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Abstract

High-resolution ultrasound is the most common imaging technique used to supplement the physical examination of scrotum
and penis with great accuracy in assisting the diagnosis of the various pathologies of male genital system, with the highest
diagnostic potential in emergency conditions. Technical advancements in real-time high-resolution, color flow Doppler
sonography and contrast enhanced ultrasonography (CEUS) have led to an increase in the clinical applications of scrotal
and penile sonography. In this pictorial review we focus on common and uncommon male genitalia emergency with special
emphasis on the role of ultrasound assessment and its specific findings to improve diagnostic accuracy.
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Introduction

High-resolution ultrasound (US) is the most common imag-
ing technique used to supplement physical examination of
scrotum and penis with great accuracy in assisting the diag-
nosis of the various pathologies of male genital system, with
the highest diagnostic potential in emergency conditions.
In this pictorial review we focus on common and uncom-
mon male genitalia emergency with special emphasis on the
role of US assessment and its specific findings starting from
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an overview of testicular and appendage torsion, discuss-
ing testicular and epididymis inflammations as well as their
complications and Fournier’s gangrene; also representing
pictorial-cases of post-surgical testicular ischemia, hyper-
tensive hydrocele, testicular compartment syndrome, then
discuss in more details about trauma and post-traumatic
complications both of the testicle and penis and finally,
analysing and differentiating the high-flow and low-flow
priapism, identifying the Mondor disease and discussing
the inflammatory complications of the penis too.

Technique and anatomy

Scrotum and penis are examined in the supine position, bet-
ter with a towel placed under the scrotum and with the penis
dorsiflex on the patient’s abdomen, with high-frequency
(7.5-15 MHz) linear probe, if possible in virtual convex
mode to widen the field of view, and in some cases recur-
ring to the use of low-frequency probes (5 MHz or lower) if
greater penetration is required [1, 2]. Color- or power flow
and pulsed Doppler US are also adopted to evaluate tes-
ticular and penis blood flow that is a crucial finding in the
emergency setting [1, 2].
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Scrotum

The scrotum is assessed through longitudinal and trans-
verse planes starting with B-mode scans and compar-
ing testis and epididymis to the contralateral side, scan-
ning first the asymptomatic side to set the gray-scale and
color—Doppler gains. The split-screen mode is useful
for side-to-side comparison. Color- and pulsed-Doppler
should be optimized to depict low-flow velocities with

Fig.1 a, b. PRF setting. High (a) and low (b) PRF setting show a
better evidence of intra-testicular flow at low setting (white box; a,
b). ¢, d, e Trans-mediastinal testicular vessels. Longitudinal scans of
testis with power-Doppler (c), color-Doppler (d) and superb micro-
vascular imaging (SMI) (e) mode show an artery branching from the
mediastinum testis and running within the parenchyma. f Mediasti-
num testis and albuginea. Longitudinal B-mode scan of testis shows a
normal homogeneous echotexture of testis with a mediastinum testis
(arrow) as a linear echogenic band of fibrofatty tissue; a thin echoic
line surrounds the testis and corresponds to the tunica albuginea
(arrowheads). g Head of epididymis. Longitudinal B-mode scan of
testis with virtual convex field of view shows the head of epididymis
(arrows) with a normal homogeneous echotexture. T: testis. h, i Flow
of trans-testicular arteries. Longitudinal scan of testis shows normal
testicular arteries representation at color-Doppler mode (h) with
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pulse repetition frequency (PRF) setting to the lowest
velocity possible (Fig. la, b); three spectral Doppler
recordings should be obtained in each testicle (upper,
middle and lower thirds). Power—Doppler may be used
to visualize the intratesticular blood flow as well as spe-
cific technologies that enhance microvascular flow (e.g.
superbe microvascular imaging—SMI) (Fig. lc, d, e). Tes-
tis shows homogeneous echogenicity with a mildly coarse
echotexture. The tunica albuginea appears as an echogenic
outline of the testicle and forms the mediastinum testis

{

T
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low-impedance waveform with large amount of end diastolic flow
at pulse-Doppler mode as well as low resistance pattern (i). 1, m, n
Normal testicular anatomy at CEUS. Longitudinal scans of testis after
contrast agent administration show: Testicular arteries enhance first
(1) followed by a complete fill-in of the parenchyma and a progressive
late washout (n). (white box: time of the scans; 1, m, n). o Normal
penis anatomy. Transverse B-mode ventral scans of the penis at the
basis shows two hypoechoic images (C) corresponding to the cor-
pora cavernosa with a thin echoic line that surrounds them and corre-
sponds to the tunica albuginea (arrowheads); the corpus spongiosum
(S) is adjacent to the corpora cavernosa. p Cavernous artery. Longitu-
dinal, ventral scan of the penis, with color-Doppler and pulsed mode
shows a normal flow pattern of the cavernous artery (arrow) in a flac-
cid penis
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(Fig. 1. f). The epididymal head is a round structure iso-
echoic or mildly hypoechoic (thickened 5—12 mm), the
epididymal body extends down the posterior aspect of the
testicle (thickness 2—4 mm) and the epididymal tail curve
at the inferior pole, becoming ductus deferens (thickness
2-5 mm) (Fig. 1g) [1, 2]. The velocity waveform of nor-
mal capsular and intra-testicular arteries shows low vas-
cular resistance of the testis represented by high levels
of antegrade diastolic flow throughout the cardiac cycle
(Fig. 1h, i) [1]. In the investigation of the acute scrotum
the diagnostic goal is the differentiation between hypo-
vascular and avascular lesions, identifying the residual
healthy parenchyma after twisting or derotation, after
trauma or inflammatory events, and characterizing some
complications, such as abscesses, which can be equivocal

