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Purpose:

Materials and
Methods:

Results:

Conclusion:

To evaluate the diagnostic accuracy of multiparametric
ultrasonography (US) consisting of gray-scale US, color
Doppler US, strain elastography, and contrast agent—en-
hanced US in the assessment of intratesticular lesions.

Institutional review board approval was obtained for this
retrospective study. From January 2012 to December
2015, 55 focal testicular lesions that were indeterminate
on gray-scale US scans were further characterized with
color Doppler US, strain elastography, and contrast-en-
hanced US. Strain elastography was performed to assess
tissue elasticity, and hard lesions were defined as malig-
nant. Color Doppler US and contrast-enhanced US were
performed to determine the absence or presence of vas-
cularization. Avascular lesions were defined as benign.
Histopathologic results or follow-up examinations served
as reference standards. Correct classification rate, sensi-
tivity, specificity, and likelihood ratio were calculated.

Of 55 testicular lesions, 43 (78.2%) were benign and 12
(21.8%) were malignant. Single-modality sensitivities and
specificities were 66.7% and 88.4% for color Doppler US,
100% and 76.7% for contrast-enhanced US, and 100%
and 72.1% for strain elastography, respectively. Among
12 malignant lesions, color Doppler US failed to demon-
strate vascularization in four (33.3%) lesions, which were
positive for cancer at contrast-enhanced US. By combin-
ing strain elastography and contrast-enhanced US, a sen-
sitivity of 100% and specificity of 93.0% were achieved
in differentiating benign and malignant focal testicular le-
sions. Positive likelihood ratio was 5.7 for color Doppler
US, 4.3 for contrast-enhanced US, 3.6 for strain elastog-
raphy, 14.3 for strain elastography combined with color
Doppler US, and 14.3 for strain elastography combined
with contrast-enhanced US.

Multiparametric US allows for a reliable differentiation of
benign and malignant intratesticular lesions and can po-
tentially be useful in deciding whether orchiectomy can
be replaced with follow-up or less invasive organ-sparing
strategies.

©RSNA, 2017
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ecause of the availability, ease of

use, and high resolution of ultra-

sonography (US), it is the imaging
modality of choice for testicular pathol-
ogies and characterization of intratesticu-
lar lesions (1). Gray-scale US is widely
used and shows high sensitivity regarding
the detection, localization, and sizing of
testicular lesions, but it shows low spec-
ificity in differentiating benign from ma-
lignant intratesticular lesions (2,3). This
can lead to unnecessary orchiectomy in
the case of benign intratesticular lesions.
Therefore, a more accurate character-
ization of intratesticular lesions is desir-
able to help decide whether less invasive
testis-sparing surgery and follow-up or

Advances in Knowledge

B Multiparametric US consisting of
gray-scale US, color Doppler US,
strain elastography, and contrast-
enhanced US can potentially
improve the assessment of testic-
ular lesions; multiparametric US
allowed a correct classification of
12 malignant tumors and 43
benign lesions in 55 patients.

B Because all 33 lesions that were
avascular at contrast-enhanced
US were benign, a lack of signal
at contrast-enhanced US can be
interpreted as strong evidence
for benignity.

B Strain elastography alone had a
high sensitivity because all 12
malignant lesions were hard at
strain elastography, though speci-
ficity was only moderate.

® Contrast-enhanced US was espe-
cially useful in focal testicular
lesions, which appeared hard
and therefore suspicious at strain
elastography; nine hard lesions
were correctly rated as benign
after avascularity was proven
with contrast-enhanced US.

® Contrast-enhanced US was more
sensitive than was color Doppler
US and could depict vascular flow
in nine focal testicular lesions
(four malignant and five benign),
which were negative at color
Doppler US.

orchiectomy are indicated. Other tech-
niques for scrotal imaging, including color
Doppler US, contrast agent-enhanced
US, and strain elastography, can increase
diagnostic accuracy in the assessment of
testicular lesions (4). Contrast-enhanced
US is also recommended in the European
Federation of Societies for Ultrasound
in Medicine and Biology guidelines for
scrotal imaging for poorly vascularized
tumors or improved characterization of
testicular infarctions (5). Whereas gray-
scale US provides only structural infor-
mation about the testicles, color Doppler
US, contrast-enhanced US, and strain
elastography reveal other information
about tissue vascularization and tissue
elasticity. Previous reports have linked
malignancy with increased vascularity
and stiffness of a lesion (6-8). Similar to
multiparametric magnetic resonance im-
aging, the simultaneous use of different
US techniques is called multiparametric
US (9-11).

