.0014%) [8], significantly lower than the rate
with iodine-based and comparable with gadolinium-
based contrast agents [9, 10]. Microbubble contrast
agents are eliminated through the lungs and liver. Until
metabolized, they act as blood pool agents, and they are
neither excreted through the kidneys nor are able to enter
the interstitial spaces and can be safely administered to
patients with renal insufficiency [3, 11].
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Elastography visualizes differences in the biomechani-
cal properties of tissues. Elastographic techniques can be
classified in two main categories, strain and shear-wave
elastography [12]. Strain elastography provides qualitative
results. A stress is applied by repeatedmanual compression
of the transducer, and the amount of lesion deformation
relative to the surrounding normal tissue is evaluated and
displayed in color. Shear-wave elastography uses an
acoustic radiation force pulse to produce a longitudinal
strain with known properties, and the speed of shear
(transversal) waves is measured, propagating perpendicu-
lar to the longitudinal strain. This measurement is used to
obtain a quantitative estimation of tissue stiffness at elas-
tography [12, 13].While several investigations explored the
use of strain elastography in imaging the testis [14–16], only
few studies dealt with use of shear-wave modes [17, 18].

While gray-scale and color Doppler modes are the
mainstay for scrotal imaging, it is now established that
simultaneous use of conventional modes, elastography,
and CEUS increases the diagnostic capabilities of the
technique. This approach is increasingly used in the
clinical practice, since elastographic and contrast-specific
modes are now available for imaging superficial tissues in
the majority of equipment. The simultaneous use of
different US techniques is called multiparametric US
[19]. In this review article, the application of multipara-
metric US for scrotal imaging is illustrated, and limita-
tions are discussed.

Examination technique

CEUS is performed after a preliminary gray-scale and
color Doppler evaluation using contrast-specific modes,
with contrast-enabled transducers. The power of the US
beam is set to obtain minimum microbubble destruction
with the available equipment. A low mechanical index

(MI) is used to obtain minimum microbubble destruc-
tion. MI values vary depending on the characteristics of
the equipment, transducer, and contrast mode. Gener-
ally, MI values of 0.08–0.05 are set, but there are
machines requiring higher (up to MI £ 0.3) or lower
(MI ‡ 0.02) acoustic pressures [20]. As a relatively small
number of smaller microbubbles resonate at the fre-
quency used for imaging superficial structures, a higher
amount of contrast is required to obtain an adequate
enhancement of the scrotal content, compared to
abdominal organs. Typically, up to 4.8 mL contrast
medium is injected using a 20-gage cannula, followed by
a 10-mL saline solution flush.

A different examination technique is used depending
on the particular clinical problem. Continuous observa-
tion is usually performed from the time of arrival of the
microbubbles until they disappear. Images and cine clips
of the entire CEUS examination are stored digitally. In
most of cases, CEUS is performed on a target lesion
identified at US. An imaging plane is fixed, and the lesion
investigated from the time of appearance up to disap-
pearance of microbubbles. If the enhancement character-
istics of the testes have to be compared, a ‘‘spectacle’’ view
of both testes is obtained with a transverse scan plane. If
CEUS is performed to identify ischemic areas or abscess
formation, a sweep on the entire affected testis, or on both
testes, is performed.

With strain elastography, lesion is assessed by
applying a gentle pressure adjusted according to a visual
indicator for compression strain on the video screen. The
stiffness at elastography of the lesion is compared to the
surrounding tissue and displayed by color coding. When
most of the testis is involved, the contralateral testis is
used for comparison. Semi-quantitative measurement of
the elasticity score in relation to healthy testicular tissue
can be obtained [21].

Fig. 1. Normal testicular anatomy at CEUS. Testicular arteries enhance first (A) followed within few seconds by complete fill-in
of the parenchyma (B).

900 M. Bertolotto et al.: Multiparametric US for scrotal diseases

2



Fig. 2. Normal testicular anatomy at strain and at shear-
wave elastography. A Strain elastography. Stiff regions are
displayed in blue. B Shear-wave elastography. Stiff regions
are displayed in red. The testis is homogeneously soft with a

subalbugineal stiffer rim. The measure in the central portion of
the testis in the shear-wave image shows normal average
elasticity value of 2.2 kPa.

