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ABSTRACT

Magnetic resonance imaging (MRI) of the scrotum represents a useful supplemental imag-
ing technique in the characterization of scrotal masses, particularly recommended in cases of
nondiagnostic ultrasonographic findings. An accurate characterization of the benign nature
of scrotal masses, including both intratesticular and paratesticular ones may improve patient
management and decrease the number of unnecessary radical surgical procedures. Alternative
treatment strategies, including follow-up, lesion biopsy, tumor enucleation, or organ sparing sur-
gery may be recommended. The aim of this pictorial review is to present how MRI helps in the
characterization of sonographically indeterminate scrotal masses and to emphasize the key MRI
features of benign scrotal masses.

ltrasonography (US), including conventional gray-scale and color Doppler US rep-

resents the primary examination for the assessment of scrotal masses (1-3). Howev-

er, a confident characterization of their nature is not always possible, based on the
conventional US findings alone (4-23).

Magnetic resonance imaging (MRI) of the scrotum has emerged as an important sup-
plemental diagnostic modality for the assessment of scrotal diseases (4-24). Because of
the advantages of the technique, namely the wide field of view, the simultaneous assess-
ment of testes, paratesticular spaces and spermatic cords, the absence of radiation expo-
sure and the high contrast and spatial resolution, MRI of the scrotum may provide use-
ful diagnostic data in the detection, localization, and characterization of scrotal masses
(4-24). Based on the recommendations of the Scrotal and Penile Imaging Working Group
of the European Society of Urogenital Radiology, MRI is recommended as an adjunct
diagnostic tool for the characterization of both intratesticular and paratesticular masses,
especially when sonographic findings are equivocal (24). MRl is also recommended in
the rare cases when discrimination between intratesticular and paratesticular masses
is impossible, based on the sonographic characteristics alone (24). The added informa-
tion provided by MRI may often allow a more conservative therapeutic plan to be used,
obviating the need for surgical explorations or radical orchiectomy. When sonographic
features are indeterminate, MRI has been reported to reduce healthcare costs, improving
patient management (4-24).

Recently, preliminary data on functional MRI techniques, including dynamic contrast-en-
hanced MRI (DCE-MRI) (25, 26), diffusion-weighted imaging (DWI) (27, 28), magnetization
tensor imaging (29) and diffusion tensor imaging (30) have reported useful diagnostic in-
formation in the assessment of various scrotal diseases.

The MRI protocol of the scrotum should include transverse T1-weighted images, trans-
verse and coronal T2-weighted images with thin sections, transverse diffusion-weighted
images with at least three b values (0, 400-500, and 800-1000 s/mm?) and coronal sub-
tracted DCE-MRI (24). Patients should be examined in the supine position, with the testes
elevated by means of a towel placed between the thighs and the penis raised to the anterior
abdominal wall. Patients should be placed in the MRI unit with the feet first and the use of
surface coils is recommended (24).
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¢ Ultrasonography (US), including conventional
gray-scale and color Doppler US, represents
the primary examination for the assessment of
scrotal masses. However, a confident charac-
terization of their nature is not always possible
based on the US findings alone.

* MRI of the scrotum has emerged as an im-
portant supplemental diagnostic imaging
modality in the assessment of scrotal masses,
especially recommended when sonographic
findings are indeterminate.

* Although the majority of intratesticular
masses are malignant, a possible diagnosis of
various benign intratesticular entities, includ-
ing lipoma, tubular ectasia of the rete testis,
epidermoid cyst, hematoma, segmental
testicular infarction, fibrosis and granuloma-
tous orchitis, based on imaging features may
improve patient management and decrease
the number of unnecessary radical surgical
explorations.

* MRI is helpful in characterization of sono-
graphically indeterminate scrotal masses by
showing the presence of fat, fluid, hemor-
rhage, fibrous tissue, and contrast-enhancing
elements. The technique performs well in the
morphologic assessment and tissue charac-
terization.

Normal findings

Normal testes appear as well-delineat-
ed, homogeneous structures, with T1 sig-
nal similar to that of skeletal muscles and
high T2 signal (4, 9, 12, 14, 17). The internal
architecture of the testis is nicely depicted
on T2-weighted imaging. The tunica al-
buginea is seen around the testis as a thin,
hypointense rim on both T1 and T2 pulse
sequences, better defined on T2-weighted
image (Fig. 1). Thin septa of low T2 signal are
usually seen coursing through the testicular
parenchyma toward the mediastinum testis,
which is detected as a low signal intensity
area in the posterior parts of the testis. Nor-
mal testes have high and slightly low signal
on high b value DWI and apparent diffusion
coefficient (ADC) maps, respectively, due to
the histologic complexity of normal paren-
chyma (Fig. 1d, 1e) (27, 28). Normal testicular
parenchyma enhances moderately and ho-
mogeneously (25, 26).

