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Background

Summary

The purpose of the study is to identify the diagnostic value of adding diffusion weighted images
(DWI) to routine MRI examinations of the scrotum.

The study included 100 testes of 50 patients with a unilateral testicular disease. Fifty normal
contralateral testes were used as a control group. All patients underwent conventional MRI and
DWI examinations of the scrotum. The results of MRI and DWI of the group of patients treated
surgically were correlated with histopathological findings. The MRI and DWI results of non-
surgical cases were correlated with the results of clinical, laboratory and other imaging studies.
Comparison of the ADC value of normal and pathological tissues was carried out followed by a
statistical analysis.

There was a significant difference between ADC values of malignant testicular lesions and normal
testicular tissues as well as benign testicular lesions (P=0.000). At a cut-off ADC value of <0.99,
it had a sensitivity of 93.3%, specificity of 90%, positive predictive value of 87.5%, and negative
predictive value of 94.7% in the characterization of intratesticular masses.

Inclusion of DWI to routine MRI has a substantial value in improving diagnosis in patients with
scrotal lesions and consequently can reduce unnecessary radical surgical procedures in these
patients.

Diagnosis * Diffusion Magnetic Resonance Imaging  Testicular Neoplasms e Testis
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the investigation of testicular masses. However, this prima-

ry imaging technique does not always allow for confident

Correct diagnosis and characterization of scrotal and tes-
ticular masses are important for their optimal treatment,
including resection planning to avoid orchiectomy for
some subtypes of benign tumors for which enucleation is
an alternative. A confident preoperative characterization
of the lesion in question is needed to spare the patient from
the drastic procedure [1,2]. Imaging has an essential role in

characterization of the nature of a testicular mass [3-6].
Magnetic resonance imaging (MRI) of the scrotum provides
valuable information in the detection and characterization
of various scrotal disorders and in differentiating intrates-
ticular and extratesticular lesions. The advantages of MRI
are simultaneous imaging of both testicles and both ingui-
nal regions, acquisition of adequate anatomic information,
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and satisfactory tissue contrast [7-14]. Recently, the dif-
fusion weighted (DW) MR technique proved useful in the
detection of malignant neoplasms and histological char-
acterization of focal lesions in the abdomen [15,16]. The
detection and characterization of the lesion generally
depend on the extent of tissue cellularity. Increased cellu-
larity is associated with restricted diffusion and reduced
apparent diffusion coefficient (ADC) values [15,16]. The
ADC values of malignancies are reported lower than those
of benign lesions or normal tissues [15-28].

The aim of the study

The purpose of the study was to evaluate the benefit of add-
ing DWI and ADC value measurements to routine MRI exam-
inations in our imaging departments’ settings and to identify
the accuracy of DWI and ADC values in the assessment of
normal scrotal contents and in pathological conditions, try-
ing to estimate a cut-off value for prediction of malignancy.

Material and Methods

The study was conducted in the Clinical Imaging
Department of Hamad Medical Corporation in Doha,
Qatar and in the Department of Diagnostic Imaging and
Nuclear Medicine, Zagazig University, Cairo, Egypt in
the period between January 2012 and January 2014. The
study included 100 testes of 50 patients having a unilat-
eral scrotal lesion, which were diagnosed by clinical and
US examinations. The normal testes of each patient, total
of 50 testes, were used as a control group for comparison
with the pathological side and measurement of normal ADC
values. The other 50 testes contained pathological lesions.
Thirty-five patients showed intratesticular lesions; 15 of
them were malignant and 20 were benign. The remaining
15 patients showed extra-testicular lesions, which were all
benign. The age of the patients ranged from 14 to 65 years.