Fig. 3. Patient with longstanding high-degree testicular tor-
sion investigated with multiparametric US. A Color Doppler
US shows avascular, hypoechoic inhomogenous left testis

(T).B Strain elastography shows the left testis (T) stiffer than
the contralateral. C CEUS confirms lack of vascularity of the
left testis (T).
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In our practice, shear-wave elastography is preferably
conducted in the transverse plane to standardize the
technique and reduce measurement variation. Images are
generated without compression, because pressure can
modify elastographic stiffness values. Three measure-
ments are obtained in the center of the testis and the
average considered as the final result [17, 22]. Red means
stiff by convention, and blue a soft tissue. The data
acquisition procedure takes approximately 2–3 min [17].

Normal anatomy

After microbubble administration, the testis and epi-
didymis enhance quickly and intensively. Enhancement
typically fades within 2 min [23, 24]. As shown in the
animation (CLIP#1), arteries enhance first, followed
within few seconds by complete fill-in of the par-
enchyma, while scrotal wall enhancement is less pro-
nounced (Fig. 1).

Normal testis is relatively soft at elastography with a
stiffer subalbugineal ring which appears stiffer both on
strain and shear-wave modes. This is possibly due to a
higher number of connective septa arising from the tu-
nica albuginea (Fig. 2). Shear-wave velocity measure-
ments have been done in healthy man for determination
of standard values. Trottmann et al. [22] investigated 66
volunteers of different ages (range: 20–86 years old).
Mean shear-wave velocity values differed between the
center and the periphery of the testis, but were not
dependent from age. Conclusions were that shear-wave
elastography is feasible in the assessment of testicular
stiffness, provided that measurements are performed in
the same region.

High-degree testicular torsion

Testicular torsion or, more accurately, torsion of the
spermatic cord, is not an all-or-none phenomenon, but a
complex condition with a spectrum of clinical and
sonographic presentations [25]. In lesser degrees of tor-
sion, the arterial supply can be initially maintained, as
the high pressure within the testicular artery prevents
complete compression and closure in the spermatic cord.
In higher degree torsion, arterial and venous flows in the
affected testis are absent. High-degree testicular torsion
(also called complete torsion) is therefore defined when
the degree of rotation is high enough to acutely halt
testicular blood flow [26]. Low-degree torsion (also
called partial torsion) is diagnosed when intratesticular
flow is still present [27].

An animal study shows that a torsion of the spermatic
cord of 450� or more is necessary to cause disappearance
of both arterial and venous flows in the testis [26].

Microbubble contrast agents are extremely effective
in assessing organ perfusion with the possibility to detect,
in principle, echoes from individual bubbles [28]. Since
1996, Coley et al. [29] and O’Hara et al. [30] suggested
use of CEUS for the diagnosis of testicular ischemic
changes. Considering these experimental studies, Paltiel
et al. claim use of CEUS for suspected testicular torsion
in small testes, like in prepuberal children, in whom
conventional Doppler modes do not ensure an optimal
assessment of vascular flow [31]. These experimental
studies, however, dealt with use of microbubbles to in-
crease Doppler signal with conventional color Doppler
modes. Recent high-end equipment has much higher
sensitivity for slow flows, which are detected also in

Fig. 4. A 52-year-old man with right segmental testicular
infarction. A Color Doppler US image shows inhomogeneous
lesion (curved arrows) lacking color signals. The testis ap-
pears globally hypovascular. B CEUS image shows two

adjacent ischemic lobules (asterisks) separated by an inter-
vening area of viable parenchyma (arrowheads). The vascu-
larization of the remaining portions of the testis is normal.
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prepuberal boys without need for contrast agent injec-
tion. In men, testicular torsion is investigated with CEUS
in a limited number of case reports. Cosgrove et al. and
Catalano et al. altogether reported on seven patients with
high-degree testicular torsion, respectively, investigated
with CEUS [32], [33]. Microbubble injection did not add
significantly to conventional Doppler modes. Other
investigations drew similar conclusions [23, 34, 35].

In patients with testicular torsion, elastographic
changes are consistent with finding at palpation. The
parenchyma becomes edematous, with increased consis-
tency at palpation, and a stiffer appearance at elastog-
raphy (Fig. 3).

