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Abstract: Objective: The purpose of this study was to clarify the diagnostic value of susceptibility weighted imag-
ing (SWI) for distinguishing malignant from benign parotid gland lesions by Magnetic Resonance. Methods: This
research prospectively collected the preoperative SWI findings of 41 patients including 12 malignant and 29 benign
parotid gland lesions which were confirmed by surgical pathology later. The venous distribution, the maximum diam-
eter of veins (d . ), the degree of intralesional susceptibility signal (ITSS) and the ITSS per unit area (N/S ) were
further analyzed with SPSS 16.0 software. Result: The venous distribution (P<0.01), the d __ (P<0.01), and the
ITSS grading (P<0.01) of parotid gland lesions were significantly different between malignant and benign lesions,
while N/S ., (P=0.367) was statistically insignificant. When the Youden index reached the highest point, the opti-
mum thresholds of d _ was 1.8 mm and ITSS grading was greater or equal to 2. The corresponding areas under
the ROC curve (AUC) were 0.924 and 0.856 respectively. Conclusion: The results provided evidence that imaging
features of SWI may be helpful in distinguishing malignant from benign parotid gland lesions and worth to be gen-

eralized in parotid gland MR scanning.
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Introduction

Preoperative prediction of the benignancy or
malignancy of parotid gland lesions is very
important for making surgical planning, be-
cause an appropriate approach can be chosen
to treat lesions accordingly. In addition, when
appointing a preoperative diagnosis, it is mean-
ingful to avoid unnecessary surgery in case of
benign lesions or consider extensive surgery to
remove the entire parotid gland and the sur-
rounding lymph nodes in case of malignant
lesions [1-3]. Fine-needle aspiration cytology is
usually regarded as a minimally invasive meth-
od for the preoperative diagnosis of parotid
gland lesions. However, it is not always convinc-
ing because sometimes specimens are insuffi-
cient due to that some lesions locate too deep
to approach or the lesion size is too small to
obtain. Moreover, it increases the difficulty of
surgical removal of the lesion and the odds of
local recurrence [4].

The features of malignancy of the parotid gland
include infiltration into surrounding structures
and irregular margin on conventional MRI [2],
low wash-out in dynamic contrast material-
enhanced MRI [5, 6], and the apparent diffu-
sion coefficient (ADC) value less than 1.0x103
mm?/sec or greater than 1.4x10° mm?/sec on
diffusion weighted imaging [3]. It has been
shown that high-grade malignant parotid gland
lesions usually have ill-defined borders and sig-
nal intensity heterogeneity [5, 7]. On the other
hand, it has been observed that lesion borders,
signal intensity, and heterogeneity were not the
factors which correctly differentiate the malig-
nant from benign parotid gland lesions [8].
Infiltration into subcutaneous fat was found not
only in malignant parotid gland lesions, but also
in those with inflammatory lesions [3]. Our pre-
vious study has reported that the wash-out
ratio was different between malignant and
benign parotid gland lesions using multi-phasic
computed tomography (MSCT) [9]. Neverthe-
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Table 1. Histopathological diagnoses of parotid gland

this study, we prospectively assessed the
difference of preoperative venous distribu-

tion, the maximum diameter of veins (d

V-

) the degree of intralesional susoeptibil;

lesions
. . - Number
Histological findings of lesions
Benign lesions 29
Pleomorphic adenoma 16
Warthin tumour 9
Granulomatous inflammation 2
Tuberculosis 1
Kimura disease 1
Malignant lesions 12
Acinic cell carcinoma 6
Mucosa associated lymphoid tissue lymphoma 2
Squamous cell carcinoma 2
Mucoepidermoid carcinoma 1
Carcinoma ex pleomorphic adenoma 1

less, the wash-out ratio of pleomorphic adeno-
mas was similar to some malignant lesions [9].
Thus, the role of conventional MRI or CT in the
distinguish of malignant and benign parotid
gland lesions was not very affirmative. The
overlap feathures of malignant and benign
lesions requires further discrimination for accu-
rate preoperative diagnosis [3, 5, 10-16].