MR imaging protocol
The patients were scanned in a supine position on a 1.5-T

MR system using a pelvic phased array coil. The MR pro-
tocol included: axial spin echo T1-weighted sequences

(TR 500-650 [ms], TE 13-15 [ms]) and axial, sagittal and
coronal fast spin echo T2-weighted images without and
with fat suppression (FS) (TR 4000 [ms], TE 100-120
[ms]). Additionally, the axial fat-suppressed T1-weighted
sequences were repeated when a lesion with high T1 sig-
nal intensity was noted. Gadolinium-DTPA (Omniscan)
0.2 mmol kg; Amersham Health, Oslo, Norway) was admin-
istered intravenously for contrast-enhanced images in the
coronal, transverse and sagittal planes in spin echo, fat
suppressed T1-weighted images. DWI was performed in the
axial plane, using a single-shot, multislice spin echo planar
diffusion pulse sequence (TR 3900 [ms], TE 115 [ms]) and b
values of 400 and 800 s/mm. Similar parameters were used
for all sequences, i.e. the slice thickness of 3-4 (mm), gap
0.5 (mm), matrix 180X256 (mm), FOV 24X 27 (cm).

MR imaging data interpretation

MR images were studied by three radiologists who did not
know the clinical, ultrasound, surgical or histopathologi-
cal results, and any discrepancies were resolved by a con-
sensus. The signal intensity of the lesion on conventional
and contrast-enhanced MR images was recorded. The
signal intensity of the lesion on DWI was compared with
the normal control testicle of the same patient. ADC maps
were created, the signal was recorded and a quantitative
analysis was performed by positioning the circular region
of interest (ROI) within the lesions, excluding areas of hem-
orrhage or necrosis revealed by other MR images. Three
measurements were obtained and their mean value was
calculated. Another similar ROI was placed in the normal
contralateral testicle to measure the normal ADC values.
Conventional MR imaging data were interpreted and the
diagnosis was recorded. DWI and ADC map images were
interpreted and the diagnosis depending only on these
sequences was recorded. Lastly, the diagnosis including
both conventional, DWI and ADC maps was recorded. The
diagnosis of intratesticular malignancies was established
using the MR criteria known from the previously pub-
lished reports [7,29,30] and correlated with the pathologi-
cal report. The statistical analysis of the accuracy of con-
ventional MR imaging diagnosis, DWI diagnosis alone and
combined conventional MR and DWI sequences in scrotal

Table 1. Pathological diagnoses of intra- (n=35) and extratesticular diseases (n=15).

Extratesticular lesions (n=15)

Intratesticular lesions (n =35)

Benign Malignant Benign Malignant
Epididymorchitis 7 Seminoma 8 é\ggr:ﬁmg;oid tumor ofepididymis 4 - -
Post infective/traumatic 4 Non seminoma* 7 Fibrous tumor of epididymis 2
Ectasia retitestis 3 Chronic granulomatous epididymitis 2
Granuloma 3 Acute epididymitis 3
Testicular cyst 3 Spermatocele 2

Hematoma of epididymis 2
20 15 15 -

*Non seminoma: included (Embryonal carcinoma, choriocarcinoma, yolk sac carcinoma and malignant teratoma).
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(R) T2-FSWI: Hypointense signal (arrow), (B) Post contrast:

Enhancement of the lesion (arrow), (C) DWIb800: No restriction (arrow), (D) ADC map: Low signal (arrow).

lesion characterization was carried out. The results of
surgery and histopathological examinations were used as
a standard in the operated patients. The clinical diagnosis
and follow-up by clinical re-evaluation and repeated imag-
ing evaluation were used as a standard for non-surgical
cases.

Statistical analysis

Statistical analysis was performed with SPSS Base 16 for
windows (SPSS Inc., Chicago, IL, USA). A P value of less
than 0.05 was considered statistically significant. The ADC
values of normal testes and testicular pathology (malignant
and benign lesions) were compared and a cut-off value was
chosen. Comparison was carried out between convention-
al MRI result alone, DWI result alone and combined MRI

with DWI results. The sensitivity, specificity and accuracy
were calculated.