Elastographic evaluation may have a prognostic va-
lue for estimation of testicular parenchymal damage.
According to the result in rabbit of Zhang et al., shear-
wave elastography is a method for testicular spermato-

genesis evaluation after torsion [36]. These experimental
findings, however, have not been validated in men, yet.

Low-degree testicular torsion

Diagnosis of low-degree testicular torsion is challenging,
and remains controversial. Only two cases evaluated with
CEUS have been reported in men [33, 34]. Experimental
studies in rabbit show that evaluation of time–intensity
curves after microbubble injection could perform better
than conventional Doppler modes [29, 31]. In the clinical
practice, however, diagnosis of low-degree torsion is
obtained combining detection on the symptomatic side
of monophasic waveforms, increased resistance index
with decreased diastolic flow velocities, diastolic flow
reversal, or post-stenotic flows associated with the
‘‘whirlpool sign,’’ i.e., demonstration of the funicular

Fig. 5. Segmental testicular infarction in a patient presenting
with right acute scrotal pain lasting for 2 h. A Color Doppler
ultrasonography reveals a slightly inhomogenous, barely vis-
ible area (arrowheads) in the upper pole of the testis in which

Doppler signals are lacking. B Strain elastography shows an
area (arrowheads) with the same stiffness of the parenchyma
and a slightly stiffer peripheral zone (arrowheads). C CEUS
shows a completely avascular lesion (arrowheads).
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vessels wrapping around the central axis of the twisted
spermatic cord [37].

Segmental testicular infarction

Segmental testicular infarction presents clinically with
acute scrotal pain. Early after the onset of symptoms,
infarction might be barely visible on gray-scale US, while
later it is usually hypoechoic. Hyperechoic areas consis-
tent with hemorrhage may be present. Regardless of
gray-scale appearance, segmental testicular infarction is
invariably hypovascular or avascular at color Doppler
interrogation. The differential diagnosis from a hypo-
vascular tumor may be problematic in rounded lesions
and when vascularity is not completely absent [37].
CEUS proved effective in differentiating segmental tes-

ticular infarction from hypovascular tumors when
appearance at conventional Doppler modes is equivocal.

While a minority of small testicular tumors may not
show flow on color Doppler interrogation, virtually all
testicular tumors display enhancement on CEUS, with the
exception of any cystic component and regions of necrosis
[20]. As shown inFig. 4-5, and inCLIP#2, CEUS is able to
confirm the lack of enhancement of the lesion, showing
distinct non-enhancing parenchymal lobules, occasionally
separated by normally vascularized parenchyma [38].

Subacute segmental infarction typically shows a per-
ilesional rim enhancement which progressively disappears
during the follow-up. Later on, the lesion decreases in size,
takes a wedge-shaped appearance, and eventually disap-
pears, sometimes leaving a parenchymal scar. Follow-up is

Fig. 6. Patient with post-inflammatory infarction of the left
testis investigated with multiparametric US. A Color Doppler
US shows avascular, hypoechoic inhomogenous left testis
(T). B Strain elastography shows the left testis (T) stiffer than

the contralateral right testis. C CEUS confirms lack of
enhancement of the left testis (T). D The contralateral right
testis is normal.
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always necessary to document the evolution of the lesion.
Changes in lesion shape, vascular features, and size
reduction during the follow-up confirm the diagnosis [38].

At elastography, early after the onset of pain seg-
mental testicular infarction can be stiff at the periphery
and soft in the center, likely reflecting the presence of
edema and hemorrhagic changes (Fig. 4). Later on, the
lesion is usually soft [18, 39].

Global testicular infarction

In rare cases, a complete infarction of a testis is identified
not caused by torsion of the spermatic cord. As shown in

CLIP#3 and in Fig. 6, a relatively common cause is post-
inflammatory global infarction, a rare complication of
severe epididymo-orchitis with impaired venous outflow
leading to venous infarction. Other possible reasons are
systemic embolization and vasculitides. CEUS is effective
in confirming the absence of flows within the testicular
parenchyma [40]. In the clinical practice, however, en-
ough clinically useful information is usually obtained
with conventional Doppler modes. The ischemic testis is
usually hard at palpation and stiff at elastography. Soft
areas are identified as necrosis and colliquation take
place.