Table 1 US appearance and setting of testis and penis

and misinterpreted at B-mode and color-Doppler too.
Further to this point, contrast enhancement US (CEUS)
provides a practical solution, increasing the confidence
in the interpretation of lesion vascularity and of scrotal
and cord vessels, allowing for appropriate clinical manage-
ment [3]. CEUS is usually performed with a linear array
transducer and a low mechanical index (MI=0.07-0.08).
The ultrasound contrast-medium consists of inert filling
gas, such as sulfur hexafluoride, encapsulated by phos-
pholipid shells (SonoVue, Bracco) injected intravenously
(2.4-4.8 mL) through a 20-gauge cannula and followed
by 10 mL saline flush. After contrast agent administra-
tion, testis and epididymis enhance rapidly: the arteries
enhance first followed by complete and progressive fill-in
of the parenchyma within a few seconds; after that, the

Appearance

Setting

Note

Scrotum Testis: uniform, homogeneous echogenic-

Penis

ity. Testicular septa: fine lines dividing
the parenchyma into individual lobules.
Tunica albuginea: echogenic line sur-
rounding the testicle with a small amount
of lubricating fluid within. Mediastinum
testis (point of confluence of the effer-
ent ductules and the septa): echogenic
fibrous structure

Epididymis: isoechoic or slightly hypo-
echoic compared with testis

The ductules converge through the body
and tail and form the vas deferens which
continues in the spermatic cord. Along
with the vas, the cord also contains the
testicular artery, cremasteric artery, def-
erential artery, the pampiniform plexus
of veins, the genitofemoral nerve and
lymphatic channels

CEUS: testis and epididymis enhance rap-
idly. The arteries enhance first followed
by complete and progressive fill-in of the
parenchyma within a few seconds; after
that the enhancement declines over a
variable period of time such that there is
minimal residual enhancement by three
minutes

Corpora cavernosa: uniform hypoechoic
echotexture; corpus spongiosum is of
higher echogenicity

Tunica: echogenic envelope around the
corpora

Cavernosal arteries: echogenic walls cen-
trally within the corpora

High-frequency (10 MHz or greater)
linear-array transducer

Longitudinal and transverse planes. Split
screen mode for side-to-side comparison

Color-Doppler: optimized for low-volume
and low-velocity flow adjusting gain
and PREF settings, in case of artifacts. It
reveals bilaterally symmetric and rela-
tively uniform flow through both testes
and epididymides

Spectral-Doppler: tracings of testicular
arterial inflow demonstrate relatively low
resistance; by contrast, cremasteric and
deferential arteries have relatively high
resistance to flow. The normal testicular
artery RI in adults range from 0.46 to
0.78, with a mean of 0.64

High-frequency (7 MHz or greater) linear-
array transducer

Longitudinal and transverse planes,
scanning on the ventral surface of the
penis; on the dorsal or lateral surface if
necessary

Color-Doppler: slow-flow sensitivity must
be optimized with filters and PRF set at
their lowest levels; all of these settings
can then be adjusted if higher than
expected velocity distorts the Doppler
display

Spectral Doppler: changes according with
the status of the erection

The size and echogenicity of testes and
epididymides should be compared with the
other side. When comparing flow between
sides, be sure to firstly set imaging
parameters to the non-affected side; then,
without changing any settings, image the
affected side

Valsalva manouvre: to evaluate the testicular
venous system or to detect an inguinal
hernia

CEUS: a higher contrast agent concentration
is required to examine the scrotal contents;
typically 4.8 mL of SonoVue™ (Bracco
SpA, Milan)

Spectral Doppler: during the flaccid state,
the systolic waveform is damped and has a
monophasic flow profile with a relatively
small diastolic component of flow. As
intracavernosal pressure rises, a dichrotic
notch appears at end systole and diastolic
flow diminishes. When intracavernosal and
diastolic pressures are the same, diastolic
flow ceases and there is only a systolic
blood flow. The systolic envelope narrows,
and the systolic velocity may fluctuate
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enhancement declines over a variable period of time such
that there is minimal residual enhancement by three min-
utes (Fig. 11, m, n) [3].