Results

The study included 100 testes of 50 patients with a uni-
lateral testicular disease. Fifty normal contralateral testes
(50%) were used as a control group. The normal testicular
parenchyma appeared hyperintense on both T2-weighted
and DW images, and slightly hypointense on the ADC maps.
The mean *s.d. of (ADC value 10°mm?s™) of the normal
testis was (1.12+0.67). The other 50 testes (50%) were
abnormal with scrotal disorders. The study included 35
intratesticular lesions (70%), of which 15 (43%) were malig-
nant and 20 (57%) benign. Extratesticular lesions were 15
cases, which all (100%) proved to be benign (Table 1). A
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Figure 2. Male, 24 years old, with a right epididymal cyst. (A) DWI b800: Hypointense signal with no restriction (arrow), (B) ADC map: Hyperintens

signal (arrow).

diffusion ADC

e

Table 2. ADC (Apparent diffusion coefficient) values in diagnosis of extratesticular lesions; normal epididymi (n=6) versus benign lesions (n=15),

using paired t test.

Normal epididymis
(n=15)

Benign lesions (both neoplastic p
and non-neoplastic) (n=15)

Mean ADC +SD 1.0840.33%1073 mmZ-s~!

1.1740.48%1073 mm%s ™ 0.49

Range 1.01-1.13%1073 mm2s™"

0.56-2.30x 103 mm2-s~" Non-significant

Table 3. ADC (Apparent diffusion coefficient) values in diagnosis of extratesticular lesions; neoplastic (n=6) versus inflammatory (n=9)

Neoplastic lesions (n=6)

Inflammatory lesions (n=9) P

Mean ADC value +SD 0.99+1.5%1073 mm2s~!

0.25

-3 mm2-c-1
1.29£0.59x107> mm*:s Non-significant

total of 35 cases had benign-nature lesions of both intra-
and extratesticular locations (70%) and 15 cases were his-
topathologically proved as malignant lesions (30%) all of
intratesticular location. The conventional MRI features of
3 cases of tubular ectasia of rete testis and 3 cases of tes-
ticular cysts were typical in this series, in the form of the
presence of testicular cyst or multicystic lesions involving
the mediastinum of the testis, with fluid signal intensity,
not enhancing after intravenous contrast material admin-
istration [31,32]. Seven cases of epididymo-orchitis were
also correctly characterized by conventional MR images.
Enlargement and contrast enhancement of the epididymis
and the testis, combined with signal hyperintensity on
T2-weighted images, were findings proved to correspond
with acute inflammation on clinical and sonographic fol-
low-up in this study. This study also included four cases
of post-traumatic/post-infective heterogeneity which was
seen by ultrasound and MRI, and the latter was aimed to
rule out malignancy. The cases showed heterogeneous T2
signal with no mass effect or signs of pathological contrast
enhancement. Three cases of pathologically proved tes-
ticular granulomas were included in this study, one case
showed low signal in T2 and other two cases showed mixed

hyperintense signals in T2 images; all three cases showed
peripheral delayed enhancement. All benign 20 testicular
lesions in this study (100%), were detected without caus-
ing significant restricted diffusion, therefore of low sig-
nal intensity on DW sequences. The mean *s.d. of ADC
values of benign intratesticular lesions was 1.58+0.63.
This study included 15 cases of paratesticular lesions.
MR imaging identified normal epididymis at T2-weighted
and DW sequences as relatively hypointense, when com-
pared to the normal testicular parenchyma. Three cases of
acute epididymitis showed enlargement and post-contrast
enhancement of the epididymis combined with heterogene-
ous low signal intensity. Two cases of chronic granuloma-
tous epididymitis with enlarged heterogeneous epididymis,
showed a T2 heterogeneous low signal pattern with delayed
heterogeneous enhancement. The study included four
cases of adenomatoid tumors of the tunica and epididymis
(Figure 1), which presented as an isointense-signal lesion
in a T2-weighted image with early post-contrast enhance-
ment. Also two cases of epididymal fibrous tumors showed
a hypointense signal in both T1- and T2-weighted images
and post- contrast enhancement. Two cases of sperma-
tocele with a typical fluid signal and no post-contrast
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enhancement were detected (Figure 2). Both extratesticu-
lar benign neoplastic and inflammatory lesions showed
signal hypointensity and hyperintensity on DW sequences
and ADC maps, respectively. The mean *+s.d. of ADC values
of normal epididymis was 1.08=0.033. The mean *s.d. of
ADC values of benign paratesticular lesions including both
neoplastic and inflammatory ones was 1.17+0.48. The sta-
tistical difference between the ADC values of the normal
epididymis and those of benign paratesticular lesions was
noted (P=0.49), which was insignificant (Table 2). The mean
+s.d. of the ADC value of a benign paratesticular neoplasm
was 0.99+1.53 and the mean +s.d. of the ADC value of par-
atesticular inflammatory lesions was 1.29%0.59. Statistical
difference between the ADC values of the benign neoplas-
tic and inflammatory paratesticular lesions was noted
(P=0.25), which was insignificant (Table 3). Two false posi-
tive cases for malignancy, based on the DW data alone, with
acute post-traumatic epididymal hematoma were detected