Only small studies or case reports for
single entities include the combination
of strain elastography and contrast-en-
hanced US (11-14). The aim of this study
was to evaluate the diagnostic accuracy
of multiparametric US consisting of gray-
scale US, color Doppler US, strain elas-
tography, and contrast-enhanced US in
the assessment of intratesticular lesions.

Materials and Methods

Patients

Institutional review board approval was
obtained for this retrospective study
and the requirement to obtain informed
consent was waived.

Between January 2012 and December
2015, 4524 testicular US examinations in

Implications for Patient Care

B Hard and vascularized intrates-
ticular lesions are most likely
malignant, with the exception of
Leydig cell tumors as false-posi-
tive results.

B Hard but avascular lesions are
most likely benign and soft le-
sions are most likely benign inde-
pendent of their vascularization.

3085 patients were performed in the ra-
diology department for the following in-
dications: evaluation of scrotal pain; eval-
uation of palpable inguinal, intrascrotal,
or testicular masses; evaluation of scrotal
asymmetry, swelling, or enlargement;
evaluation of varicoceles; evaluation of
male infertility; follow-up of prior inde-
terminate scrotal US findings; and evalua-
tion of a disorder of sexual development.
A testicular lesion was rated as indeter-
minate if a uroradiologist detected a focal
lesion that could not clearly be rated as
either benign (simple cyst or diffuse tes-
ticular swelling in orchitis) or malignant
(large testicular lesion with mass effect).
Inclusion criteria were as follows: the as-
sessment of a focal intratesticular lesion
with multiparametric US and available
US and clinical follow-up (within the first
2-3 days, then weekly up to 6 weeks and
after 3 months) or histopathologic diag-
nosis as reference standards. Fifty-nine
patients with an indeterminate focal in-
tratesticular lesion underwent multipa-
rametric US. All patients were first seen
by an urologist and were then referred
to the radiology department for differen-
tiation of scrotal pathologies, especially
malignant lesions versus benign lesions
such as inflammation or infarction. The
uroradiologist (F.A., with more than 10
years of experience in testicular US and
more than 8 years of experience in both
elastography and contrast-en-
hanced US) who performed the multipa-
rametric US had a referral diagnosis, but

strain
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4524 testicular US
in 3085 patients for
various indications

Patients (n=59) with
indeterminate focal
testicular lesions
(all with mpUS)

Patients (n=55)
with indeterminate
focal testicular lesions
(n=58) and mpUS

Exclusion of 4 patients
because of insufficient
follow-ups

mpUS of indetermi-
nate focal testicular
lesions (n=55)

Exclusion of
3 bilateral lesions

I

[
| SE hard lesions (n=24) |

[ SE soft lesions (n=31) |

CDUS (n 31)

| CEUS (n=31) |

posmve (n=10) | | neganve (n=14) |

positive {n 15) | I negatlve n=9) I

posmve (n=3) | | negauve (n=28) |

posmve (n=7) | negatlve (n=24) |

Final dlagn05|s Final dlagnc>5|s Final dlagn05|s Final dlagn05|s Final dlagn05|s Final dlagnosis Final dlagn05|s Final dlagn05|s
-benign (n=2) -benign (n=10) -benign (n=3) -benign (n=9) -benign (n=3) -benign (n=28) -benign (n=7) -benign (n=24)
-malignant -malignant -malignant -malignant -malignant -malignant -malignant -malignant
(n=8) (n=4) (n=12) (n=0) (n=0) (n=0) (n=0) (n=0)

Figure 1:  Flowchart of patients through the study including multiparametric US results and final diagnoses (benign vs malignant). COUS = color Doppler US,

CEUS = contrast-enhanced US, mpUS = multiparametric US, SE = strain elastography.

did not have detailed clinical information
in the first assessment or in follow-up
examinations. US images (gray-scale
US, color Doppler US, strain elastogra-
phy, and contrast-enhanced US) were
obtained in one session by the same
uroradiologist. Figure 1 shows the flow
of patients, including the results of mul-
tiparametric US and the final diagnoses.
Patients without sufficient follow-up (n =
4) were excluded. Of the remaining 55
patients, 29 (52.7%) were initially evalu-
ated with the Logic E9 unit (GE Health-
care, Milwaukee, Wis) and 26 (47.3%)
with the HI VISION Ascendus unit (Hita-
chi, Tokyo, Japan).