Penis

Penis examination starts from the glans to the base through
longitudinal and transverse scans with B-mode at first. The
vascular pattern is evaluated by color-Doppler; filters are
set at their lowest levels and the Doppler gain just below
the noise threshold; PRF is set to the lowest velocity set-
ting possible. The corpora cavernosa are homogeneous and
relatively hypoechoic cylindrical structures lined with tunica
albuginea, a thin echogenic membrane that has a thickness
of approximately 2 mm when the penis is flaccid (Fig. 10);
medial corpus spongiosum is more echoic than the corpora

cavernosa (Fig. 10). Velocity waveforms of the cavernous
arteries normally vary from high velocity and low resistance
to a progressive increase of the resistance according to erec-
tion stages (Fig. 1p) [1, 2]. In Table 1 we have summarized
some advice to the US setting with normal testis and penis
US findings.

Testicular pathology
Testicular torsion

Torsion of testis is among the major causes of acute scrotal
pain as a primary disease of adolescents and neonates. It
is the most common cause of testicular loss in these age
groups. However, torsion may occasionally occur in men
40-50 years old. Torsion can occur with sports or physical

Fig.2 a Acute torsion. Longitudinal color-Doppler scan of the right
and left testis shows no flow in the right testis (arrow; R: right) com-
pared to the left (L: left). However, the parenchyma still shows a
preserved ecostructure. b Sub-acute torsion. Longitudinal B-mode
scan of testis shows a fine inhomogeneity of the parenchyma with
poor evidence of the mediastinum testis (arrow). ¢, d Sub-acute tor-
sion. Transverse B-mode scan (c¢) and color-Doppler scan (d) of tes-
tis show an enlarged hypoechoic testis (¢) and absent flow within the
testis with surrounding hyperemia. e Intermittent torsion. Longitu-
dinal color-Doppler scan of testis shows a widely uneven eco-struc-
ture as a result of intermittent twisting but with represented flow. f
Chronic torsion. Longitudinal B-mode scan of both testis shows het-
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erogenous echotexture of the torsed right testis (arrow) which also
appears increased in volume compared to the left as a result of hem-
orrhagic infarction. g Flow pattern in incomplete torsion. Longitudi-
nal color-Doppler scan of testis with pulse mode shows increase in
flow’s resistance of the intra-testicular arteries with reversal of flow
in diastole caused by edema impeding venous flow. h, i, 1 After detor-
sion parenchymal testis viability. Longitudinal B-mode (h) and trans-
verse scans with superbe microvascular imaging (i) and after con-
trast agent administration (I) show an inhomogeneously hypoechoic
area (arrows; h) not vascularized at superbe microvascular imaging
(arrows; i) which however appears much more extensive at CEUS
(arrow; 1) with peritesticular hyperemia
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activity; it can be related to trauma in 4-8% of cases or
can spontaneously develop [4]. At US, varying degrees of
heterogeneous parenchymal echotexture might be seen in
testicular torsion within 1 to 6 h [1]. In the early phase,
immediately after the onset of the torsion, US reveal no
abnormality, becoming progressively heterogeneous and
hypoechoic, compared with the contralateral normal testis,
due to the edematous infiltration (Fig. 2b—e). Significant
heterogeneity and enlargement are suggestive for late tor-
sion and testicular non-viability (Fig. 2f). The asymmetri-
cal dampened spectral waveform in the affected testis and
absence or reversal of diastolic flow suggests testicular
torsion in the proper setting [5]. Both the intensity of
the symptoms and the degree of testicular ischemia are
closely associated to the timing of the torsion, the num-
ber of twists of the spermatic cord, and the grade of the
compressed spermatic cord vessels. To a complete arterial
occlusion is necessary a torsion at least 540 degrees with
its characteristic US “whirlpool pattern” [1]. The presence
of testicular blood flow in a patient with a typical clinical
presentation for torsion does not exclude the diagnosis of
a partial testicular torsion. The latter could be, in inexperi-
enced hands, a confounding factor since on color-Doppler,
in a partial torsion of fewer than 360 degrees, the arterial
flow may still be represented; however, in this condition
a diminished diastolic arterial flow with high resistance
pattern on spectral Doppler examination, due to venous
outflow obstruction, in addition to a twisted spermatic
cord, may help to establish the correct diagnosis (Fig. 2g)
(video 1) [1, 6]. The use of CEUS may also improve the
sensitivity of detecting blood flow in the scrotum and to
better identify segmental infarction or sub-acute segmental
infarctions (Fig. 2h, i, 1) [1, 3]. In Table 2 are summarized
the US features of testicular torsion degree.

Torsion of the testicular appendage

Torsion of the testicular appendage is a common cause of
acute scrotal pain and may clinically mimic a testicular
torsion [1]. At US, an appendix testis with spherical shape
and size larger than 5-6 mm with no internal blood flow
and increased peri-appendiceal vascular signals is strongly
suggestive of the torsion of appendix testis (Fig. 3a, b) [4].
It may be either hypoechoic or hyperechoic in compari-
son with the testis or epididymis echo texture and is often
associated with a reactive hydrocele and skin thickening.
The classical physical examination finding is the “blue
dot” sign, referring to a palpable, small, and firm nodule
on the upper pole of the testis (Table 3) [5].