The epididymis is slightly heterogeneous,
with T1 signal similar to that of testis. It has
lower signal intensity compared with that
of the adjacent testicular parenchyma on
T2-weighted imaging (Fig. 1c). The scrotal
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Figure 1. a-e. Normal MRI findings in a
21-year-old man. Axial T1-weighted image (a)
shows testes mainly isointense to the muscles.
T2-weighted image in axial (b) and coronal (c)
orientation depicts hyperintensity of normal
testicular parenchyma. Thin, hypointense

septa are seen traversing normal testes. The
tunica albuginea is clearly depicted as a thin,
hypointense halo surrounding the testes. Parts
of the epididymis (arrows) are demonstrated
bilaterally, slightly heterogeneous, mainly of
low signal intensity. Small bilateral hydrocele is
also seen, as a normal finding. Axial DWI (b=900
s/mm?) image (d) and the corresponding ADC
map (e) show normal testes as hyperintense
and slightly hypointense, respectively. The ADC
(x10% mm?/s) of the right and left testis is 0.91
and 0.86, respectively.

wall is typically of low signal intensity on
both pulse sequences. The spermatic cords
are detected mainly hyperintense, due of
the presence of fat, with hypointense ves-
sels coursing through them, better depict-
ed on coronal T2-weighted imaging. A small
hydrocele, often seen, represents a normal
finding (4,9, 12,14,17).

Intratesticular masses

Although the majority of intratesticular
masses are malignant, a probable diagno-
sis of various benign intratesticular mass
lesions, including lipoma, tubular ectasia
of the rete testis (TERT), epidermoid cyst,
hematoma, segmental testicular infarction,
fibrosis and granulomatous orchitis based
on imaging findings may improve patient
management and reduce the number of
unnecessary radical surgical explorations.
Alternative treatment planning including
follow-up, lesion biopsy, tumor enucle-
ation, and testis sparing surgery may be
acceptable (4-17). MRI is mainly recom-
mended as a problem-solving modality
when sonographic findings are indetermi-
nate (4, 5, 7-17, 24). The technique might
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provide valuable diagnostic information in
the characterization of benign intratesticu-
lar masses by detecting the presence of fat,
fluid, hemorrhage, fibrous tissue, and con-
trast-enhancing elements (4-17).

There are several, albeit small series
where the use of MRI has been proved to
be superior to US in testicular mass lesion
characterization, with alterations in patient
management in 80%-90% of cases (5, 7, 8,
13). Cramer et al. (5) evaluated 200 patients
with scrotal diseases on a 1.5 T system, in-
cluding various benign scrotal entities:
17 cases of pseudotumor of the tunica al-
buginea, 56 cases of acute epididymitis/ep-
ididymoorchitis, two cases of tuberculous
(TB) epididymitis, one case of orchitis with
abscess, seven cases of testicular torsion, 11
cases of trauma, six cases of undescended
testis, one lipoma, 20 cases of hydrocele/
spermatocele, three cases of varicocele
and four cases of scars from previous sur-
gery. MRI correctly indicated the benign
nature of the disease in 20 cases, clinically
suspected of malignancy, all subsequently
confirmed by surgical biopsy (5). MRI was
used by Parenti et al. (13) as a second-line
imaging examination in 48 out of 230 pa-
tients, referred with a variety of penoscro-
tal diseases, including a small number of
benign intratesticular pathologies, namely
four cases of acute epididymoorchitis, two
cases of intratesticular cysts, one adrenal
rest tissue, three cases of torsion, four cas-
es of trauma, four cases of hydrocele and
two inguinal hernias. Although, the authors
reported difficulties in differentiating solid
benign from malignant testicular masses,
they concluded that MRI may be used as an
adjunct tool when sonographic or clinical
findings are indeterminate (13). Serra et al.
(7) in a multicenter retrospective study, in-
cluding 34 patients referred for scrotal MRI
after inconclusive clinical and US examina-
tion, reported an accuracy of 91% in lesion
characterization for MRI, higher than that
of US (29%). Benign diagnoses in this study
included those of orchitis (n=11), testicular
infarct (n=6), rupture (n=3), torsion (n=2),
post-radiation fibrosis (n=1), acute epididy-
mitis (n=2), and epididymal abscess (n=2).
Although the prevalence of inconclusive
clinical and US examinations in this study
was 1.4%, MRI improved the therapeutic
decision of the general urologist in 19 cas-
es, obviating surgery in nine patients and
the management decision of the urologic
oncologist in 17 cases, avoiding radical sur-
gical explorations in seven patients (7). The

authors concluded that MRI improves pa-
tient management, decreases the number
of unnecessary surgical explorations and
results in net cost savings (7).

In another study (8), including 26 out of
622 (5%) patients referred for MRI of the
scrotum following inconclusive sonographic
findings or a discrepancy between the clini-
cal and US findings, MRI provided additional
and correct diagnostic information in 23 cas-
es (82.1%), when compared with sonogra-
phy. Specifically, MRl yielded supplementary
information in all trauma cases, including
intratesticular hematoma and in all pseudo-
tumoral lesions, including TERT, testicular fi-
brosis, and chronic inflammation (8).