Technical Equipment

All US examinations were performed
by using a Logic E9 unit with a linear
probe (ML, 6-15 MHz; GE Healthcare)
or a HI Vision Ascendus unit with a
linear probe (EUP-L74M, 5-13 MHz;
Hitachi). Each lesion was documented
in at least two axial and transverse im-
aging planes. All images and cine loops

were stored in our institution’s picture
archiving and communication system
(Impax EE; Agfa, Mortsel, Belgium).

Gray-scale US and Color Doppler US

Standardized gray-scale presets were
used. Color Doppler US was performed
with the highest signal gain setting pos-
sible without the appearance of back-
ground noise and low pulse-repetition
frequencies (0.2-0.4) to maximize sensi-
tivity to slow flow velocities. Standardized
protocols with both axial and transverse
images of the lesions were performed ac-
cording to Dogra et al (1). Gray-scale US
characteristics such as lesion size, echo-
genicity, and presence of calcifications
were documented. Furthermore, the
presence or absence of an intralesional
Doppler signal was documented. Exam-
ple images were stored if calcifications
were present.

Contrast-enhanced US

Contrast-enhanced US was performed
by using harmonic imaging with a low

mechanical index of 0.06 after intrave-
nous administration of 2.4 mL of micro-
bubble-based contrast agent (SonoVue;
Bracco, Vienna, Austria) followed by a
10-mL saline flush. Contrast enhance-
ment was observed for at least 2 mi-
nutes after contrast agent injection,
and the presence or absence of lesion
vascularity was documented in video
clips.

Strain Elastography

Strain elastography was performed
with repeated compression and decom-
pression of the testis with the trans-
ducer by using a freehand technique.
Testes were fixed on a special plastic
device (scrotum plate) to allow optimal
position for performing strain elas-
tography. The pressure applied to the
testicles was adjusted according to the
visual indicator for compression seen
on the video screen. Tissue elasticity
was calculated in real time, and stiff-
ness of testicular tissue was displayed
as a color-coded overlay on the B-mode
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image. Tissue stiffness was encoded as
red (soft), green (intermediate), and
blue (hard). For each patient’s lesion,
at least two representative images or
cine loops were captured.

Image Interpretation

Gray-scale US, color Doppler US, strain
elastography, and contrast-enhanced
US images were reviewed in consensus
by two radiologists (F.A., T.D.Z., with
more than 8 years of experience in tes-
ticular US, more than 10 years in strain
elastography, and more than 5 years
in contrast-enhanced US) in Decem-
ber 2015. For interrater analysis, all
gray-scale US, color Doppler US, strain
elastography, and contrast-enhanced
US images were separately reviewed by
an additional radiologist in August and
September 2016 (T.A., with more than
2 years of experience in testicular US,
strain elastography, and contrast-en-
hanced US). All images were analyzed
in an anonymized and randomized set-
ting. The readers were blinded to final
diagnosis and other imaging findings.
Image evaluation for each US technique
(color Doppler US, strain elastography,
contrast-enhanced US) was performed
weekly. Clinical history and histologic
results were then evaluated. Gray-scale
lesion characteristics such as lesion size,
echogenicity, and presence of calcifica-
tions or cystic areas were documented.
Lesions encoded as either red or red-
green were rated as soft. Lesions en-
coded as either blue or green-blue were
rated as hard. The presence or absence
of wvascularity at color Doppler US
and contrast-enhanced US (Figs 2, 3),
as well as the distribution of lesion
stiffness in comparison with the nor-
mal surrounding tissue (Figs 4, 5),
was noted and compared. In general,
soft lesions were thought to be benign,
whereas hard lesions were thought to
be malignant unless color Doppler US
or contrast-enhanced US showed an ab-
sence of vascularization.