Fig. 7. Histologically proved seminoma. A Color Doppler US fails to detect lesion vascularity (asterisk). B Strain elastography
shows a stiff lesion (encoded blue, asterisk). C CEUS shows a hypervascular lesion (asterisk).
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Tumors

Using latest generationUS equipment, the vastmajority of
testicular tumors display vascularity at color Doppler
interrogation. Small tumors, however, and tumors with

small vessels and slow flows may present with lack of
Doppler flow. Horstman et al. reported that while color
signals were present in 95% of tumors larger than 1.6 cm,
Doppler flow was lacking in 86% of tumors less than

Fig. 8. Non-palpable Leydig-cell tumor identified incidentally
in a patient investigated for infertility. A Color Doppler US
shows a vascularized hypoechoic testicular nodule (asterisk).
B CEUS image obtained early after the arrival of microbub-
bles shows a hypervascular nodule with early enhancement

(asterisk). C Shear-wave elastography shows that, although it
was non-palpable, the tumor is stiffer than the parenchyma
(average stiffness: 5.4 vs. 3.4 kPa for the tumor and for the
parenchyma, respectively).
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1.6 cm [41]. Although with modern equipment the sensi-
tivity of Doppler modes is increased, characterization of
lesions lacking Doppler flow remains challenging. In a
recent analysis, Ma et al. show that a substantial propor-
tion of hypoechoic testicular lesions lacking Doppler sig-
nals are malignant [42].

Current evidence shows that virtually all testicular
and extratesticular tumors enhance at CEUS making
differentiation with non-enhancing, likely benign lesions
feasible [19, 24, 43–45] (Fig. 7). Both benign and malig-
nant lesions enhance (Figs. 7 and 8).

In patients with testicular tumors, CEUS helps identi-
fying particular patterns of vascularization. In primary
testicular tumors, intralesional vessels usually display a
tortuous pattern on both color Doppler and CEUS, de-
scribed as ‘‘crossing’’ appearance [46]. Exceptions are
infiltrative neoplasms such as lymphoma, granulocytic
sarcoma, and plasmocytoma, which appear as solitary or

multiple hypervascular lesions, or as diffuse infiltration of
the entire testis [47, 48]. In most of cases, a non-branching
linear pattern is seen in the intratumoral blood vessels,
which is confirmed at CEUS (Fig. 9). These features are
appreciable also in extratesticular infiltrative neoplasms,
such as lymphoma of the spermatic cord, epididymis, and
scrotalwall [49, 50]. Lesions are hard at palpation andwith
increased stiffness at elastography [48].

Several investigations attempted evaluation of time–
intensity curves after microbubble contrast injection to
differentiate benign from malignant solid testicular neo-
plasms, especially seminoma from leydigoma [44, 51, 52].
Although these results are promising, quantification re-
mains a research tool. Indeed, both qualitative and
quantitative CEUS analyses overlap between different
histological types.

There are few studies with conflicting results in terms
of the diagnostic performance of elastography in the

Fig. 9. Histologically proved diffuse large-B-Cell lymphoma
of the left testis. A–C left testis. A Color Doppler US shows
enlarged left testis with increased vascularity. No distinct
masses are seen. B Strain elastography shows increased

stiffness of the entire left testis (encoded blue). C CEUS
confirms color Doppler findings, showing a globally hyper-
vascular left testis, consistent with diffuse tumor infiltration.
D Color Doppler interrogation of the normal right testis.
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evaluation of the testicular lesions. Some of them [15, 19,
53, 54] claim that a very high percentage of malignant
lesions, approaching 100%, appears stiff at elastography.
Other investigations, however, demonstrated that
malignant lesions can be soft, while a number of non-
neoplastic lesions are stiff, including cysts, hematoma,
infarction, rete testis, and scars [55]. Moreover, lesions
can change in consistency over time. In our experience,
lesion position matters. Characterization of subalbug-
ineal findings as stiff or soft may be difficult at elastog-
raphy because the normal testicular parenchyma is stiffer
in that region. Peripheral lesions, however, are easily
palpated during the physical examination of the patient.
Current evidence suggests that lesions stiff at elastogra-
phy are more likely to be malignant, and ‘‘soft’’ lesions
more likely benign, but overlapping is consistent

(Figs. 10 and 11). When the different investigations are
considered together, the pooled sensitivity and specificity
of elastography for characterization of testicular lesions
as benign or malignant vary from 59%–98% and 25%–
38%. Elastography can therefore increase the potential of
multiparametric ultrasonography in scrotal lesion char-
acterization, but alone is not able to differentiate
malignant from benign lesions [21].