Epididymitis/epididymo-orchitis

Epididymitis is the most common cause of acute scrotal
pain in post-pubertal men, causing 75% of all acute intra-
scrotal inflammatory processes of which the most frequent
pathogens are Escherichia coli, Pseudomonas, and Kleb-
siella [1]. Usually, it is due to lower urinary tract infec-
tions but there are also other causes such as hematogenous
or post-traumatic spread [1]. In up to 20% of patients the
direct extension of epididymal inflammation to the testi-
cle, causing the so-called epididymal-orchitis [1]. At US
an inflamed epididymis may appear enlarged and heteroge-
neous focally or diffusely affected with varying degrees of
echogenicity which can be respectively: hypoechoic relative
to the testicle in case of edema, otherwise hyperechoic in
case of hemorrhagic findings [7]. In the context of a dif-
fusely swollen testicle with low reflectivity, well-defined
patchy areas of low reflectivity may later appear (Fig. 4a,
b) [8]. An occasional finding is a reactive hydrocele with

Fig.3 a, b Torsion of appendage. Longitudinal B-mode (a) and color-Doppler mode (b) scans of the upper pole of testis show an enlarged and

avascularized appendage (arrows; a, b)

@ Springer



Journal of Ultrasound (2021) 24:211-226

217

Table 3 Acute Scrotal pathologies (with the exception of Testicular torsion)

Testis Clinical findings

us key features

Torsed appendix

mass close to the upper pole of the testis

Epididymitis/orchitis
tion
The testis is usually enlarged and tender

Testicular atrophy may result, and later fertility is prob-

ably reduced

An occasionally finding is a reactive hydrocele

Abscess Swollen and tenderness. Fever

Infarction

Fournier’s gangrene Significant pain and swelling

Early diagnosis avoids development and progression of
the gangrene with danger consequences, like multiple

organ failure and death

Compartment syndrome Hydrocele

Trauma
Scrotal injury
I: Contusion
II: Laceration < 25% of scrotal diameter
III: Laceration > 25% of scrotal diameter
IV: Avulsion < 50%
V: Avulsion > 50%

Blue dot sign: a small, firm and palpable nodule on
the upper pole of the testis with a bluish discolora-
tion through the overlying skin. In the early-stage, the
twisted appendage can be palpated as a small tender

Dysuria, pyuria, fever and a painful epididymis on palpa-

Persistent testicular pain with scrotal swelling

Appendix testis with spherical shape and size larger than
5,6 mm with no internal blood flow

Increased peripheral flow may be seen around the twisted
testicular appendage at color-Doppler US appendiceal
vascular signals

Frequent reactive hydrocele and skin thickening

Enlarged epididymis focally or diffusely affected with
varying degrees of echogenicity depending upon the tim-
ing of the evolution of symptoms

In case of edema, hypoechoic relative to the testicle with
a separation of the layers of the scrotal wall. Within
the testis, there is a swelling and diffuse low reflectiv-
ity which may later evolve to increasingly well defined,
patchy areas of low reflectivity

An occasionally finding is a reactive hydrocele with thick-
ening of the overlying skin. Increased blood-flow

Low-resistance spectral

Corpusculated fluid collection, or a markedly hypoechoic
mass with unclear edges, surrounded by a hypoechoic
halo. In rare cases gas bubbles

Color-Doppler shows a lack of flow centrally with periph-
eral hypervascularity. A pyocele can occur if the abscess
breaks through the tunica vaginalis

CEUS can identify a hypoechoic lesion with peripheral
rim of enhancement

A dysfunction of venous drainage may lead to interrup-
tion of arterial flow and subsequently cause testicular
infarction

Testis appears hypoechoic, with no detectable flow within
it

CEUS can identify a focal absence of enhancement

Subcutaneous gas in the scrotum is the key finding. Usu-
ally there is thickened and swollen scrotal wall

Gas bubbles associated with a typical crackling during the
compression of the probe

Increased flow on color-Doppler is typical. When fluid
collections with low-level internal echoes and irregular
walls are present, an abscess should be suspected

Abnormal collection of fluid around the testicle within the
tunica vaginalis between the visceral and parietal layers
absence of blood flow and ischemic risk

AAST (American Association for the Surgery of Trauma) Findings of a heterogeneous echotexture within the testis,

testicular contour abnormality, and disruption of the
tunica albuginea are considered very sensitive and spe-
cific for the diagnosis of testicular rupture. Hyperacute
and acute hematomas may appear isoechoic to the sur-
rounding testicular parenchyma or may have a diffusely
heterogeneous echotexture

CEUS can discriminate non-viable regions in testicular
trauma. In case of active bleeding, microbubbles could
be found in the hematoma

thickening of the overlying skin. A focal hypoechoic area
in the testicular hilum may mimic a testicular tumor but
the pattern of vascular distribution on color-Doppler may
demonstrate a linear pattern with the hyperemia associ-
ated with inflammation, suggesting orchitis. Color-Doppler
shows increased peri-testicular perfusion and maybe the

only finding of acute epididymitis (Fig. 4c—f) [9]. In the
acute phase, there is an increased flow within the tunica
vasculosa, radiating from the mediastinum testis out to the
periphery, as lines of color flow. The PRF and filtration must
be set low and a small color-sampling box should be used.
To exclude technical reasons as the cause of absent flow is