Reference Standard

Twenty-four testicular lesions under-
went surgical exploration with the re-
spective histopathologic results serving
as reference standard. In 31 testicular

Figure 2

Figure 2:  Hybrid image of contrast-enhanced US and gray-scale US
in a 45-year-old man confirms intralesional vascularization (arrow) in a
focal intratesticular lesion (orchitis) (arrowheads).

lesions, sonographic follow-up in combi-
nation with clinical surveillance served
as reference standard. A follow-up was
performed with US within the first 2-3
days, then weekly up to 6 weeks and af-
ter 3 months. Negative tumor markers
with stable or diminishing lesion size
or the disappearance of the lesion after
3 months was considered to indicate
a benign nature of the lesion. Tumor
markers were determined in all patients.

Statistical Analysis

Quantitative items are reported as
mean * standard deviation (normally
distributed variables) or median and
range (nonnormally distributed vari-
ables). Interrater agreement was cal-
culated as Cohen kappa; 95% confi-
dence intervals (CIs) are also provided.
For comparisons of categorical data,
the x?> test was applied. Positive and
negative likelihood ratios were calcu-
lated as sensitivity/(1 — specificity) and
(1 — sensitivity)/specificity, respectively.
All statistical analyses were performed by
using SPSS, version 23.0 (IBM; Chicago,
Ill); P values < .05 were considered to
indicate statistical significance. For sta-
tistical reasons (including sensitivity and
specificity calculations), we used only one
lesion per patient and excluded the small-
er of the two lesions. If bilateral lesions

showed the same size, then only the le-
sion in the right testicle was included.

In 35 patients (mean age, 39.5 years =
14.9), 58 lesions were identified. In three
patients, bilateral lesions of the same eti-
ology were found. All of the bilateral le-
sions were of benign origin: one patient
had a bilateral Leydig cell tumor (lesion
size, 5 mm at both sites), one patient
had a bilateral epidermoid cyst (size, 18
mm and 8 mm), and one patient had
bilateral orchitis (lesion size, 15 mm and
10 mm). In the three patients with bilat-
eral lesions, gray-scale US, color Dop-
pler US, real-time tissue elastography,
and contrast-enhanced US findings were
the same at both sites. The mean size of
the remaining 55 lesions was 11.6 mm
+ 6.9 (range, 2.0-25.0 mm). Of 55 tes-
ticular lesions, 43 lesions (78.2%) were
benign and 12 (21.8%) were malignant.
The mean diameter was 12.5 mm * 6.5
(range, 2-25 mm) for malignant lesions
and 11.2 mm * 7.0 (range, 5-25 mm)
for benign lesions (P = .10).

There was no significant differ-
ence in age in patients with malignant
and patients with benign lesions (34.9
years * 11.3 vs 41.2 years = 15.8; P =
.11). We did not detect indeterminate
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Figure 3

C.

d.

Figure 3: Images show example of an avascular lesion in a 50-year-old man with partial testicular infarction. (a) Gray-scale US image shows hypoechoic testicular
lesion (arrows) at upper pole. (b) Strain elastography image shows soft (encoded red-green) lesion (arrowheads). (c) Color Doppler US image suggests avascular
lesion (arrows). (d) Contrast-enhanced US confirms avascularity and better depicts a sharply limited lesion (arrowheads) consistent with partial testicular infarction.

findings at color Doppler US, contrast-
enhanced US, or strain elastography or
for reference standard results in histo-
logic results.

Histologic results were available
in 24 lesions. Of these, 12 were be-
nign lesions and 12 were malignant
lesions. In 31 lesions, the final diag-
nosis of benignity was based on clini-
cal and multiparametric US follow-up
examinations.

Characteristics of all testicular le-
sions at gray-scale US, color Doppler
US, strain elastography, and contrast-
enhanced US are shown in Table 1.
Interrater agreement as assessed by

Cohen kappa was categorized as fol-
lows: 0.96, very good (95% CI: 0.88,
1.00) for color Doppler US; 0.93, very
good (95% CI: 0.82, 1.00) for strain
elastography; and 0.96, very good
(95% CI: 0.89, 1.00) for contrast-en-
hanced US. The image interpretation of
the additional reviewer (T.A.) differed
from consensus interpretation (F.A.,
T.D.Z.) in four studies. One differing
contrast-enhanced US rating resulted
in a false-negative final diagnosis of a
histologically confirmed malignant le-
sion, whereas two differing real-time
tissue elastographies and one differing
color Doppler US interpretation did not

alter the final diagnosis of three benign
lesions.