Complex cystic lesions

Cysts of the epididymis, tunica albuginea, and testis are a
very common cause of scrotal swelling [56]. While simple
cysts are invariably benign, any lesion complexity raises
concern for a cystic tumor [43, 57, 58]. Amorphous
material such as blood clot, mucoid or keratinous fluid

Fig. 10. Histologically proved pure seminomas. Features at strain elastography. A Palpable seminoma stiff at elastography
(asterisk, encoded in blue). B Non-palpable seminoma soft at elastography (asterisk, encoded in green).
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may present as hypomobile, echogenic content mimick-
ing vegetations. Mature teratomas, in particular, should
be considered in the differential diagnosis. Virtually all
tumors are vascularized at CEUS, enclosed teratomas,
while non-tumor complex cysts and epidermoid cysts are
avascular (Fig. 12).

Diagnosis of epidermoid cyst is clinically relevant.
These lesions have not malignant potential and can be
followed up or treated with a testis sparing enucleation
rather than orchiectomy. Layers of keratinized squa-
mous epithelium often give to epidermoid cysts the typ-
ical ‘‘onion ring’’ pattern, consisting in alternating rings
of low and high echogenicity. This pattern, however, is
lacking in many cases making characterization difficult.

Characterization is improved for lesions stiff at elastog-
raphy which lack vascularity at CEUS [59].

Inflammation

Epididymo-orchitis is the most common cause of acute
scrotal pain in adults. Diagnosis is based on clinical
features and presentation at color Doppler ultrasonog-
raphy. In the vast majority of cases, epididymo-orchitis
presents with increased vascularity. A severe epididymo-
orchitis, however, may cause tissue edema with venous
compression and parenchymal ischemia which favors
abscess formation. When post-inflammatory ischemia
develops, the testis is hypovascular, despite clinical signs

Fig. 11. Histologically proved leydigomas. Features at strain elastography. A Non-palpable leydigoma soft at elastography
(asterisk, encoded in green). B Palpable leydigoma stiff at elastography (asterisk, encoded in blue).
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of severe inflammation. High resistance parenchymal
flows and/or diastolic flow reversal are recorded at
Doppler spectral analysis. Aggressive medical treatment
with antibiotics and anti-inflammatory medications is
needed in post-inflammatory ischemia to reduce
parenchymal edema, to increase testis vascularity, and
prevent abscess formation and/or venous testicular
infarction. CEUS is able to visualize ischemic changes
and abscess formation in the testis and epididymis [35,
37, 60]. As shown in CLIP#4 and in Figs. 13 and 14,
impending abscess formation presents with markedly
hypovascular areas with indistinct margins, while overt
infarction is avascular, rounded or oval, often sur-
rounded by a hypervascular rim of enhancement [23, 61].
The examination can be repeated during the follow-up to
investigate the response to medical therapy.

In our practice, elastography does not add signifi-
cantly to clinical examination, conventional Doppler
modes, and CEUS. Epididymo-orchitis is stiff at elas-
tography, while abscesses are usually softer (Fig. 15). At
elastography, impending abscess formation can be stiff at
the periphery and with inhomogeneous stiffness in the
center, likely reflecting the presence of small colliquation
areas. Overt abscesses are prevalently softer than the
surrounding tissue (Fig. 16), sometimes stiffer at the
periphery [55].