@ Springer
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Fig.4 a, b Acute epididymitis. Longitudinal B-mode (a) and
color-Doppler mode (b) scans of the tail of the epididymis show
an enlargement and a heterogeneous echotexture (arrows; a) with
an increased flow. ¢, d, e, f Acute epididymitis with spermatic cord
extension. Longitudinal color-Doppler mode scans (c, d) of the head
(¢) and tail of epididymis and longitudinal B-mode (e) and color-
Doppler mode scans (f) of the spermatic cord show an enlargement
and increased flow of the epididymis extended to the spermatic cord

that appears congested (arrows; e). g, h Orchitis. Transverse B-mode
(g) and color-Doppler mode (h) scans of the testis show an enlarge-
ment and a heterogeneous echotexture of testis (g) with an increased
flow (h). i, 1 Epididymal abscess. Transverse B-mode (i) and color-
Doppler mode (1) scans of the tail of the epididymis (stars, i, 1) shows
a focal low reflective area (arrows; i, 1) without vascularity within and
with increased surrounding vascularity

Fig.5 a, b, ¢ Epididymitis-related testicular infarction. Longitudi-
nal (a) and transverse (b) color-Doppler mode scans of testis show
a focal avascularized area of low reflectivity (arrows, b) at the upper
aspect of the testis surrounded by a perilesional hyperemia (star;

essential the comparison with the contralateral, asympto-
matic side, is achieved by including both testes on the screen
at the same time. This allows, also, the diagnosis of eventual
unilateral increased flow to be made. A typical striated tes-
ticular pattern is seen in the case of fibrosis secondary to an
inflammatory process and goes in differential diagnosis with
infiltrative process such as lymphoma or leukemia [10]. In
Table 3 we have summarized the clinical findings and US
key features of epididymo-orchitis.

@ Springer

b). The transverse scans obtained after administration of contrast
medium (c) confirms that the area is completely avascular (arrows; c)
and identifies a perilesional rim of enhancement (stars; c)

Primary orchitis

Isolated orchitis may also occur especially in the pediatric
population and are often associated with viral mumps infec-
tions [1, 11]. At the US, the testis appears usually hypo-
echoic, sometimes heterogeneous, and hyperemic with the
increased flow at color—Doppler (Fig. 4g, h); in one-third
of patients, the epididymis is enlarged and hyperemic too
(Table 3) [10].
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Fig.6 a, b, ¢, d, e Testicular ischemia after inguinal hernia repair.
Longitudinal color-Doppler mode scans of testis (a, b, ¢) and the
spermatic cord (d) show a focal low reflective necrotic area (star; a,
b, ¢) into a diffuse avascularised testis and haemorrhagic infarction of

Epididymis/testicular abscess

An epididymis or testicular abscess may develop second-
ary to severe epididymo-orchitis, or may be secondary to
mumps, trauma, or infarction. The US may depict a cor-
puscular fluid collection, or a markedly hypoechoic mass
with unclear edges, surrounded by a hypoechoic halo, in
rare cases gas bubbles are observed in the abscess cavity
and they appear as focal hyperechoic spots with posterior
shadowing; color-Doppler shows a lack of flow centrally
with peripheral hypervascularity (Fig. 41, 1). CEUS may be
able to determine the development of an abscess at an earlier
stage, or the complete extent of a large abscess (unenhanced
area surrounded by a hyper enhanced rim) and allow for
prompt treatment (Table 3) [3, 12, 13].

Epididymitis-related testicular infarction

Epididymitis-related testicular infarction is uncommon
and may be due to the acute onset of edema of epididymi-
tis, which compromises the venous drainage of the testes
with the interruption of the arterial flow and subsequently
thrombosis formation, or maybe due to bacterial toxins that
cause endothelial damage of vessels, which results in throm-
bus formation [14]. At the US, testis appears diffusely or

the cord (arrows; d) after inguinal hernia repair. The operative explo-
ration confirms the US finding and haemorrhagic infarction of the
cord (arrows; e—case of dr. Antonio Brillantino)

partially hypoechoic with segmental areas wedge shape with
no detectable flow within it and without enhancement on
CEUS (Fig. 5a—) (Table 3).

Testicular ischemia after inguinal hernia repair

Complications after inguinal hernia repair occur in 1.7-8%
of all cases [15]. One of these complications is testicular
infarction. US appearance of testicular ischemia results
in volume increase during acute-subacute phases and vol-
ume reduction during the chronic phase. Testicular paren-
chyma appears hypoechoic, with no detectable flow within
(Fig. 6a—e) (Table 3) [15]. In subacute or chronic phases
peritesticular hyperemia occurs, due to the anastomoses with
epididymal and deferential arteries. Hypertrophy of cremas-
teric vessels can be seen in chronic phases.