Of the 55 lesions, 38 (69.1%) le-
sions were predominantly hypoechoic
at gray-scale US and 17 (30.9%) lesions
showed mixed echogenicity. Vasculari-
zation at color Doppler US was found in
66.7% (eight of 12) of malignant lesions
and in 11.6% (five of 43) of benign le-
sions. Color Doppler US failed to iden-
tify vascularization in 33.3% (four of
12) of malignant lesions. This resulted
in a sensitivity of 66.7%, a specificity of
88.4%, a correct classification rate of
83.6%, and a positive likelihood ratio
of 5.7 (P = .0003).
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Figure 4

a.

b.

Figure 4:  Images show classic seminoma in a 41-year-old man as example of a hard testicular lesion at strain elastography. (a) Gray-scale US image shows small

hypoechoic focal testicular lesion (arrow). (b) Strain elastography image shows predominantly hard focal lesion (encoded predominantly blue) (arrow).

Figure 5

a.
Figure 5:

b.

Images show small testicular abscess in a 31-year-old man as example of a soft testicular lesion at strain elastography. (a) Gray-

scale US image shows focal testicular lesion with mixed echogenicity (arrowheads). (b) Strain elastography image shows a predominantly soft
focal lesion (encoded red-orange) (arrowheads).

Vascularization — at  contrast-en-
hanced US was found in 100% (12 of
12) of malignant lesions and in 23.3%
(10 of 43) of benign lesions. Contrast-
enhanced US demonstrated the ab-
sence of vascularization in 76.7% (33
of 43) of benign lesions. This resulted
in a sensitivity of 100%, a specificity of
76.7%, a correct classification rate of
81.8%, and a positive likelihood ratio of
4.3 (P < .0001).

Increased tissue stiffness at strain
elastography was found in 100% (12 of

12) of malignant lesions and in 27.9%
(12 of 43) of benign lesions. This re-
sulted in a sensitivity of 100%, a spec-
ificity of 72.1%, a correct classification
rate of 78.2%, and a positive likelihood
ratio of 3.6 (P < .0001).

The results of the combination
of strain elastography with contrast-
enhanced US and the combination of
strain elastography with color Doppler
US are shown in Table 2. The com-
bination of strain elastography with
color Doppler US increased the overall

diagnostic performance, with a correct
classification of 89.1% of all investi-
gated lesions, resulting in a sensitivity
of 66.7%, a specificity of 95.3%, and
a positive likelihood ratio of 14.3 (P <
.0001). Two benign lesions misclassi-
fied as malignant were Leydig cell tu-
mors (Fig 6). Four malignant lesions
were misclassified as benign.

The combination of strain elasto-
graphy with contrast-enhanced US in-
creased the overall diagnostic perfor-
mance, with a correct classification

Radiology: \/olume 285: Number 2—November 2017 = radiology.rsna.org

645



Radiology

ULTRASONOGRAPHY: Value of Multiparametric US in the Assessment of Intratesticular Lesions

Auer et al

Table 1

Lesion Characteristics of All Diagnosed Entities at Gray-scale US, Color Doppler US, Strain Elastography and Contrast-enhanced US

Gray-scale US Color Doppler US Strain Elastography Contrast-enhanced US  Reference Standard
Lesion Type Hypoechoic  Mixed Echogenicity Negative Positive  Hard Soft Negative  Positive  Histology  Follow-up
Partial infarction (n = 13) 8 (61.5) 5 (38.5) 13(100) 0(0) 4(30.8) 9(69.2 13(100) 0(0) 2(15.4) 11 (84.6)
Orchitis (n = 6) 4(66.7) 2(33.3) 4(66.7) 2(333) 0(0) 6(100)  3(50) 3(50) 2(33.3) 4(66.7)
Sex cord stromal tumor (n = 3) 3(100) 0) 1(33.3) 2(66.7 3(100) 0(0) 0(0) 3(100) 3 (100) 0(0)
Germ cell tumor (n=12) 4(33.3) (66.7) 4(33.3) 8(66.7) 12(100)0 0(0) 0(0) 12(100) 12 (100) 0(0)
Epidermoid tumor (n = 2) 0(0) (100) 2(100) 0(0) 2(100) 0(0) 2(100) 0(0) 2 (100) 0(0)
Nonspecific benign lesion (7= 12)* 12 (100) 0) 11(91.7) 183 183 11(91.7) 8(67.7 4(33) 0(0) 12 (100)
Scarring (n = 2) 2 (100) 0) 2(100) 0(0) 2(100) 0(0) 2(100) 0(0) 2(100) 0(0)
Cyst (n=5) 5(100) 0) 5(100) 0(0) 0(0) 5(100) 5(100) 0(0) 1(20) 4(80)