Susceptibility weighted imaging (SWI) is a long-
TE fully flow-compensated high-resolution 3D
gradient-echo sequence that maximizes the
sensitivity to susceptibility effects [17, 18], with
filtered-phase information to both create the
contrast in magnitude images and add the sus-
ceptibility difference between tissues. These
characteristics promise SWI to have exquisite
sensitivity to the detection of venous deoxyhe-
moglobin and tumor venous vascularity [17-20].
It provides additional diagnostic information
that is usually complementary to conventional
MRI sequences to evaluate various neoplasms
[17, 19, 20]. Growth of tumor mass is reliant on
the proliferation of pathologic vessels, such as
gliomas [19]. Microhemorrhages usually occur
in aggressive tumors. Thus, tumor vascular
hyperplasia and hemorrhage are important in
tumor grading [17, 19-22]. In human glioma
cells, it has been shown that the levels of ferri-
tin and transferrin receptors are correlated with
tumor grade [23]. Previous studies showed that
the intratumoral venous vasculature, hemor-
rhage and the level of transferrin receptor can
be detected with SWI [17, 19-22].

However, the value of SWI on the diagnosis of
parotid gland lesions has not been studied. In
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ity signal (ITSS) and the TISS per unit area
(N/S,) of malignant and benign parotid
gland lesions using the SWI technique.

Materials and methods
Patients

This study included 41 patients (21 males
and 20 females, 13-86 years old, mean
age 47.34 years) with lesions of the parotid
gland who underwent preoperative MRI
and lesion resection in our hospital from
May 1, 2013 through October 31, 2014. All
cases had met the following criteria: (a)
Without any biopsy or interventional thera-
py or medical treatment performed on parotid
gland lesions before the MR imaging scan; (b)
The parotid gland lesions were confirmed by
histopathological examination of specimens
obtained by operation. The findings shown in
the SWI sequences were compared with the
pathology. All cases signed informed consent
forms, and the institutional review board of our
hospital group approved the study. Table 1
presents details of the types of malignant and
benign parotid gland lesions identified.

MRI imaging protocol and image evaluation

MR imaging was performed on 1.5 T clinical
MR scanner (Magnetom Avanto, Siemens
Healthcare, Erlangen, Germany) equipped with
8-channel phased array head and neck coil. A
transverse SWI sequence was performed with
49 ms/40 ms (TR/TE), a field of view of 23 cm,
a matrix of 256x256, a flip angle of 15°, a num-
ber of averages of 1, a 2 mm section thickness,
a 0.4 mm intersection gap, phase encoding
direction was from R to L. Phase image, mini-
mum intensity projection (MinP), and magni-
tude image were reconstructed automatically
by the system. Pre-saturated slabs were used
to saturate contains air structures. Scanning
range included neck and parotid gland zone.

Imaging features including the venous distribu-
tion, d, ., ITSS, and N/S .. Small vein shows
contiguous low-signal regions on SWI were
observed in consensus by two experienced
radiologists (Dong Xie., Guangiao Jin.; 20 and
15 years of experience in reading parotid gland
MRI, respectively) after separate assessment.
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Figure 1. The grade of intralesional susceptibility signals on MinP. A. Is a 27-year-old female with pleomorphic ad-
enoma of the right parotid gland and Grade 0. SWI-MinP shows indistinct fuzzy or inconclusive hypo-intense signals
(arrowheads), which was excluded. B. Is a 30-year-old male with Warthin tumour of the right parotid gland and Grade
1. C. Is a 47-year-old female with acinic cell carcinoma of the right parotid gland and Grade 2. D. Is a 57-year-old
male with mucosa associated lymphoid tissue lymphoma of the left parotid and gland Grade 3. E. Is a 86-year-old
male with acinic cell carcinoma of the left parotid gland and Grade 3. SWI-MinP demonstrates artifacts (arrow).