Fournier’s gangrene

Fournier’s gangrene is a rapidly progressing necrotizing
fasciitis involving the perineal, perianal, or genital regions,
caused by both aerobic and anaerobic bacterial flora [16].
Usually, there is thickened and swollen scrotal wall and mul-
tiple hyperechoic—hyperreflective spots with posterior acous-
tic “dark” shadowing, in relation to gas bubbles, associated
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Fig.7 a, b, ¢, d Fournier’s gangrene. Longitudinal B-mode scan of
the scrotal sac (a) shows scrotal wall thickening with multiple areas
of high reflectivity (arrows; a) in the subcutaneous tissue representing
gas formation. Longitudinal color-Doppler scan (b) of the onside tes-
tis shows normal parenchymal echotexture with flow pattern within.

with a typical crackling during the compression of the probe
(Fig. 7a—c) (Table 3); an increased flow at color-Doppler is
also typical [17].

Compartment syndrome

The compartment syndrome is a condition in which the
vasculature of the testis is compromised due to increased
venous resistance (varicocele hypertension, testicular tor-
sion, hernia compression of veins, or intratesticular arterio-
venous fistula) or extraluminal vessels compression [18].
The latter may be intravaginal (hemorrhage/hematoma, hem-
atocele, hydrocele, chylocele, lymphocele, pneumoscrotum,
orchitis/epididymo-orchitis) or extravaginal (fasciitis, cryp-
torchidism) too. Between these, the hypertensive hydrocele
is the main cause of testicular compartment syndrome since
the pressure within the hydrocoele exceed tissue perfusion
pressures with decreased microcirculation perfusion until to
complete absence of blood flow which leads to hypoxia and
reperfusion injury risk (Fig. 8a—d) (Table 3) [18].
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Computed tomography on axial view and lung window (c) confirms
the scrotal wall thickening and subcutaneous gas (arrows; c), consist-
ent with Fournier’s gangrene. Perineal and scrotal region after necro-
sectomy (d—case of dr. Giuseppe Romano). From Di Serafino et al.
[16]

Testicular trauma

Testicular trauma is the third most common cause of acute
scrotal pain. Timely diagnosis is crucial to avoid therapeu-
tic failure. Approximately 90% of ruptured testicles can be
saved if surgery is performed within the first 72 h, whereas
only 45% may be saved after 72 h [1]. The US is an irre-
placeable diagnostic tool since the clinical diagnosis is often
made difficult by the intense scrotal pain and swelling [1].
US findings may vary from a small hematocele to a testicular
rupture. Findings of a heterogeneous echotexture within the
testis, testicular contour abnormality, and disruption of the
tunica albuginea are considered very sensitive and specific
for the diagnosis of testicular rupture in an appropriate clini-
cal setting [19]. Evidence of rupture could be suggested by
the abnormality in the contour of the testis, resulting from
the extrusion of testicular parenchyma after disruption of the
tunica albuginea, obscured by a large extratesticular hema-
tocele or large scrotal wall hematoma (Fig. 9a—d). When
the tunica is ruptured, the underlying testicular parenchyma
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Fig.8 a, b, ¢, d Compartment syndrome. Longitudinal B-mode (a),
color-Doppler (b) and power-Doppler (c) scans of right testis (arrows;
a, b, ¢) in neonate with hypertensive hydrocele (star; a) show homog-
enous echotexture of testis without any vascular flow within com-

is almost always injured. However, a heterogeneous echo-
texture also may be seen in the presence of intratesticular
hematomas without a tunica albuginea rupture (Fig. 9e, f).
Suspected acute hematomas are re-examined within 12-24 h
after the initial US evaluation because hyperacute and acute
hematomas may appear isoechoic to the surrounding testicu-
lar parenchyma or may have a diffusely heterogeneous echo-
texture [19]. Chronic hematomas appear more hypoechoic
to anechoic and tend to decrease in size as they resolve. The
absence of vascularity at color-Doppler in a focal area of
the testis as well as at CEUS may be secondary to an intrat-
esticular hematoma. The tunica vasculosa and the tunica
albuginea are in close apposition, so the rupture of tunica
albuginea is almost always associated with a disruption of
the tunica vasculosa. As a result, the rupture of the testis
results in a loss of vascularity to a portion or the entirety of
the testis, depending on the grade of injury [19]. A testicu-
lar fracture refers to a break or discontinuity in the normal
testicular parenchyma. A testicular fracture line is identified
as a linear hypoechoic and avascular area within the testis,
a finding that may be or may not be associated with a tunica
albuginea rupture [2]. Besides integrity or interruption of

pared to the left side (b); the testis is also marginalized. Transverse
color-Doppler (e) scan after decompression shows an increased blood
flow within right testis (arrow; d)

the tunica albuginea, the most important information for the
surgeon is the extent of viable testicular tissue, which is a
difficult data interpretation at B-mode and color-Doppler
exam as well, because of a post-traumatic parenchyma often
appears hypovascular due to edema infiltration; fracture lines
often can not be seen directly. In this regard CEUS allows
the best differentiation between viable vascularized tissue
from nonviable devascularized tissue, enabling organ-spar-
ing treatment; fracture lines and intra-testicular hematomas
are also better defined by CEUS (Fig. 9¢g, h, i, 1) [3, 20]. In
Table 3 we have summarized the clinical findings and US
key features of testicular trauma.