Note.—Data are absolute numbers, with percentages in parentheses.
* Lesions with benign criteria (diminishing lesion size or disappearance of the lesion after 3 months), but not further characterized.

Table 2

Statistical Analysis of 55 Testicular Lesions for Single Modalities and Combinations

Correct

Classification
Modality FP N TP FN Sensitivity (%)* Specificity (%)* Rate (%) Positive LR Negative LR's P Value
Color Doppler US 5(9.1) 38(69.1) 8(14.5 4(7.3) 66.7(34.9,90.0) 88.4(74.9,96.1) 83.6 5.7 (2.3-14.3) 0.4 (0.2-0.8) .0003
Contrast-enhanced US 10(18.2) 33(60.0) 12(21.8) 0(0) 100 (73.5,100.0) 76.7 (61.4,88.2) 81.8 4.3 (2.5-7.4) 0(N ) <.0001
Strain elastography 12 (21.8) 31(56.4) 12(21.8) 0(0) 100 (73.5,100) 72.1(56.3,84.7) 78.2 3.6 (2.2-5.8) 0 (NA) <.0001
Color Doppler US with 2(3.6) 41(745 8(14.5) 4(7.3) 66.7(34.9,90.0) 95.3(84.2,99.4) 89.1 14.3 (3.5-58.8) 0.4 (0.2-0.8) <.0001

strain elastography

Contrast-enhanced US 3(5.5) 40(72.7) 12(21.8) 0(0) 100 (73.5,100.0) 93.0(80.9,8.5) 945 14.3(4.8-42.7) 0 (NA) <.0001

with strain elastography

Note.—Unless otherwise indicated, data are numbers of lesions with percentages in parentheses. FN = false negative, FP = false positive, LR = likelihood ratio, TN = true negative, TP = true positive,

NA = not applicable.

* Data in parentheses are 95% Cls.

1 Data in parentheses are the range.

* Positive LR = sensitivity/1 — specificity.
§ Negative LR = 1 — sensitivity/specificity.

of 94.5% of all investigated lesions,
resulting in a sensitivity of 100%, a
specificity of 93.0%, and a positive
likelihood ratio of 14.3 (P < .0001).
Three benign lesions misclassified as
malignant were Leydig cell tumors. No
malignant lesions were misclassified as
benign.

A positive likelihood ratio of 14.3
was highest for the combinations of
strain elastography and contrast-en-
hanced US and for strain elastography
and color Doppler US. Single modal-
ities (contrast-enhanced US, strain
elastography, and color Doppler US)
had smaller positive likelihood ratios:

4.3, 3.6, and 5.7, respectively. Statisti-
cal details are shown in Table 2.

Although gray-scale US and color Dop-
pler US depict most intratesticular
tumors, these techniques have lim-
itations, especially in small tumor-
simulating lesions (5,15). Increased
diagnostic accuracy in the assessment
of intratesticular lesions with US is de-
sired, because follow-up or less inva-
sive organ-preserving strategies can be
performed in probably benign lesions
(4,12,16-18). Our study showed that

the implementation of both contrast-
enhanced US and strain elastography
has a high specificity and sensitivity in
differentiating malignant from benign
intratesticular lesions. Color Doppler
US has technical limitations such as
insufficient signal-to-noise ratio and
resolution and may fail to identify vas-
cularization in small vessels, small le-
sions, or lesions with low blood flow.
To counter these limitations, microbub-
ble-based contrast agents can be used
to substantially increase the detection
rate of vascular flow in intratesticular
lesions (5). Sensitivity was much higher
in contrast-enhanced US in comparison
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Figure 6

