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Diffusionsgewichtete Magnetresonanz: Eine
optimierte Bildgebungstechnik fiir Hodentumore
mit wenig Zeitaufwand und hoher Treffsicherheit

Zusammenfassung

Ziel Der Zweck dieser Studie ist es, die Wertigkeit der
Diffusions-gewichteten Magnetresonanz Bildgebung
(DMB) in der Differenzierung von benignen und mali-
gnen Hodentumoren zu erfassen.

Methodik Fiinfzehn Ménner, die an unsere Klinik mit
im Ultraschall festgestellten Hodentumoren zugewiesen
worden waren, wurden in die Studie aufgenommen. Das
Alter der Patienten lag zwischen 20 und 61 Jahren (im
Mittel 25,7). Apparente Diffusionskoeffizienten (ADK)
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wurden von Gebieten der Lidsion und vom normalen
Hodengewebe gemessen. Zusdtzlich wurde Messungen
der mittleren Signalintensitét (SI) von Gebieten der Tu-
moren mit drei regions of interest (ROI) und vom nor-
malen Hodengewebe durchgefiihrt. Die SI Quotienten
wurden durch Division des SI Werte, die iiber der Lasion
erhoben wurden, durch die im normalen Hodenparen-
chym gemessenen errechnet. Die Pathohistologie des
Orchiektomie Materials wurden mit den ADK sowie mit
den Tumor SI Quotienten statistisch verglichen.

Ergebnisse Im Student’s t-Test bestand keine signi-
fikante Beziehung (p=0,97) zwischen den ADK Werten
und den benignen, beziehungsweise den malignen Tu-
moren. Die Beziehung zwischen dem pathohistologi-
schem Ergebnis und den SI Quotienten war im Student
t-Test signifikant (p=0,027).

Schlussfolgerungen Die DMB ist eine Methode, die
zur Differenzierung von malignen und benignen Ho-
dentumoren gut geeignet ist. Wichtige Informationen
iiber die Art des Hodentumors konnen mit quantitativen
Messungen der ADK und den SI Quotienten gewonnen
worden.

Schliisselwdrter: Apparente Diffusionskoeffizienten, Dif-
fusionsgewichtete Magnetresonanz, Signalintensitét, Hoden,
Hodentumore

Summary

Objective The purpose of this study is to determine the
effectiveness of the diffusion-weighted magnetic reso-
nance imaging (DWI) of the differentiation of benign
and malignant testicular masses.

Methods Fifteen male patients who admitted to our
clinic with the diagnosis of testicular mass detected
by ultrasound were enrolled to this study. The patients
were between 20 and 61 years old (mean 25.7). Apparent
diffusion coefficient (ADC) values were measured from
ADC maps of lesion and normal testicular tissue. In ad-
dition, mean signal intensity (SI) measurements were
obtained by using b: 1,000 of normal testicular tissue
and lesion with three regions of interest (ROI). SI ratio
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values are obtained by dividing the value lesion SI to the
normal testicular parenchyma SI. Histopathology of or-
chiectomy materials and ADC values and lesion SI rates
were compared statistically.

Results There were no significant correlation (p=0.97)
between ADC values of benign and malign lesions and
histopathological diagnosis in Student’s ¢ test. There
were statistically significant relationship with the his-
topathology of the lesion and the SI ratio in Student’s
t test (p=0.027).

Conclusions DWI is an effective method in differenti-
ation of benign and malignant testicular masses. Impor-
tant information can be obtained about nature of testis
masses with quantitative measurements of the ADC and
ratio of SI.

Keywords: Apparent diffusion coefficient, Diffusion-
weighted magnetic resonance imaging, Signal intensity,
Testis, Testicular neoplasm

Introduction

Imaging plays an important role in the differential dia-
gnosis of testicular masses. Ultrasonography (US) is the
primary imaging method of choice for the evaluation
of testicular pathology, but it remains insufficient in
characterizing the tissue [1]. Magnetic resonance ima-
ging (MRI) displays high soft-tissue contrast, is capable
of multiplanar cross-sectional imaging, and does not
include ionizing radiation. Thus, it is used in differentia-
ting testicular and extratesticular masses, tissue charac-
terization, and screening for metastasis [1].