Penile pathology

Penile trauma

Penile fracture is described as the rupture of the tunica
albuginea and/or corpus spongiosum in the erect penis

caused by rapid blunt force. Most commonly, penile frac-
tures involve one of the corpora cavernosa. In 10-20% of
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Fig.9 a, b Injury of the scrotal wall. Transverse B-mode (a) and
color-Doppler (b) scans show diffuse, inhomeogeneous thickening
of the scrotal wall (arrows; a, b), consistent with blood extravasa-
tion. The testis (T; a, b) is intact with normal blood flow within (b).
¢, d Extra-testicular hematoma. Longitudinal B-mode (c) and color-
Doppler (d) mode scans in two different patient show a hyperechoic
subacute hematoma on sub-albuginea side (arrows; ¢) and chronic
hypoechoic hematoma on extra-albuginea side (arrows; d) without
albuginea tears (arrowheads; ¢, d). e Intra-testicular hematoma with-
out tunica tears. Longitudinal color-Doppler mode scan (e) of upper
pole of the testis shows an avascularized hypoechoic heterogeneous
area referred to hematoma (arrows) with tunica intact (arrowheads).
f Intra-testicular hematoma with tunica tear. Longitudinal color-

cases, the rupture of the albuginea is associated with a
urethral injury [21, 22]; when the Buck fascia is intact, the
hematoma is confined to the penis, while when the Buck
fascia is injured, it tends to extend to the scrotum, pubis
and perineum, delimited exclusively by the Colles fascia.
The US can show the integrity of the tunica albuginea
as well as the extent and location of a tunical tear or any
hematoma on either side of the tunica. The timing of the
trauma influences the US aspects of the hematoma which
could be iso/hyperechoic or hypoechoic/anechoic respec-
tively in acute or in sub-acute/chronic phase according to
hemoglobin degradation. US has the potential to better
localize the hematoma within the corpus cavernosum, into
the septal area, or sometimes outside the tunica albuginea
(Fig. 10a—d). Injury to the sub-tunical venous plexus, or
the smooth muscle trabeculae in the absence of complete
tunica disruption, can lead to cavernosal hematomas. If an
arterial lesion is present, a post-traumatic arterio-venous
fistula with increased venous pressures and dilatations of
the injured vessel may result [23]. When trauma occurs
with the penis in a flaccidity state, is most commonly
observed the development of intracavernous or extracav-
ernal hematomas, but the albuginea remains unharmed.

@ Springer

Doppler mode scan (f) of the anterior surface of the testis shows an
avascularized hypoechoic heterogeneous area referred to hematoma
(arrows) with disruption of the tunica (arrowheads). Surgery con-
firmed testicular rupture. g, h, i, 1 Testicular rupture. Longitudinal
B-mode scans of the right (R; g) and left testis (L; h) after a motor-
cycle accident, a well defined hematoma of the right testis (arrows;
g) and diffuse parenchymal distortion of the left testis with contour
irregularity referred to rupture (arrows; h) is shown; the correspond-
ing CEUS findings of the right (i) and left testis (1) define better the
areas of avascular traumatic impairment (caliper; i, 1) with a large part
of the right parenchyma vital (star; i) unlike the left. The right testis
was rescued at surgery while the left has been removed

Color-Doppler allows defining hematomas, to confirm the
integrity of the albuginea tunic and to evaluate the penile
vessels (Fig. 10e, f). In Table 4 we have summarized the
clinical findings and US key features of penile trauma.

Priapism

Priapism is a prolonged tumescence or erection unrelated to
sexual stimulation that lasts more than 6 h [23]. The erec-
tion is limited to the corpora cavernosa without affecting
the corpus spongiosum. The two different classes of pria-
pism are low-flow priapism (LFP) and high-flow priapism
(HFP) (Table 4) [23]. LFP is the most common type and
results from failure of the detumescence mechanism. Pro-
longed low-flow priapism leads to a painful ischemic state,
which can cause fibrosis of the corporeal smooth muscle
and cavernosal artery thrombosis. The degree of ischemia
is a function of the number of emissary veins involved and
the duration of occlusion. Color-Doppler demonstrates the
absence of flows in the cavernous arteries or flows with low
speed and high resistances (Fig. 11a) (Table 4). The fibrosis
appears hyperechoic compared to the normal echogenicity
of the corpora cavernosa [24]. High-flow priapism is the
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Fig. 10 a Extra-albuginea hematoma. Transverse B-mode scan
shows a hematoma (arrows) adjacent to the left corpus cavernosum
(C); no fracture was identified in the tunica albuginea (arrowheads).
b Intra-cavernosus hematoma without tunica tears. Longitudinal
color-Doppler mode scan on right lateral view shows an avascular-
ized intra-cevernosus hematoma (arrow) without tunica albuginea
tear (arrowhead). ¢ Intra-cavernosus hematoma with tunica tear.
Longitudinal B-mode scan on left lateral view shows rupture of the
tunica albuginea (arrowhead) with an adjacent hematoma (arrow) due

result of uncontrolled arterial inflow from a fistula between
the cavernosal artery and the corpus cavernosum. At US,
the area of laceration of the artery and of the cavernous
tissue appears hypoechoic in the context of the cavernous
tissue that presents intense color signal on Doppler. At color-
Doppler fistula sampling documents turbulent flows with
high peak velocity (Fig. 11b) (Table 4) [23].