DCE-MRI has been reported useful in
the characterization of scrotal mass lesions
(25, 26). Watanabe et al. (25) in a study of
42 patients with various scrotal diseas-
es, assessed the degree of enhancement
(peak height) and the rate of enhancement
(mean slope) for eight minutes after an in-
travenous bolus administration of contrast
medium. The authors concluded that the
relative percentages of peak height and
mean slope based on time-signal intensi-
ty curves may be used to differentiate tu-
mors from benign scrotal diseases (25). This
study included 18 benign testicular diseas-

es, namely seven cases of testicular torsion,
three cases of testicular infarction, two
cases of traumatic hemorrhagic necrosis,
two epidermoid cysts, two cases of acute
mumps orchitis and three undescended
testes. Nineteen benign extratesticular dis-
orders were assessed in the same report,
including six cases of acute epididymitis, six
cases of appendiceal torsion, six epididymal
cysts, and one case of varicocele (25). The
preliminary data of a retrospective review
of 44 men with various testicular diseases
(26) described three types of contrast ma-
terial enhancement, based on the shape
of the time-signal intensity curves: type |,
a progressive, linear increase of contrast
enhancement during the examination, cor-
responding to the enhancement patterns
of normal testicular parenchyma; type I,
an early strong enhancement, followed by
either a plateau or a slight further increase,
detected in benign intratesticular lesions,
namely acute epididymoorchitis (n=4) and
postbiopsy changes (n=1); and, type lll, a
vigorous early enhancement, followed by
gradual washout of the contrast material,
detected in testicular malignancies (Fig. 2)
(26). In the same study, three intratesticular
lesions, including hematoma, epidermoid
cyst, and testicular hemorrhagic necrosis

Signal intensity

-
-

Time

Figure 2. Schematic drawing shows time-signal intensity curve types. Type | shows the progressive,
linear increase of contrast enhancement of normal testicular parenchyma. Type Il demonstrates

an early, strong enhancement, followed by either a plateau or a slight further increase, detected in
benign intratesticular lesions, whereas the type Ill corresponds to a vigorous, early enhancement,
followed by gradual washout of the contrast material, detected in testicular malignancies.
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showed absence of enhancement (26). The
authors reported that the relative percent-
ages of maximum time to peak may be
used as a discriminating factor in character-
izing testicular mass lesions (26).

DWI with measurement of ADC rep-
resents another useful, additional di-
agnostic tool in the characterization of
intratesticular masses (27, 28). In a ret-
rospective study of 23 testicular lesions
(27), an accuracy of 91%, 87%, and 100%
was reported for conventional MRI alone,
DWI alone and DWI combined with con-
ventional sequences, respectively, in le-
sion characterization. The diagnoses of
benign intratesticular diseases in this
report included four cases of acute epi-
didymoorchitis, one case of postbiopsy
changes, one intratesticular hematoma
and three cases of TERT (27). The ADC of
testicular malignancies has been reported
lower than that of normal testis and vari-
ous benign intratesticular lesions (27, 28).
Algebally et al. (28) reported a sensitivity
of 93.3%, specificity of 90%, positive pre-
dictive value of 87.5%, and negative pre-
dictive value of 94.7% for a cutoff ADC of
less than 0.99 in the characterization of
testicular lesions. This study assessed 20
benign testicular entities, including sev-
en cases of epididymoorchitis, four cases
of post-traumatic/postinfective changes,
three testicular cysts, three cases of TERT
and three testicular granulomas (28).

The preliminary data of a prospective
study reported the efficacy of magnetiza-
tion tensor imaging in differentiating vari-
ous intratesticular lesions (29). The magneti-
zation transfer ratio of testicular carcinomas

was reported higher compared to that
of benign testicular diseases, all cases of
acute epididymoorchitis in this report (29).
Recently, a preliminary study, including 10
cases of acute epididymoorchitis and one
patient with segmental testicular infarction
reported diffusion tensor imaging as an ad-
junct tool in differentiation from testicular
germ cell neoplasms (30).

T1-weighted imaging, T2-weighted im-
aging, DWI, and subtracted DCE-MRI should
be included in the MRI protocol when char-
acterizing intratesticular masses (24).

Sonographically
indeterminate intratesticular
masses where MRI helps in
characterization

Intratesticular fat
Lipoma

Intratesticular lipomas are uncommon,
benign fat-containing tumors (14, 15). As
it is characteristic with most fatty lesions,
lipomas are often homogeneously hypere-
choic on sonography, but this finding is nei-
ther sensitive nor specific (31). MRI findings
are usually diagnostic, as lipomas have the
signal intensity characteristics of fat on con-
ventional images, with absence of enhance-
ment (14) and are sufficient to obviate radi-
cal surgical procedures.

Lipomatosis

Testicular lipomatosis is a rare, newly re-
ported entity seen in patients with Cowden
disease, in which collections of fat cells are
present within the testes (14, 32). MRl may
confirm the diagnosis of this benign entity

by showing multiple hyperintense intrates-
ticular foci on T1-weighted imaging, in a pa-
tient with known Cowden disease (14, 32).

Cystic lesions

Testicular cyst

Simple testicular cysts are often impal-
pable and therefore incidentally detected.
They are usually involving the area of the
mediastinum testis and may be associated
with TERT (9, 12). Sonographic diagnosis is
typically straightforward. No treatment is
required in cases of simple cysts (33). Rare-
ly, differential diagnosis from cystic testic-
ular neoplasms, such as cystic teratomas
may be needed when testicular cyst shows
features of complexity on US. MRl is helpful
in these cases by showing absence of solid
components and lack of contrast enhance-
ment (9, 12).