Figure 3. Male, 31 years old, with right testicular swelling due to .
seminoma. (A) T2WI with fat saturation: Hypointense
signal (arrow), (B) DWI b800: Restriction, (€) ADC map: Low
signal.

with restricted diffusion on DW images and very low ADC
values. However, conventional MR sequences enabled the
correct characterization in those patients. Both conven-
tional and DW images proved accurate in characterizing
the benign nature of all (100%) paratesticular lesions in this
series. We had 15 malignant cases, all were intratesticu-
lar. There were 8 cases of seminoma (53%), (Figure 3) and
7 (47%) non-seminoma cases (Figure 4), (47%). Testicular
malignancies were detected on T2-weighted images as
either low signal in 9 cases or heterogeneous signal inten-
sity in 6 cases, with areas of hemorrhage in 2 cases and
necrosis in 4 cases, all heterogeneously enhancing after
intravenous contrast material administration, except for
three cases with mainly cystic components that showed
peripheral enhancement. Invasion of the testicular tunica
by a neoplasm in 5 cases, invasion of the epididymis in 2
cases and extension of the tumor to the spermatic cord
in two cases were detected. When assessed by DW imag-
ing, 12 cases (80%) of all testicular malignancies including
seminoma (Figure 3) and non-seminoma (Figure 4), were
depicted as areas of restricted diffusion, appearing hyper-
intense when compared to the normal testicular parenchy-
ma and hypointense on the ADC maps, respectively. Three
cases (20%) of malignancy with mainly cystic/necrotic
components and a thin peripheral soft tissue rim showed
no restriction in the cystic parts in DW images, appearing
as a hyperintense signal in ADC maps. The mean +s.d. of
ADC values of intratesticular malignancies was 0.79+0.16.
Conventional MR had a sensitivity of 100%, specificity of
80%, positive predictive value of 86.5%, negative predictive
value of 100% and overall accuracy of 90% in differentiat-
ing malignant from benign testicular lesions. The ANOVA
analysis between normal testis, benign and malignant
intratesticular lesions showed that the mean ADC values
were different (F23.0, P 0.00) (Table 4). The least signifi-
cance difference test showed a difference between the ADC
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values of the normal testicular parenchyma and testicu-
lar malignancies (P=0.000), the ADC values of benign and
malignant intratesticular lesions (P=0.000), and between
the measurements of the normal testis and benign intrat-
esticular lesions (P=0.004). DW images and ADC map using
a cut-off value (£0.99) had a sensitivity of 93.3%, specific-
ity of 90%, positive predictive value of 87.5%, and negative
predictive value of 94.7% in the characterization of intrat-
esticular masses (Table 5). The combined evaluation of both
conventional and DW images proved accurate in differenti-
ating malignant from benign intratesticular mass lesions in
all (100%) cases in this series.