They obtained the mean measurement of the
d, .., of three times. According to previous find-
ings [24, 25], for semiquantitative analysis, the
degree of ITSS was divided into 4 grades on
SWI-MinP (Figure 1): Grade O, no ITSS; Grade 1,
1-5 dotlike or fine linear ITSSs; Grade 2, 6-10
dotlike or fine linear ITSSs; and Grade 3, 211
dotlike or fine linear ITSSs within a lesion. If a
large area of hypo-intense signal within a lesion
was defined as Grade 3, it is because artifacts
were caused by excessive intralesional hemor-
rhage or excessive iron deposition (Figure 1).
N/S,.s Was defined as the ratio, which is the
number of hypo-intense signal fine linear or dot-
like structures divided by the area of the maxi-
mum transverse of lesion.

Histopathologic analysis

An experienced pathologist (Jun Chen, 16 ye-
ars experience) interpreted and confirmed the
pathological diagnosis from hematoxylin-eosin
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stained specimens and, if necessary, immune-
histochemical identification.

Data analysis

Statistical analysis was performed with SPSS
version 16.0 software (SPSS, Chicago, lll). The
Chi-square test was used to assess the venous
distributions between benign and malignhant
lesions. The Mann-Whitney U-test was asse-
ssed to compare the significance of between-
group differences of ITSS grading between
malignant and benign lesions. The independent
T-test was performed to assess the dvrmax, and
the N/S_ . between malignant and benign
lesions. Receiver operator characteristic (ROC)
curve analysis was used to determine the opti-
mal cut-off value of diagnostic performance of
ITSS grading and the d ___ for malignant
lesions. The sensitivity (SE), specificity (SP),
positive predictive value (PPV), and negative
predictive value (NPV) were calculated from the
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10/12 (83.3%) for the benign
and malignant lesions respec-
tively (Figure 2). The frequen-
cy distribution of veins were
significantly more centrally lo-
cated for malignant than for
benign lesions (Chi-square,
x?=20.882, P<0.01). In the
semiquantitative analysis, the
Mann-Whitney U-test showed
that the differences of ITSS
grading were statistically sig-
nificant between benign and
malignant lesions (Z=-3.999,
P<0.01). Table 2 and the inde-
pendent T-test showed the
mean d___ of benign lesions
was significantly smaller th-
an that of malignant lesions
(1.1£0.5 mmyvs. 2.5+1.0 mm,
t=4.633, P<0.01), whereas
the mean N/S, ., was not sig-
nificantly different between

10

o HHHE
Eccentrically located

Figure 2. Bar charts of intralesional venous distributions, it shows that ec-
centrically located in 26/29 (89.7%) and 2/12 (16.7%), centrally in 3/29
(10.3%) and 10/12 (83.3%) of the benign and malignant lesions, respec-

tively.

Table 2. Maximum diameter of intralesional veins of benign and

malignant lesions

o SBHHE
Centrically located

benign (0.8+0.9 per cm?) and
malignant (1.1+0.7 per cm?)
(t=0.913, P=0.367) (Figures
3, 4). The area under the ROC
curve (AUC) of the d __ and
the degree of ITSS for distin-
guishing malignant and be-
nign lesions were 0.924 and
0.856, respectively (Figure

5). Based on ROC analysis,

Parotid gland lesions '(\/Ir:;r; SD when the Youden index re-
Malignant 25 1 vs.Benign lesions P<0.01 ached the highest point, the
) optimum thresholds of d

vs. Pleomorphic adenoma P<0.01 was 1.8 mm and ITSS grading

vs. Warthin tumour P<0.01 was greater or equal to 2. In

Benign 11 05 ROC curve analysis, the op-
Pleomorphic adenoma 12 05 timal sensitivity, specificity,
Warthin tumour 1.1 05 PPV, and NPV of venous distri-

Note: SD: standard deviation.

butions were 83.3%, 89.7%,

ROC curve as the cut-off value used to identify
benign and malignant lesions. A P value of less
than 0.05 was judged as statistically signifi-
cant.