C.
Figure 6:

Images show small, 4-mm Leydig cell tumor in a 40-year-old man. (a) Gray-scale US image shows small hypoechoic testicular

lesion (arrow). (b) Strain elastography image shows focal and hard lesion (encoded blue) (arrowheads). (¢) Color Doppler US image failed to
detect intralesional signal (arrow). (d) Contrast-enhanced US image shows strong intralesional signal (arrowheads).

with color Doppler US because all ma-
lignant lesions were correctly identified
by contrast-enhanced US. Color Dop-
pler US failed to identify vascularization
in five testicular tumors that were pos-
itive for cancer at contrast-enhanced
US: one 5-mm seminoma, one 4-mm
Leydig cell tumor, and three teratomas
with complex cystic components and a
size of 11-14 mm. These cases under-
lined that contrast-enhanced US is su-
perior in the identification of vascular
flow, especially in small and complex

cystic lesions. Although technical ad-
vances have increased sensitivity for
color Doppler US, tumors smaller than
1.5 cm may appear avascular (5,19,20).

Shah et al showed that unequiv-
ocal demonstration of lack of vas-
cularization with contrast-enhanced
US supports a benign finding and,
therefore, watchful waiting (21). Al-
though our study demonstrated a
high sensitivity of contrast-enhanced
US for intratesticular malignant tu-
mors, specificity was only moderate

because benign entities such as focal
orchitis were also vascularized. Strain
elastography as a single modality
showed a high sensitivity of 100% and
a specificity of 72.1% for the detec-
tion of malignant intratesticular tu-
mors. Nevertheless, previous studies
showed higher specificities for strain
elastography alone. Aigner et al dem-
onstrated a specificity of 81% for all
intratesticular tumors, and Goddi et
al demonstrated a specificity of 98.2%
for malignant intratesticular lesions
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(6,7). The lower specificity of strain
elastography in our study was possi-
bly due to the relatively high number
of benign hard lesions (Leydig cell tu-
mors, n = 4; epidermoid cysts, n = 3;
hard infarctions, n = 3) in our study
population. Aside from epidermoid
cysts and hard infarctions, further be-
nign entities such as cysts with high
internal pressure or hematomas can
also manifest as hard at strain elas-
tography and can therefore be misin-
terpreted as malignant (6,13,22). In
these indeterminate cases, proof of
the presence or absence of vascularity
is essential to narrow the diagnosis.

Adding contrast-enhanced US find-
ings to strain elastography could signif-
icantly increase test performance com-
pared with strain elastography alone
or strain elastography combined with
color Doppler US. Especially the lack
of vascularity can be interpreted as
strong evidence for benignity because
all hard lesions without demonstration
of vascularity at contrast-enhanced US
were benign.

Summarizing our results, hard and
vascularized lesions are most likely ma-
lignant, with the exception of Leydig
cell tumors as false-positive results. A
study by Lock et al suggests that the
generation of time-intensity curves of
contrast-agent dynamics can be useful
to distinguish Leydig cell tumors from
other tumors (12). Furthermore, it
seems that hard but avascular lesions
are most likely to be benign and also
that soft lesions independent of their
vascularization are probably benign.
These findings are in line with Huang
et al who reported that a complete lack
of vascularization at contrast-enhanced
US resulted in a more confident diagno-
sis in those lesions (4).

There were some limitations to
this study. First, the study design was
retrospective. Second, our case series
was relatively small, and although we
assessed a broad spectrum of testic-
ular pathologies, we had rather small
numbers per entity. Therefore, larger
studies with a higher number of le-
sions should be performed in the fu-
ture. Third, inclusion bias was present
because a single uroradiologist decided

which subset of the whole patient popu-
lation had to be referred to multipara-
metric US. Fourth, multiparametric US
is operator dependent. Fifth, there was
a lack of histopathologic analysis in le-
sions that were rated as benign. Sixth,
multiparametric US was performed in a
selected patient population with known
focal testicular lesions detected at gray-
scale US. There was a clear potential for
selection bias for referral to radiology.
Seventh, multiparametric US was con-
ducted with two different US systems.
Last, we did not have quantitative data
about strain elastography or contrast-
enhanced US such as strain-ratio or
time-intensity curves, which could add
valuable information.

Our study suggests that the com-
bination of different US techniques in
a multiparametric setting can improve
the assessment of intratesticular lesions
and may help in triaging of patients for
orchiectomy versus testis-sparing sur-
gery or watchful waiting.
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