Tubular ectasia of rete testis

TERT is a benign condition, probably
due to partial or complete obstruction of
the efferent ducts (9, 12, 33, 34). It is usu-
ally bilateral, although asymmetrical and
almost always associated with spermato-
cele.The US findings of TERT are often spe-
cific and should obviate unnecessary sur-
gery or biopsy (33, 34). The need for MRl is
rare in daily practice (34). However, it may
be used to confirm the diagnosis and dif-
ferentiate this entity from cystic malignant
testicular tumors. Typical diagnostic crite-
ria include the presence of tubular cystic
structures, sometimes with branching

pattern, characteristic location in the me-
diastinum testis and absence of contrast
enhancement (Fig. 3) (9, 12, 34).

Figure 3. a-c. A 58-year old man with bilateral TERT. T2-weighted images in coronal (a) and sagittal (b) orientation, and coronal contrast-enhanced T1-
weighted image (c) show multicystic intratesticular lesions (arrowheads), within the mediastinum (larger on the right side). The lesions are hyperintense
and hypointense on T2- and T1-weighted images, respectively and do not enhance after gadolinium administration. A large right spermatocele (arrow)
and a moderate ipsilateral hydrocele are also depicted.
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Benign solid tumors
Epidermoid cyst

Epidermoid cyst is the most common
benign intratesticular neoplasm, account-
ing for approximately 1%-2% of all resect-
ed testicular masses (35, 36). The ability of
preoperative imaging modalities to sug-
gest the diagnosis of an epidermoid cyst
may prompt lesion enucleation or a testis
sparing surgery, instead of an orchiectomy
(9, 10, 12, 17, 35, 36). Although conven-
tional US often shows highly suggestive
findings, it may not be always diagnostic.
In these cases, an onion skin appearance
with alternating hyperintense and hy-
pointense bands, a target appearance with
a hypointense center, a hyperintense mid
zone and a peripheral hypointense rim and
absence of contrast enhancement on MRI
(Fig. 4), might strengthen the preoperative
diagnosis and guide the urologists to per-
form an organ sparing surgery (9, 10, 12,17,
35, 36).

Leydig’s cell hyperplasia
Testicular Leydig's cell hyperplasia (LCH)
is an uncommon benign entity, charac-

terized by an increased number of Leydig
cells and detected as small, multifocal, and
often bilateral testicular nodules. Typically,
these lesions are not palpable and are dis-
covered incidentally (37, 38). Primary and
secondary forms of this entity are recog-
nized. In the primary form seen in children,
LCH may present with precocious puberty.
The secondary form usually seen in adults
is often idiopathic. Identifiable causes of
LCH include cryptorchidism, congenital
adrenal hyperplasia, Klinefelter syndrome,
production of human chorionic gonadotro-
pin (hCG) by germ cell tumors, exogenous
hCG administration, diseases of the pitu-
itary gland, and antiandrogen therapy for
prostatic carcinoma. LCH also has been as-
sociated with cachexia and chronic diseas-
es, including TB, syphilis, pernicious anemia
and alcoholism, as well as local diseases,
including chronic spermatic cord compres-
sion, chronic diseases of the urinary bladder
and/or the prostate and strictures of the vas
deferens (37, 38). The clinical presentation
of the secondary form may include signs of
adult feminization, as painful gynecomastia
and decreased libido, scrotal pain, swelling

Figure 4. a—e. Epidermoid cyst of the right

testis. Power Doppler sonographic image (a)

of the right testis in sagittal orientation depicts
heterogeneous, mainly hypoechoic intratesticular
mass, with absence of internal vascularity.
Transverse T1-weighted image (b), T2-weighted
image (c), ADC map (d) and fat-suppressed
contrast-enhanced T1-weighted image (e)

show inhomogeneous right intratesticular mass
(arrowhead). The lesion is slightly hypointense
and hyperintense on T1- and T2-weighted images,
respectively, when compared to normal testicular
parenchyma and is surrounded by a low signal
intensity rim, best seen on T2-weighted images.
Restricted diffusion within the mass is attributed
to the presence of dense keratinous material.
Peripheral lesion enhancement is seen after
gadolinium administration.

or infertility. Serum follicle-stimulating hor-
mone levels may be slightly increased and
testosterone levels may be elevated or de-
creased (38).

On MRI, multiple, bilateral intratesticular
mass lesions are detected, ranging in size
from 1 to 6 mm, hypointense on T2-weight-
ed imaging, with mild contrast enhance-
ment (Fig. 5) (9, 37). Compared with US,
MRI may definitively identify many more
lesions and also confirm bilaterality (9, 37).
The presence of multiple, small bilateral tes-
ticular lesions on imaging studies that are
clinically nonpalpable should strongly sug-
gest the diagnosis of LCH. If clinical history
and laboratory data reveal a cause for LCH,
medical treatment may be feasible, avoid-
ing unnecessary surgical interventions (37).