Discussion

MRI of the scrotum provides valuable information in the
detection and characterization of various scrotal disor-
ders and differentiating intratesticular and extratesticular
lesions. The advantages of MRI are simultaneous imaging
of both testicles and inguinal regions due its wide field of

Figure 4. Male, 22 years old, with left testicular rhabdomyosarcoma.
(R) Post contrast study: Peripheral lesion enhancement
(short black arrow) and central necrotic changes (long black
arrow), (B) DWI b800: Restriction of the solid component
(white arrow), (C) ADC map: Restricted part appears
hypointense (white arrow).

view, multiplanar capabilities, high contrast and spa-
tial resolution helping in the distinction between benign
from malignant intratesticular lesions and evaluation of
the local extent of malignant lesions [7-14]. MRI is used
when sonographic findings are inconclusive or inconsist-
ent with clinical findings [10,11]. As radical orchiectomy
is the treatment of choice in the majority of intratesticular
malignant masses, a confident preoperative characteriza-
tion of the lesion in question is needed to spare the patient
from the drastic procedure [8,14]. The MRI criteria which
we used in characterization of testicular neoplasms were
the presence of mainly hypointense or heterogeneous mass
lesions on T2-weighted images and heterogeneous enhance-
ment after contrast material administration [7,14]. The
current study showed high accuracy of conventional MR
sequences in characterization of both paratesticular and
intratesticular lesions. The study showed a sensitivity of
100%, specificity of 80%, positive predictive value of 86.5%,
negative predictive value of 100% and overall accuracy
of 90%, which is in agreement with other research stud-
ies [7-14]. Paratesticular tumors are masses of slow and
indolent growth and in most cases of benign nature, being
that the case, the treatment of choice is a simple excision
of the lesion and follow-up, based on observation only.
In those identified as malignant (30%), treatment is more
complex, consisting in radical orchiectomy with adjuvant
chemotherapy or radiotherapy [33]. In this study, we had
15 cases of paratesticular lesions which were of benign
nature (100%) according to MRI criteria and clinic-labora-
tory data as well as follow-up assessment. Absence of post-
contrast enhancement is considered to be the most sensi-
tive sign in predicting a benign intratesticular lesion. The
presence of hemorrhagic changes, invasion of the tunicae,
and extension of the tumor to the paratesticular regions
and/or the spermatic cord constitute criteria used for the
diagnosis of malignancy as proved by histopathological
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Table 4. Analysis of variance between the ADC (apparent diffusion coefficient) values of normal testicular parenchyma (n=35), benign (n=20) and

malignant intratesticular lesions (n=15).

Normal testes

Benign lesions

Malignant lesions

P (n=35)° (n=20)" (n=15) F P
Mean ADC +s.d. 1.12+0.07x102 mm2s"  1.58+0.63x103 mm2s™"  0.79+0.16x103 mm&s™"  23.0 0.000
ADC range 1.02-1.29x102 mm%s™"  0.82-2.88x10 3 mmZs~!  0.40~1.02x107 mm?s~’

3 Normal patients (control group) show significant difference from both benign and malignant lesions (P=0.004 and 0.000 respectively); ® benign is

significantly different from malignant lesions (P=0.000).

Table 5. Validity of ADCin diagnosis of intratesticular lesions (n=35).

ADC Intratesticular lesions P
Malignant Benign Total

ADC<0.99 14 2 16

ADC>0.99 1 18 19

Total 15 20 35

AUC0.96 (0.90-1.02), cut off value for prediction of malignancy 0.99, sensitivity= 93.3, specificity=90.0, PPV=87.5, NPV=94.7, Kappa 0.82,

P=0.000.

correlation [7-14]. In the current study, there were 35
cases of intratesticular lesions, 20 cases were benign
(non-neoplastic) lesions (57%) and 15 cases were malig-
nant (43%), according to MRI criteria, clinical-laboratory
data, follow-up and histopathological findings in the oper-
ated cases. There were 3 cases of malignancy with large
areas of necrotic non-enhancing changes. The lesions were
associated with a peripheral rim of enhancement and other
MRI sequences were helpful to identify these changes as
of necrotic origin. Those three cases were proved to be of
malignant nature in the histopathological results. However,
we had no neoplastic benign lesions to include in this study.