Traumas

In patients with scrotal trauma, the extent of hematomas
and hemorrhagic areas within the testis is often under-
estimated with conventional ultrasonographic modes.
Early after the trauma, the echogenicity of the hematoma
can be similar to the normal testis and testicular vascu-
larity is globally reduced in the injured testis due to

edema and blood extravasation. CEUS is highly sensitive
to reveal parenchymal vascularization and its changes in
the injured testis [24, 34]. Unlike gray-scale US, CEUS is
able to depict fracture lines, intratesticular hematomas,
and to differentiate viable from non-viable parenchyma
[23] (Fig. 17). This information helps planning the clini-
cal and surgical management of the patient.

Spontaneous testicular hematoma

Testicular hematomas are commonly encountered in
patients with scrotal traumas. Rarely, hematomas de-
velop also spontaneously, or could follow spontaneous
bleeding of previously undetected intratesticular aneur-
ysms and arteriovenous malformations. Patients present
with acute scrotal pain. The lesion mimics a tumor at
gray-scale ultrasonography, but lacks Doppler flow and
enhancement at CEUS [37, 62]. Differentiation from a
hypovascular tumor requires contrast agent administra-
tion and is important, since spontaneous hematoma is
managed conservatively provided a firm preoperative
diagnosis is made. A presumptive diagnosis of sponta-
neous testicular hematoma can be made putting the
clinical presentation and ultrasonographic modes to-
gether, and confirmed by rapid change in shape and
appearance during the follow-up, an evolution not
encountered in tumors (Fig. 18). MRI confirms the
diagnosis showing that the lesion displays characteristic
signal intensity of blood [63]. When in fluid, hematoma is
similar to cyst at elastography, while organized hema-
tomas are echogenic or with mixed appearance [21, 55]

Infertility

In infertile patients, changes of testicular size and
echogenicity are often non-specific. CEUS has currently

Fig. 12. Incidentally detected complex testicular cyst.
A Gray-scale ultrasonography shows a complex cyst in the
upper pole of the testis (asterisk) containing echogenic

material mimicking a vegetation (arrowhead). B CEUS shows
the absence of vascularized vegetations within the cyst. The
cyst disappeared during the follow-up (not shown).
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no established role in infertile patients. Rarely, it can be
used in markedly inhomogeneous testes to improve
identification of small nodules. Use of elastography is
undergoing investigation in an attempt to find new
clinically useful independent parameters. The elasticity
pattern of the testis seems to be related to the volume and
function [64]. Elastography seems promising to differ-
entiate azoospermia from different causes. Rocher et al.
found a significant difference between patients with non-
obstructive azoospermia and Klinefelter syndrome,
compared to both non-obstructive azoospermia in other
patients and to obstructive azoospermia [17]. The clinical
impact of these findings in the current practice is, how-
ever, questionable because of substantial number of
overlapping values. Technical optimization is necessary

to improve differentiation between normal and infertile
patients.

Varicocele

There are investigations exploring the role of CEUS and
elastographic modes in patients with varicocele. Current
evidence shows that varicocele can affect fertility, since
semen improvement is observed after varicocele correc-
tion [65, 66]. One hypothesis is that the hydrostatic
pressure may exceed pressure in the intratesticular arte-
rial microcirculation causing a relative hypoxia of the
testicular tissues and ischemic damage [67]. Caretta et al.
evaluated with CEUS in 90 patients with left varicocele,
50 with oligospermia, and 40 with normozoospermia

Fig. 13. Post-inflammatory testicular ischemia in a patient
with severe epididymo-orchitis. A Color Doppler ultrasonog-
raphy shows hypoechoic, hypovascular testis (T) and en-
larged, hypervascular epididymis (E). B Spectral Doppler

analysis shows high resistance testicular flows, consistent
with ischemia. C CEUS shows an ischemic area (asterisks) in
the upper pole and middle portion of the testis (T) consistent
with impending abscess formation.
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Fig. 14. Severe epididymo-orchitis in a patient presenting
with right testicular pain and swelling. ‘‘Spectacle’’ view of
both testes obtained with a transverse plane. A Color Doppler
ultrasonography reveals a hypoechoic hypervascular right
testis (T). The contralateral left testis (asterisk) displays nor-
mal vascularity. B Strain elastography axial image showing a

stiffer right testis (T) compared to the contralateral one (as-
terisk). Stiff regions are encoded in blue. C CEUS shows in-
tense end early enhancement of the right testis (T) compared
to the left testis (asterisk). Small non-enhancing areas are
identified in the right testis, consistent with small abscesses.