Testicular adrenal rest tumors

Testicular adrenal rest tumors often
develop in men with congenital adrenal
hyperplasia due to overstimulation of ab-
errant adrenal cells within the testes or
rarely in men with Cushing syndrome (9,
39, 40). These tumors are benign and typ-
ically multiple, bilateral, and eccentrically
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located. The correct characterization of
this benign entity is significant because
the appropriate medical treatment may be
planned. US is considered the examination
of choice for the detection and follow-up

Left tefis

of testicular adrenal rest tumors (9, 39, 40).
Lesion shrinkage after therapy supports
the diagnosis. If the lesions are unrespon-
sive to therapy, testis sparing surgery may
be indicated. In these cases, MRI is recom-

Figure 5. a-d. LCH in a 34-year-old man referred with mild, intermittent testicular pain, no palpable
mass and negative serum tumoral markers. Sagittal US image (a) of the left testis reveals sub-
centimeter-sized hypoechoic intratesticular nodules (arrows). Sagittal color Doppler US image (b) of
the right testis shows multiple hypoechoic lesions (yellow arrows) of few mm in diameter, some with
vascularity (white arrow). Axial T2-weighted image (c) depicts hypointensity of the testicular nodule
(arrow). Sagittal contrast-enhanced T1-weighted image (d) shows lesion enhancement (arrows).

mended. Compared with US, MRI provides
more accurate information regarding size
and lesion margins, providing therefore
an accurate mapping of the extent of the
disease, prior to surgery. The location in
the mediastinum testis and bilaterality are
helpful findings to distinguish between
adrenal rest tumors and other entities. At
MRI, they are hypointense on T2-weighted
imaging, often enhancing after gadolinium
administration (Fig. 6) (9, 39, 40).

Vascular pathologies
Intratesticular hematoma

Intratesticular hemorrhage or hemato-
mas are usually seen in patients with scrotal
trauma. The US appearance may be variable
and depends on the age of hematoma, often
simulating malignancy. When prompt diag-
nosis is needed, MRI is recommended. On
MRI, subacute blood appears hyperintense
onT1-weighted imaging, with variable signal
on T2-weighted imaging. Old hematomas
may have a hypointense rim on T2-weighted
image due to hemosiderin deposition. Ab-
sence of contrast enhancement confirms the
benign nature in these cases (Fig. 7).

Segmental testicular infarction

Segmental testicular infarction is a rare
testicular disorder, often seen in patients
with predisposing factors for small vessel
ischemic disease, such as vasculitis, sickle
cell disease, and hypercoagulable states. It
also represents a rare complication of acute
epididymoorchitis, trauma, and inguinal her-
nia surgical repair (12, 41, 42). Color Doppler
US is often diagnostic, showing an avascular,
wedge-shaped mass lesion. A more rounded
and less well-defined lesion may be confused
with an intratesticular tumor (4, 12, 42). MRI

Figure 6. a-c. Testicular adrenal rest tumors in a young man with congenital adrenal hyperplasia. Transverse sonographic image (a) including both testes
demonstrates small, bilateral, mainly hypoechoic intratesticular mass lesions (arrowheads). T2-weighted images in transverse (b) and coronal (c) planes
show multiple, bilateral intratesticular masses of low signal intensity (arrowheads).
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is excellent for establishing the diagnosis, by
showing an avascular, triangular-shaped le-
sion, with the vertex directed toward the rete
testis, mainly of low T2 signal, and a marked-
ly enhanced halo surrounding the avascu-
lar area (Fig. 8). Some segmental testicular

infarctions may become hemorrhagic, with
hyperintense foci on T1-weighted imaging
(12, 41, 42). These characteristics, combined
with negative serum tumoral markers and
follow-up, may allow a confident diagnosis,
thus avoiding radical surgical interventions.

Figure 7. a-d. Left traumatic intratesticular hematoma in a 54-year-old man. Transverse T2-weighted
image (a) depicts slightly hyperintense left testicular lesion (arrow), surrounded by a low signal
intensity rim. The mass (arrow) appears hyperintense on both T1-weighted (b) and fat-suppressed
T1-weighted (c) images. Absence of contrast enhancement on fat-saturated contrast-enhanced T1-
weighted image (d) confirms benign nature of the lesion (arrow).

Testicular fibrosis

Testicular fibrosis may be seen as sequel-
ae of trauma, inflammation, incomplete tes-
ticular torsion, post-radiation therapy, or bi-
opsy. US findings are often inconclusive and
mimic malignancy. MRl may suggest the
benign nature of this condition, by showing
an intratesticular mass with low T1 and very
low T2 signal and absence of contrast en-
hancement (Fig. 9) (7, 8, 17), and therefore
prevent unnecessary explorations.

Inflammatory conditions
Granulomatous orchitis

Granulomatous orchitis may mimic neo-
plasia both on clinical and US examination.
Multiple pathogens can cause granuloma-
tous orchitis, including TB, brucellosis, lep-
rosy, syphilis, fungi, and parasites (12, 14).