Diffusion-weighted imaging (DWI) attempts to define
tissue characteristics by measuring the microscopic dif-
fusion of water molecule protons. This method was ini-
tially used in the diagnosis of central nervous system
ischemia, but when it was found that it could help dif-
ferentiate benign from malignant tissues, it began to be
used extensively [2-5]. In this article, we aimed to inves-
tigate the value of DWI in the differential diagnosis of tes-
ticular neoplasms.

Material and methods
Patients

Between January 2009 and November 2011, 15 male pati-
ents who had presented to our clinic with the diagnosis of
testicular mass detected by ultrasound were enrolled in
this study. The patients were between 20 and 61 years of
age (mean 25.7). US examinations were performed with
10-13 MHz linear-array transducers (Logiq 9, GE Health-
care, Milwaukee, WI). The opposite healthy testicular
parenchyme or ipsilateral normally appearing testicular
tissue was used as the control group.

MRI

Abdominal contrast-enhanced MRI was performed for
the investigation of intraabdominal lymph node meta-
stasis with phase-array body coil and surface coils in 1.5
Tesla scanner (Siemens Avanto, Erlangen, Germany).
Conventional T1-weighted FS (TR/TE, 363/9.2 ms) and
T2-weighted FS (TR/TE, 6,180/64 ms) axial view images
were acquired with 5 mm slice thickness, 1 mm intersec-
tional gap, 20-25 cm FOV and matrix of 512x512. Con-
trast-enhanced images were acquired with fat-saturated
axial T1-weighted sequences after IV administration of
0.2 mmol/kg gadodiamide (Omniscan, GE, Healthcare).
DWI was performed separately for the upper and lower
abdomen with 3-directional axial single-shot spin-echo
echo planar (4,000/81; echo-planar imaging factor, 77;
sensitizing gradients in x, y, and z directions) imagings.
The images were acquired with 0, 500, and 1000 mm2/s b
values. Apparent diffusion coefficient (ADC) maps were
calculated afterwards. Lesion localization was determi-
ned using images with low b values at DWI and conven-
tional sequences.

Image analysis

ADC values were measured from the ADC maps with the
average of three ROIs (region of interest) with constant
area (0.32 cm?) from the lesion and normal testicular tis-
sue. Measurement of the cystic areas, border zones, and
areas of calcification were avoided, and solid areas were
measured. Furthermore, the mean signal intensity (SI)
measurements were obtained by using b: 1,000 mm?/s
of normal testicular tissue and lesion with three ROIs.
The SI ratio values were obtained by dividing the value
lesion SI by the normal testicular parenchyma SI. Mea-
surements were obtained by the codecision of two expe-
rienced radiologists from the work station (Leonardo
Workstation, Siemens).

Statistical analysis

The histopathology of orchiectomy materials and ADC
values and the lesion SI rates were compared statistically.
The one-sample Kolmogorov-Smirnov and the Student’s
t tests were used for the statistical analysis. A p level of
<0.05 was accepted as statistically significant. The opti-
mal cut-off value was calculated with the receiver ope-
rating characteristic (ROC) analysis, and accordingly the
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) analyses were per-
formed. The SPSS software was used for the statistical
analysis.
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Fig. 1 In the case diagnosed with
epidermoid cyst histopathologically. a
In the T1-weighted MR image,

a mass lesion localized at the right
testis which demonstrates iso-
hypointensity to normal testicular
parenchyma. b In the T2-weighted
MR image, a smooth-margined
hyperintense mass with a hypoin-
tense rim is observed. ¢ In the “b:
1,000” DWI, the lesion is observed

to be significantly hyperintense. d In
the ADC map, when the mass lesion
is compared with the left testis, it is
hypointense and it demonstrates a
diffusion restriction (the average ADC
of the lesion is 0.81 x 10 mm?/s)

Fig. 2 In the case diagnosed with mixed mesenchymal tumor histopa-
thologically. a In the “b: 1,000” DWI, both hypointense and hyperintense
focuses are observed. b In the ADC map, the significant differences in the
ADC values between the lower and upper parts of the lesion demonstra-

Results

Eight (53.3 %) of the masses were on the right side and
seven (46.7 %) were on the left. The lesion size varied
from 15 to 43 mm with an average of 27.9 mm. The ADC
value of normal testicular tissue varied from 0.95 to 1.41
with an average of 1.08+0.06.