Fig. 15. Epididymo-orchitis complicated with abscess for-
mation. A Color Doppler US shows hypervascular testis
(T) and epididymis (curved arrows). An area lacking color
signals is identified in the tail of the epididymis (asterisk),

consistent with an abscess. B Strain elastography shows a
globally stiff epididymal tail (curved arrows, encoded in blue),
with a softer colliquative area (asterisk).
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[68]. They found a linear correlation between the total
sperm count and left mean transit time. A mean transit
time greater than 36 s was an independent predicting
parameter for oligospermia with 78% sensitivity and 58%
specificity. Recent studies suggest that elastography
could play a role to predict testicular damage in patients
with varicocele. According to Camoglio et al., testes with
varicocele are significantly stiffer at elastography than
the contralateral ones, and there is a positive correlation
between parenchymal stiffness at elastography and the
duration of spermatic vein reflux [16]. Also, it has been
shown that shear-wave elastography could have a role to
predict semen parameter improvement after varicoc-
electomy [69]. These results are very promising, but still
experimental and need to be confirmed in larger studies
before clinical application could be considered.

Therapeutic applications

A perspective in ultrasonography research is use of new
targeted microbubbles carrying bioactive materials such
as genes or drugs to specific sites. Diagnostic and ther-
apeutic applications can be prospected. When
microbubbles reach the target site, intracellular delivery
can occur with different mechanisms. Substances with
small molecular size can enter the cell with the contri-
bution of endocytosis. Sonoporation allows uptake of
larger molecules and plasmids [70]. With sonoporation,
low-frequency ultrasound irradiation is used to generate
transient pore formation in the cell membrane with the
aim to obtain a reversible increase in its permeabilization
[71]. It is a cavitation phenomenon, markedly increased
in the presence of microbubbles. Microbubbles augment

Fig. 16. Post-inflammatory left testicular ischemia with ab-
scess formation in a patient with severe epididymo-orchitis.
A Strain elastography axial image showing a homogeneously
stiff left testis (asterisk, encoded in blue), compared to the
contralateral testis (T). B Follow-up examination obtained one
week later shows the presence of soft areas in the upper pole

of the left testis consistent with colliquation of the parenchyma
(A, encoded in red). Abscess formation is appreciable also on
the gray-scale reference image by the presence of a hypoe-
choic, inhomogeneous area with ill-defined margins (A), cor-
responding to the soft region identified at elastography.
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Fig. 18. Spontaneous intratesticular hematoma in a patient
presenting with abrupt onset of severe left testicular pain and
swelling and no history of trauma. A Color Doppler ultrasonog-
raphy reveals a hypoechoic avascular lesion (asterisk).BCEUS

confirms lack of lesion vascularity (asterisk). C After one week,
lesion appearance changed, showing a complex cystic appear-
ance due to blood clot lysis. Hematoma was confirmed with
characteristic appearance of blood at MR imaging (not shown).

Fig. 17. Testicular rupture. A Color Doppler ultrasonogra-
phy shows contour irregularities of the testis and nearly
complete absence of vascularization of the injured par-

enchyma. B CEUS shows that only a small portion of the
parenchyma (asterisk) is still viable. The testis was removed
at surgery.
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delivery of bioactive substances to the testis as well.
Bekeredjian et al. investigated rats receiving luciferase
without microbubbles and rats receiving intravenous
injection of luciferase-loaded microbubbles while ultra-
sonography was applied to the right testis. The testes that
received ultrasonography and luciferase-loaded
microbubbles showed about twofold greater luciferase
activity compared with testes without ultrasonography
or without microbubbles [72].

Conclusions

Multiparametric US is now established as the imaging
modality of choice for scrotal diseases. The use of high-
frequency gray-scale US and Doppler modes is the
mainstay. Contrast-enhanced ultrasonography is
increasingly recognized as a valuable problem-solving
technique in selected cases. Compared to palpation,
elastography offers a more objective evaluation of tissue
consistency, but the information provided is basically the
same. Potential clinical applications of shear-wave elas-
tography include work-up of infertile patients.
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