The incidence of TB has increased world-
wide, with an increase in extrapulmonary
manifestations (43). The genitourinary tract
represents the commonest site of extrapul-
monary TB, affecting the kidneys, ureters,
urinary bladder, epididymis, and testis. MRI
findings, although nonspecific, include the
presence of intratesticular lesions of high T1
and low T2 signal, strongly enhancing after
contrast medium administration (Fig. 10)
(43). The coexistence of scrotal calcifications,
sinus tracts, poor response to conventional
antibiotics, findings of pulmonary and ex-
trapulmonary TB manifestations may strong-
ly suggest the diagnosis of TB orchitis.

Isolated granulomatous orchitis

Isolated granulomatous orchitis is an un-
common inflammatory condition of the tes-
tis, with unknown etiology. Possible caus-
ative factors include trauma, autoimmune
disease, vascular insufficiency, reaction to

Figure 8. a-c. MRI findings suggestive for the diagnosis of segmental testicular infarction. Sagittal grayscale sonographic image (a) depicts an ill-defined,
hypoechoic intratesticular mass lesion. Sagittal T2-weighted (b) and contrast-enhanced T1-weighted (c) images show triangular lesion shape and absence

of contrast enhancement (long arrow).
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Figure 9. a-e. Bilateral testicular fibrosis.
Transverse sonographic image (a) including
both testes demonstrates bilateral hypoechoic
intratesticular masses, with ill-defined margins
(arrowheads). Transverse T1-weighted (b), T2-
weighted (c), contrast-enhanced T1-weighted
(d) images and ADC map (e). The lesions have
very low signal intensity on both T1-weighted
and T2-weighted images and do not enhance
after gadolinium administration, findings
suggestive for the presence of fibrous tissue.
Restricted diffusion within the masses is also
related to the presence of fibrous component.

Figure 10. a—c. Bilateral TB epididymo-orchitis in a 70-year-old man. Sagittal T2-weighted image (a) depicts testicular enlargement and multiple, nodular,
mainly hypointense mass lesions, involving both the testis and the head of the epididymis. On transverse T1-weighted (b) and contrast-enhanced T1-
weighted (c) images, lesions have signal intensity slightly higher than that of normal testis and enhance strongly and heterogeneously.

extravasated sperm and urinary tract infec-
tions with retrograde spread through the
vas deferens (44, 45). This benign entity is
often confirmed after radical orchiectomy,
since characterization based on clinical and
conventional US findings is not possible
(44, 45). Pekindil et al. (45) in a report of a
60-year-old man with synchronous bilateral
granulomatous orchitis, histologically con-
firmed after bilateral orchiectomy, conclud-

ed that the presence of diffuse hypoechoic
testis infiltration, with peripheral low-resis-
tance flow on color Doppler US should sug-
gest the diagnosis of this disease (45). Al-
though it is also difficult to characterize this
entity on MRI, absence of contrast enhance-
ment represents a sensitive feature for pre-
dicting the benign nature of intratesticular
masses (9,46), including isolated granulo-
matous orchitis (44).
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Sarcoidosis

Sarcoidosis rarely involves the genitouri-
nary tract, affecting more commonly the
epididymis than the testis. Testicular sar-
coidosis is more frequent in African-Amer-
ican men, compared with other racial
groups. Testicular lesions are more often
multiple and bilateral (9, 12, 14). Differenti-
ation from malignant tumors may be diffi-
cult based on imaging findings. At MR, the
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lesions are hypointense on T2-weighted im-
aging, with contrast enhancement. Sarcoid-
osis should be considered in the differential
diagnosis of a testicular mass detected in an
African-American patient (9, 12, 14).

Table 1 summarizes benign intratesticular
masses for which MRl is helpful in diagnosis.

Paratesticular masses

The majority of paratesticular masses are
benign epididymal lesions such as cysts or
spermatoceles, fluid collections such as hy-
droceles and pyoceles, inflammatory condi-
tions, and hernias (22). Primary solid parates-
ticular tumors are not common, although the
incidence on US studies varies from 3%-15%
(22, 23). The most common benign parates-
ticular neoplasms are lipomas, adenomatoid
tumors, and leiomyomas. Other uncommon
histologic subtypes are papillary cystadeno-

Figure 11. Adenomatoid tumor arising from
the tail of the left epididymis. Coronal contrast-
enhanced T1-weighted image depicts a small,
sharply demarcated left paratesticular mass
(arrow). The lesion enhances less than the
normal testes. A small amount of hydrocele
(arrowhead) is detected ipsilaterally.

mas, fibromas, hemangiomas, and neurofi-
bromas (22). An accurate characterization of
their benign nature may obviate unnecessary
radical surgical procedures. Alternative treat-
ments, including lesion excision, biopsy or
follow-up may be recommended.

US findings of many solid paratesticular
masses are indeterminate, precluding an
accurate diagnosis in most cases (22, 23).
Conventional MRI features may represent
a useful supplemental diagnostic tool in
the pretreatment work-up of paratesticular
masses (5, 11,12, 14, 18, 22, 23, 47-52).