Diffusion weighted MR imaging depends on the motion of
water molecules. The extent of tissue cellularity and the
presence of intact cell membranes define the impedance of
water molecule diffusion [15,16]. A normal testis is hyper-
intense on DWI referring to restriction of water molecule
movement within densely packed seminiferous tubules of
normal testicular parenchyma, separated by thin fibrous
septa [8]. The ADC value reflects the movement of water
molecules. High-b-value DW imaging (b800 or b1000)
reflects high signal intensity for malignant tumors in com-
parison to normal tissues and benign lesions, which corre-
spond to low ADC values for the malignant tumors [15-28].
In this study, no benign neoplastic intratesticular tumors
were included. Otherwise, all other benign intratesticu-
lar lesions show no restriction in DWI. The ADC values of
the normal epididymis were lower than those of various
benign paratesticular lesions, with values which proved
as insignificant (P, 0.49). Malignant testicular carcinomas
have higher signal intensity in comparison to normal tes-
tis; hence, assessment of the signal intensity on DW images
was proved reliable in differentiating between normal tes-
ticular tissue and malignant tissues. In the present study,
DWMR imaging proved valuable in differentiating testicu-
lar malignancy from various scrotal lesions. All, except for

three cases of testicular malignancies, were hyperintense
(restricted) on DW images at b value of 800. Those three
malignant cases had large areas of necrotic changes, which
presented no restriction at DWMR, however; they showed
a restricted peripheral thin rim corresponding to a solid
component, which was not conclusive. Conventional MRI
was able to achieve diagnoses in those three cases and
final diagnosis as malignancy was obtained. The ADC val-
ues of intratesticular malignancies were lower than those
of normal testis and benign lesions (P, 0.000). There was
no significant difference in the ADC value between normal
testicular tissue and benign testicular lesions (B, 0.004). A
cut-off value of the ADC value for prediction of malignancy
for intratesticular lesions was calculated. Statistical analy-
sis using this value had high sensitivity, specificity, positive
predictive value and negative predictive value of 93.3%,
90.0%, 87.5%, and 94.7% respectively, suggesting that lesion
with ADC value equal to or less than 0.99 is suggestive of a
possibility of malignancy. This result agrees with the previ-
ous studies [27,28], which stated that the lower ADC val-
ues, the higher the potential for malignancies. The decrease
in ADC values in testicular neoplasms is related to the
histopathological characteristics of neoplastic tissue, that
is, increased tissue cellularity and densely packed malig-
nant cells, enlargement of the nuclei, and angulations of
the nuclear contour, all causing reduced motility of water
molecules. Therefore, both DW imaging characteristics and
ADC calculations of the scrotal contents proved valuable
in differentiating between a normal and abnormal scro-
tum, and more important, in differentiating normal from
cancerous tissue in the testicles. In this study, we had two
false-positive cases with paratesticular hematoma, related
to the low ADC values of bloody products and three false-
negatives in patients with multicystic testicular malignan-
cies. Correct diagnosis was possible in those cases, which
could be attempted using routine MR sequences. On a rou-
tine conventional MRI examination adenomatoid tumor of
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epididymis and tunica, and fibrous tumor of epididymis
were displayed as enhancing paratesticular masses with
no restriction in DWMR, which reflected the benign nature
of those lesions. In the present study, we found that DW
imaging data when interpreted in conjunction with con-
ventional images improve the characterization of the
lesion. The addition of DW sequences to routine scanning
data improves the diagnostic accuracy with only minimal
increase in examination time. There were some limitations
in the current study as some pathological types of scrotal
abnormalities were not included. Also, there is a wide indi-
vidual variation of ADC measurements, so it was difficult
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