Results

In 41 lesions (29 benign and 12 malignant),
most of intralesional venous distributions were
eccentrically located in 26/29 (89.7%) and
2/12 (16.7%) and centrally in 3/29 (10.3%) and
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76.9%, and 92.9% respective-

ly; d, .., were 83.3%, 96.6%,
90.9%, and 93.3% respectively; and ITSS grad-
ing were 83.3%, 86.2%, 71.4%, and 92.6%
respectively (Table 3).

Discussion

SWI is known to be much more sensitive to
microhemorrhage, small veins, and blood prod-
ucts (deoxyhemoglobin, methemoglobin, ferri-
tin, and hemosiderin) than other sequences (SE
sequences, FSE sequences, FLAIR sequences,
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mainly manifested the peri-
pheral vascularization, while
that of malignant lesions of
parotid gland is centrally-lo-
cated. Simultaneously, a com-
parison of SWI findings and
pathology results shows pro-
mising correlations. It is sup-
posed that the course of vas-
cularization and the cell bio-
logical behavior formed an-
other focal point in the differ-
entiation. Therefore, we assu-
med that the central vascular-
ization was more frequent in
malignant tumors. In the ca-
se of malignant tumors, the

T
Malignant

growth pattern was usually
rapid and aggressive; the ves-

5.0 *

-
o
1

m?)

3.0

N/Stss (per ¢

0.0

37

11207

sels were chiefly embedded
or even destroyed by tumors
and the tortuous or irregular
courses of vessels penetrat-
ed the tumor. Conversely,
benign tumors’ growth was
slow and expansive, and the
vessels were gently curved
and randomly along the bor-
der of lesions [26-28]. In addi-
tion, malignant tumor neo-
angiogenesis provides neo-
plastic cells with oxygen and
nutrients, which primarily st-
arts in venules infiltration into
the neoplastic cells spaces.

T
Benign

Figure 3. Box plots of (A)d  __ demonstrates a significant difference (P<0.01)
between malignant and benign lesions, while box plots of (B) N/S
significantly different (P=0.367). o = outlier, * = extreme value.

and GRE sequences). Meanwhile, its high-reso-
lution would enable to detect smaller quanti-
ties of small veins and microhemorrhage [17-
20]. It makes the identification and quantifica-
tion of the tumor venous vascularity theoreti-
cally possible. Furthermore, it may be possible
to avoid performing unnecessary biopsy or
surgery for benign lesions and missing malig-
nant lesions in the parotid gland.

From the data that we obtained in the present
study, this research concluded that the venous
distribution of benign parotid gland lesions
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T
Malignant

The results clearly show that
the d _ of malignant lesions
are statistically significantly
wider than that of benign
ones, which is consistent with
the results of SWI in patholo-
gy studies. The widening of vessels caliber for
an increase in blood volume meet the demand
of the progressive growth of neoplastic cells.
On the other hand, malignant tumor neo-angio-
genesis is histologically characterized by lack
of continuous homogeneous basement mem-
branes, muscular layers, integrated endothelial
cells, and extreme nerves [26-29]. The vessel
wall has no autonomic function of systole and
diastole. The increase of blood flow perfusion
will eventually lead to the widening of vessels.
Third, this study observed that the vessels of
benign lesions were similar in size, while the

rss Was not
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Figure 4. Warthin tumour of the left parotid gland in a 45-year-old man. A: Transverse magnified SWI shows fine-
linear ITSS diameter within lesion of approximately 1.1 mm. B: Photomacrograph (haematoxylin-eosin stain, original
maghnification 100%) showing the vein of the tumour, which corresponds to the dv-max on SWI. C: Acinic cell carci-
noma of the right parotid gland in a 47-year-old woman. Transverse magnified SWI shows fine-linear ITSS diameter
within lesion of approximately 3.8 mm. D: Photomacrograph (haematoxylin-eosin stain, original magnification 100x)
showing the vein of the tumour, which corresponds to the dv-max on SWI.

vessels of malignant lesions were caliber fluc-
tuations, probably because of the presence of
arteriovenous shunts and sinusoids. Further-
more, the tumor vessels will be widened with
the impact of high-speed blood flow because of
the presence of arteriovenous shunts.