There are limited data regarding the DWI
characteristics of paratesticular mass le-
sions (27, 28, 50). In a retrospective review
of eight benign paratesticular masses (27),
including five cases of acute epididymitis,
two spermatoceles and one adenomatoid
tumor of the tunica albuginea, the ADC
was reported higher compared with that of
the normal epididymis. These results were
not confirmed by Algebally et al. (28). The
authors reported no significant differences
between the ADC of 15 benign paratestic-
ular lesions (including three cases of acute
epididymitis, two cases of chronic gran-
ulomatous epididymitis, two epididymal
hematomas, two spermatoceles, two cases
of fibrous pseudotumor of the epididymis,
and four cases of adenomatoid tumors of
the epididymis and the testicular tunica)
and that of the normal epididymis (28).

The MRI protocol for investigating parat-
esticular masses should include T1-weight-
ed imaging, T2-weighted imaging in three
planes, DWI, and subtracted DCE-MRI (24).

Sonographically indeterminate paratesticular
masses where MRl is useful
Lipoma

Lipomas are the commonest paratesticu-
lar neoplasms, mostly originating from the

Figure 12. a, b. Bilateral paratesticular leiomyomas in a 60-year-old man, confirmed pathologically
after tumor enucleation. Sagittal T2-weighted (a) and contrast-enhanced T1-weighted (b) images
depict bilateral paratesticular masses (long arrows). The lesions are well-delineated, hypointense on
T2-weighted image, with mild, delayed contrast enhancement.

spermatic cord (11, 12, 14, 22, 23). Their hy-
perechoic appearance on US is neither sensi-
tive nor specific. Other paratesticular lesions,
including hernias and sarcomas may be
echogenic. An atypical lipoma may appear
hypoechoic. MRI is helpful for confirming
the diagnosis and guiding surgeon to lesion
enucleation when required, rather that rad-
ical surgery. The tumor is detected with fat
signal intensity on all sequences, including
fat-saturated images and absence of con-
trast enhancement (11, 12, 14, 22, 23,47, 48).

Adenomatoid tumor

Adenomatoid tumors represent the
most common tumors of the epididymis,
although they may arise from the testicular
tunica, the testis, and the spermatic cord
(11, 12, 14, 18, 22, 23, 47-49, 52, 53). MRI
is helpful in confirming the paratesticular
origin of this lesion and in discriminating
adenomatoid tumor from an intratesticular
mass lesion located in the periphery of the
testicular parenchyma (12, 14, 18, 24). The
detection of a hypointense rim between
the mass and the adjacent testis, corre-
sponding to the tunica albuginea, helps to
show the origin of the tumor.

US findings are often nondiagnostic in
characterizing the nature of this neoplasm.
On MRI, the tumor often appears hypointense
on T2-weighted imaging, enhancing after
gadolinium administration (Fig. 11). Howev-
er, these features are also nonspecific. Tumor-
al slow or decreased contrast enhancement
compared with normal testis may indicate
the benign nature of this neoplasm, and may
allow conservative management (12, 18).

Leiomyoma

Leiomyoma represents the second most
common tumor of the epididymis (22, 47).
The neoplasm has variable US findings. No
adequate data on the MRI appearance of
this tumor (Fig. 12) exist in the literature.

Fibrous pseudotumor

Fibrous pseudotumor is the third most
common paratesticular mass, after lipoma
and adenomatoid tumor. It is not a true
neoplasm but represents a benign reactive
fibrous proliferation resulting from one or
several paratesticular elements, more often
from the tunica vaginalis (12, 14, 22, 23, 47,
48, 54, 55). These lesions may mimic a neo-
plasm both on physical and US examina-
tion. MRl is highly specific in characterizing
the benign nature of this tumor. At MRI, the
lesion demonstrates uniformly low T1 and
very low T2 signal, respectively, with slow
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Table 1. Sonographically indeterminate intratesticular masses for which MRI helps in characterization

Intratesticular masses

Is MRI necessary?

MRI appearance

Intratesticular fat
« Lipoma
Cystic lesions

- Simple cyst

- Tubular ectasia of rete testes

Benign solid tumors

- Epidermoid cyst

- Leydig’s cells hyperplasia

« Adrenal rest tumors

Vascular pathologies

« Hematoma

- Segmental testicular infarction

« Fibrosis

Inflammatory conditions

« Granulomatous orchitis

- Isolated granulomatous orchitis

- Sarcoidosis

Recommended. It provides a definite diagnosis

Not routinely recommended. Rarely, MRI may be
used to differentiate complex intratesticular cysts
from cystic testicular tumors. It is strongly suggestive
of the diagnosis

Not routinely recommended. Rarely, MRI may
be used to differentiate from cystic malignant
neoplasms. It provides a definite diagnosis

Recommended in cases of indeterminate
sonographic findings. It is strongly suggestive of the
diagnosis

MRI detects more lesions than US and confirms
bilaterality. It is strongly suggestive of the diagnosis

Recommended in candidates for partial orchiectomy.