In one patient, there were bilateral testicular masses
and adrenal hyperplasia. In that particular patient, we
diagnosed congenital adrenal hyperplasia and bilateral
adrenal rest in the testis with supportive hormone pro-
file, and that patient received medical treatment. The
remaining 14 patients underwent orchiectomy. After the
histopathological examinations, there were a total of five
benign and ten malignant lesions. There were three epi-
dermoid cysts, five seminomas, one leydig cell tumor,
four malignant mixed germ cell tumor, one congeni-

te that the lesion has a mixed histological structure (the average ADC at the
upper part of the lesion is 1.27 x 10-* mm?/s, and the average ADC at the
lower part of the lesion is 2.72 x 10-°* mm?/s)

tal adrenal rest, and one postinfectious granuloma (see
Figs. 1, 2, and 3). The ADC value of all lesions varied from
0.56 to 2.48 with an average of 0.93+0.2. The ADC value
of benign lesions varied from 0.63 to 1.38 with an average
of 0.93. In the malignant lesions, the ADC value varied
from 0.56 to 2.48, with an average of 0.94 (Table 1). There
was no significant correlation (p=0.97) between the ADC
values of benign and malignant lesions and the histopa-
thological diagnosis in the Student’s ¢ test.

In b: 1,000 DWI images, the SI value of the lesions
was indexed to the normal testicular tissue SI values and
compared with the histopathology. The average SI value
was 0.65 in the malignant lesions and 1.4 in the benign
lesions (Table 2). There was a statistically significant rela-
tionship between the histopathology of the lesion and the
SI ratio in the Student’s ¢ test (p=0,027). When we consi-
dered the threshold value as 1 for the differentiation of
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Fig. 3 In the case diagnosed with
seminoma histopathologically. a

In the T1-weighted MR image, due
to the localized mass, an increase

in the volume of the right testis is
observed. b In the T2-weighted MR
image, the lesion is observed to be
hypointense in comparison with the
normal testicular structure. ¢ In the
“b:1,000” DWI, the inner structure
of the lesion has a similar intensity
with the normal parenchyma and
the hypointensity of its borders can
be monitored. d In the ADC map,
when the lesion is compared with
the normal testicular parenchyma, it
is hypointense and it demonstrates a
diffusion restriction (the average ADC
of the lesion is 0.66 x 10 mm?/s)

Table 1. ADC value of malignant and benign lesions

ADC value

Minimum Maximum Mean
Malignant (10) 0.56 2.48 0.94
Benign (5) 0.63 1.38 0.93

Table 2. Sl ratio of malignant and benign lesions

Value of Sl ratio

Minimum Maximum Mean
Malignant (10) 0.37 1.16 0.65
Benign (5) 0.30 2.68 1.40

benign and malignanttesticular masses with the SI rate,
the sensitivity, specificity, PPV, NPV, and accuracy were
90, 60, 81, 75, and 73 %, respectively in the ROC analysis.
The average SI ratio values of the three epidermoid cysts
was 1.96 and this was above the threshold values.