According to previous findings [24, 25], ITSS
was defined as hypo-intense signal fine linear
or dotlike structures, with or without conglom-
eration, within a lesion was evaluated on SWI-
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MinP, while excluded indistinct fuzzy or incon-
clusive hypo-intense signals because the quan-
tification may be subjective and ITSS grades
are not accurate. This semiquantitative analy-
sis shows that the differentiation between
malignant and benign lesions was statistically
significant about the ITSS grade. Malignant
lesions had a significantly higher ITSS grade
than benign ones. With a low degree of ITSS
(grade 0-1), distinguishing between benign and
malignant lesions was possible. Furthermore,

Int J Clin Exp Med 2016;9(10):19195-19203
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The studies indicated that

despite the fact that intrale-
sional hypo-intense signals
were significantly in malignant
lesions more than in benign
lesions on SWI, the mean N/
S,ss Was not statistically sig-
nificant between malignant
and benign. We theorize that
the volume of malignant le-
sions is greater than that of
benign lesions from our data.

Our study had some limita-
tions. First, the sample of
malignant lesions in the study
is relatively small for evalua-
tion of SWI. This study includ-
ed seven cases of frequently
encountered parotid malig-
nancy (mucoepidermoid carci-
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s
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Figure 5. Receiver operating characteristic (ROC) curve of the d and the
ITSS grading used for distinguishing parotid gland lesions from benign to
malignant. The Area under cure (AUC) of the d __ (solid line) and the ITSS
grading (dashed line) are 0.924 and 0.856 respectively.

from the ROC curve analysis, grade 2-3 ITSS
provided a specificity of 86.2% (25/29) for
differentiating benign and malignant lesions.
Thus, further study is warranted to expound the
pathophysiologic basis of these differences in
the ITSS degree. In the experience, the SWI
findings of some benign lesions showed indis-
tinct hypo-intense signals different from ITSSs
defined because of rich microvasculature, such
as pleomorphic adenoma and inflammatory
granulomas. As mentioned above, this result’s
possible explanation was the vascularization
pattern of a multiply. It has been known that
the vascular abnormalities architectures of
malignant tumors included occlusions, steno-
ses, loops, and trifurcations occur [27, 30-32].
These would lead to heterogeneous regional
flow patterns and blood viscosity heightens.
The oxyhemoglobins were over-depleted be-
cause of prolonging deprivation of oxygen and
production of more deoxyhemoglobins. For
another, tumor hypoxic areas usually occur in
Necrosis.
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noma and acinic cell carcino-
ma). Thus, this study popula-
tion might reflect the SWI find-
ings. Second, it did not dire-
ctly reveal that the d __ is
exactly corresponding with
pathology findings, therefore
further studies will be neces-

sary. Third, the results show
that the d _ to be an aid in distinguishing
benign and malignant lesions, but this has not
been demonstrated in a prospective validity
study.

1.0

v-max

Conclusion

In conclusion, the results provided evidence
that imaging features of SWI may be helpful in
distinguishing malignant from benign parotid
gland lesions, and it is worth to be generalized
in parotid gland MR scanning.
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Table 3. Sensitivity, specificity, PPV, and NPV of venous distribution, d, ... and ITSS degree for distin-
guishing malignant from benign parotid gland lesions according to threshold values

PPV NPV

SE
venous distribution 83.3% (10/12)
d, e 83.3% (10/12)
ITSS degree 83.3% (10/12)

89.7% (26/29)
96.6% (28/29)
86.2% (25/29)

76.9% (10/13) 92.9% (26/28)
90.9% (10/11) 93.3% (28/30)
71.4% (10/14) 92.6% (25/27)
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