It is more accurate than US regarding number, size
and lesion margins. It is strongly suggestive of the
diagnosis

Recommended. It is strongly suggestive of the
diagnosis

In cases of indeterminate conventional US findings
(nodular mass, ill-defined margins). It is strongly
suggestive of the diagnosis

Recommended. It is strongly suggestive of the
diagnosis

May mimic neoplasia on US. It is difficult to
characterize on MRI

Often resembles malignancy on US. It is difficult to
characterize on MRI

Presence of intratesticular mass in an
African-American man may suggest the diagnosis

Signal characteristics of fat, absence of enhancement

Absence of solid components and enhancement

Multiple, tubular cystic structures in the mediastinum
testis, signal characteristics of fluid on all pulse
sequences, no internal enhancement

Sharply-demarcated, surrounded by a hypointense
rim on T2WI, onion skin or target appearance,
absence of enhancement

Multiple, bilateral intratesticular lesions, 1-6 mm in
diameter, low T2 signal, mild enhancement

Multiple, bilateral eccentrically located lesions, low T2
signal, contrast enhancement

Hyperintense on T1WI (subacute hematoma),
surrounded by hypointense rim on T2WI (chronic
hematoma), no enhancement

Triangular morphology, vertex directed toward rete
testis, low T2 signal, avascular mass with intensely
enhancing rim. May show hemorrhagic, hyperintense
foci on T1WI

Very low T2 signal, no enhancement

TB orchitis: high T1 and low T2 signal, strong
enhancement, appropriate clinical setting

Absence of contrast enhancement suggests benign
nature

Low T2 signal, contrast enhancement

MRI, magnetic resonance imaging; US, ultrasonography; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; TB, tuberculosis.

but persistent contrast enhancement due
to the presence of fibrosis (Fig. 13) (12, 14,
22, 23, 47, 48, 54, 55). Accurate characteri-
zation of this entity may allow a more con-
servative scrotal exploration rather than a
radical orchiectomy.

Congenital anomalies
Polyorchidism is a very rare developmental
anomaly (14, 22, 23, 56, 57). Although pres-

ence of three testes is the most common
form, as many as five have been reported
(22). The supernumerary testes are intrascro-
tal in approximately 75% of cases, inguinal in
20% and retroperitoneal in 5% of cases. Usu-
ally the diagnosis is based on US findings.
MRI may be used if US findings are in-
conclusive (14, 22, 23, 56, 57). MRI depicts
a round or oval structure, with signal char-
acteristics typical of testicular tissue. The
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detection of a hypointense rim surround-
ing the extra-testis, corresponding to the
tunica albuginea is an ancillary finding,
confirming the diagnosis. Sometimes, the
mediastinum testis, supernumerary epidid-
ymis and bridging vessels between the nor-
mal testis and the supernumerary testis also
may be recognized. (14). The management
of these men is generally conservative, in-
cluding close follow-up imaging, due to the
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Table 2. Sonographically indeterminate paratesticular masses for which MRI helps in characterization

Paratesticular masses Is MRI necessary?

MRI appearance

+ Lipoma

« Adenomatoid tumor

Recommended. It provides a definite diagnosis

It can differentiate adenomatoid tumor from peripherally located
intratesticular mass. It provides accurate lesion localization. But,

MRI findings are nonspecific

» Leiomyoma

It can differentiate tumor from peripherally located

intratesticular mass. It provides accurate lesion localization

« Fibrous pseudotumor

Congenital anomalies

- Polyorchidism
diagnosis

Recommended. It is strongly suggestive of the diagnosis

In cases of indeterminate US findings, it provides a definite

No data exist

Signal characteristics of fat, absence of enhancement

Low T2 signal, contrast enhancement (may be slow and
decreased)

Very low T2 signal, slow, persistent contrast

enhancement

Round or oval structure, signal characteristics similar to

normal testis, surrounded by hypointense rim (tunica
albuginea). Infrequently also detected: mediastinum
testis, bridging vessels, supernumerary epididymis

MRI, magnetic resonance imaging; US, ultrasonography.

Figure 13. a, b. Fibrous pseudotumor. Color Doppler US image (a) shows a hypoechoic right
paratesticular mass, without detectable vascularity. Coronal T2-weighted image (b) depicts
paratesticular mass lesion (arrowhead), with very low signal intensity, suggestive for the presence of
fibrous tissue.

slightly increased risk of malignancy for the
accessory testis. However, in cases of crypt-
orchidism, torsion, or neoplasia, surgery is
indicated (14, 22, 23, 56, 57).

Table 2 summarizes sonographically
indeterminate paratesticular masses for
which MRI helps in diagnosis.

Conclusion

Imaging has a central role in the assess-
ment of scrotal masses. Although US rep-
resents the examination of choice, it does
not always provide an accurate characteri-
zation of the nature of scrotal mass lesions.
Benign scrotal masses, including both in-
tratesticular and paratesticular ones are not
common. However, a pretreatment diagno-
sis of their benign nature based on imaging
findings may obviate unnecessary radical
orchiectomy, improving patient manage-

ment. MRI of the scrotum represents a useful
complimentary imaging technique, which
may provide important information in the
characterization of the histologic nature
of various sonographically indeterminate
scrotal masses. The technique performs well
in the morphologic assessment and tissue
characterization. A preoperative diagnosis
of benign nature based on imaging findings
could probably save some testes.
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