Mondor disease

Penile Mondor disease also known as penile superficial
venous thrombosis, is a rare, self-limiting process, charac-
terized by a lack of flow to and non-compressibility of the
superficial dorsal vein of the penis referred to thrombosis
that typically affects sexually active young men [21]. On US
the lumen of the superficial dorsal vein is occupied by echo-
genic material corresponding to the thrombosis; the vein

to trauma. d Urethral leak. Transverse B-mode scan at the basis of
the penis shows a large corpuscolate collection suggestive for hemo-
urinoma (arrows) due to post-traumatic urethral leak. (U: urethra). e,
f Pseudoaneurysm. Transverse B-mode and color-Doppler mode (e)
scan show a hypoechoic collection (star; e) referred to hematoma
with pseudoaneurysm (arrows; e) secondary to traumatic injury of
the penis. Digital subtraction angiogram (f) shows an area of abnor-
mal blush at the penile base that corresponds to the pseudoaneurysm
(arrow; f—case of dr. Giuseppe de Magistris)

appears as an echogenic cord with no color filling and flow
spectrum at color-Doppler US mode [21]. The latter is an
important tool in the diagnosis and in the follow-up therapy
(Fig. 11c, d) (Table 4).

Penile abscess

A cavernosum abscess is a rare condition. It can be idi-
opathic or with an underlying cause such as intracavern-
osal injection therapy, foreign bodies, perineal abscesses
extension, priapism or trauma [25]—US permits to detect,
in patients with penile inflammation extended to erectile
tissues, intra-cavernous hypoechogenic areas, with no defi-
nite edges and stratified thickness, similar to onion skin.
Abscess presents as a hypoechoic pool with an irregular
profile including floating echoes inside, located in erectile
bodies or between the lining bands (Fig. 12a—d) (Table 4).
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Table 4 Acute penile pathologies

Penis Clinical findings Key features to analyze
Trauma Snapping sound during the sexual act, followed by immediate The main role of US is to exclude the rupture of the albuginea.
pain and penile detumescence, in addition to the emergence  Injury to the subtunical venous plexus, or the smooth muscle
of large edemas, hematomas, and penile deformity trabeculae in the absence of complete tunica disruption, can
Sometimes, hematomas are so voluminous to determine the lead to cavernosal hematomas. If an arterial lesion is present,
so called “eggplant deformity”, with the penis appearing a post-traumatic arterio-venous fistula with increased venous
purple and swollen pressures and dilatations of the injured vessel may result
Rupture of a cavernous artery is rare and clinically manifested
by the appearance of high flow priapism
The color Doppler US allows to evaluate hematomas, to con-
firm the integrity of the albuginea tunic and to evaluate the
penile vessels
Priapism Low-flow: is the most common type and results from failure =~ Low-flow: Color Doppler US demonstrates the absence of

of the detumescence mechanism. Prolonged low-flow
priapism leads to a painful ischemic state, which can cause
fibrosis of the corporeal smooth muscle and cavernosal

artery thrombosis

High-flow: results from uncontrolled arterial inflow, often

through fistulas caused by genitourinary trauma

flows in the cavernous arteries or flows with low speed and
high resistances. In the follow-up of patients with low flow
priapism it is possible to evaluate the erectile function and
the appearance of fibrosis which is hyperechoic compared to
the normal echogenicity of the corpora cavernosa

High-flow: the area of laceration of the artery and of the
cavernous tissue appears hypoechoic in the context of the
cavernous tissue, that presents intense color signal on Dop-
pler. Doppler fistula sampling documents turbulent flows
with high peak velocity

Mondor disease Non-compressibility of the superficial dorsal vein of the penis Color Doppler US is an important tool in diagnosing: an

due to thrombosis

Abscess Penile inflammation extended to erectile tissues

increased calibre of the superficial dorsal vein which is
filled with echogenic material without blood flow referred to
thrombosis

Hypoechogenic areas, with no definite edges and stratified
thickness, similar to onion skin with floating echoes inside,
located in erectile bodies or between the lining bands

Fig. 11 a Low flow priapism. Transverse color-Doppler mode scan
shows the corpora cavernosa (C) with a coarsened heterogeneous
echotexture, a finding consistent with congestion without blood flow
in the substance of the corpora. b High flow priapism. Transverse
color-Doppler mode with pulse mode scan shows a right arterio-
venous cavernous fistulas (arrow) with turbulent high-flow pulse pat-

Conclusion
The US is the main imaging modality for the evaluation

of male-genital emergency pathologies. Technical advance-
ments in high-resolution real-time, color flow Doppler
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tern. ¢, d Mondor disease. Transverse (c¢) and longitudinal (d) dorsal
color-Doppler mode scan of the penis at the basis show an increased
calibre of the superficial dorsal vein (arrows; ¢, d), which is filled
with echogenic material (arrows; d) without blood flow referred to
thrombosis in leukemic patient

sonography, and CEUS have led to an increase in the clini-
cal applications of scrotal and penile sonography and make
it a fundamental tool in emergency diagnosis.
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