Discussion

Radical orchiectomy is the preferred method of treat-
ment for malignant testicular masses. Therefore, in order
to prevent unnecessary radical surgery, it is very import-
ant to make a distinction between benign and malig-
nant masses. MRI is superior to US, which is the most
commonly used imaging modality for evaluation of the
scrotum, in differentiating testicular and extratesticular
pathologies, multiplanar imaging with high soft-tissue
contrast and for demonstrating anatomical details [6-8].

original article

Unlike conventional MRI sequences, DWI provides
information about the function of the tissue. This
sequence does not require contrast media or expensive
and complex hardware. It is not invasive and the scan-
ning time is not prolonged. Therefore, it has begun to be
widely used in abdominal diseases [9]. With the help of
the new ultrafast sequences in abdominal MRI, move-
ment artifacts have been largely eliminated, and the qua-
lity of the images has increased; hence, it has become a
commonly used method [10]. DWI has become an onco-
logical imaging modality with short imaging duration, no
radiation risk, and a physiological imaging method such
as PET/CT [11]. Many specific organ studies such as that
on the liver, kidney, and the bladder have been conduc-
ted for the effectiveness of DWI in abdominal imaging
[3, 9-13]. However, to the best of our knowledge, there is
no DWI study in the literature on the differential diagno-
sis of testicular masses.

In previous studies, the effectiveness of MRI was
investigated for the differential diagnosis in testicu-
lar neoplasms [1, 8, 14, 15]. In these studies, the signal
characteristics, morphology, and enhancement of the
mass were evaluated using conventional sequences for
the differential diagnosis. Cramer et al. [8] interpreted
54 of 200 cases as malignant in their study according to
MRI, which were all confirmed histopathologically [8]. In
this study, there were no false-negative or false-positive
results. Johnson et al. [16] reported that they accurately
differentiated between seminoma and nonseminoma
with MRI in 13 of 15 patients (87 %) [16]. Schultz-Lampel
etal. [17] were able to separate seminomatous from non-
seminomatous in 42 of 67 patients (62 %) [17]. Serra et al.
[18] reported that they managed to differentiate malig-
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nant lesions from benign masses with 91 % accuracy [18].
Tsili et al. [15] reported that they were able to make the
distinction between seminoma and nonseminoma in
19 of 21 (91 %) patients using MRI-enhancement of the
features of tumor tissue and the content of fibrovascular
septa [15]. They also tried to characterize testicular mas-
ses and local spreads preoperatively with MRI and obtai-
ned similar results to previous studies [1]. In this study,
they evaluated 33 patients with 36 testis masses with a
lesion characterization accuracy of 96.4 %.

In our study, we could not make a distinction bet-
ween benign and malignant lesions according to the
ADC values. However, there were epidermoid cysts in the
benign lesion group, which were reported to have low
ADC values due to restricted diffusion [19]. Therefore,
the ADC values of malignant neoplasms and epidermoid
cysts may overlap. In our study, the mean ADC value of
the epidermoid cysts was 0.75 and the mean ADC value
of malignant testicular neoplasms was 0.94. Malignant
germ cell tumors were also included in the malignant
neoplasms group. In that tumors of two cases, the ADC
values were 2.48 and 1.5, respectively. The histopathology
of these cases were: 80 % teratoma and 20 % seminoma in
the first one and 1 % teratoma , 4 % seminoma, and 95 %
yolksac carcinoma in the second one. If we exclude these
two tumors from the malignant group, the average ADC
value of the malignant tumors was 0.67, which is lower
than the ADC value of epidermoid cysts (The mean ADC
value is 0.61 in pure seminomas in five patients).

The accuracy of our study was 73 % according to the SI
rate. The mean SI value of malignant neoplasms is 0.65,
which is significantly lower than benign lesions inclu-
ding all epidermoid cysts. It was possible to distinguish
between malignant and benign lesions using the SI rates.
The mean SI rates (0.44) were also lower than the cut-off
value in malignant mixed germ cell tumor cases which
had higher ADC values. The mean SI value in pure semi-
noma cases was 0.79.

Our study had some limitations. One of them was the
number of benign lesions and their diversity. The other
was the epidermoid cyst in the benign group which
displayed diffusion restriction and had overlapping ADC
values with malignant lesions. However, we think that
epidermoid cysts can be distinguished from other benign
testicular masses with the help of conventional MRI
sequences. Therefore, except for the epidermoid cyst, it
will not be difficult to differentiate benign lesions from
malignant lesions using DWI.

On conclusion, DWI is an effective method in the dif-
ferentiation of benign and malignant testicular masses
with a short examination duration.
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