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 Background: The aim of this study was to investigate the diagnostic value of diffusion-weighted imaging (DWI) in combi-
nation with susceptibility-weighted imaging (SWI) for differentiating benign parotid gland lesions from malig-
nant ones.

 Material/Methods: This retrospective study was approved by the Ethics Committee of our hospital. A total of 36 patients (26 be-
nign cases and 10 malignant cases) were confirmed by surgical pathology. The apparent diffusion coefficient 
(ADC), normalized ADC (ADCNormalized), intratumoral susceptibility signals (ITSS), and morphological characteris-
tics were analyzed with SPSS 19.0 software.

 Results: The mean ADC values of parotid gland lesions was not different between malignant and benign lesions (P=0.07), 
while the differences between ADCNormalized (P=0.026) and ITSS grading (P=0.014) were statistically significant. 
Logistic regression analysis identified use of ADCNormalized and ITSS as the only independent predictor of malig-
nant lesions (odds ratio 0.038; 95% confidence interval 0.001~0.988; P=0.011) and (odds ratio 4.867; 95% con-
fidence interval 1.442~16.423; P=0.049), respectively. The optimum threshold of the ADCNormalized values was 
–0.45%, ITSS grade was 2, the corresponding areas under the receiver operating characteristic curve (AUC) were 
0.750 and 0.787 respectively, and the combination of the 2 was 0.846.

 Conclusions: DWI integrated with SWI can significantly improve the diagnostic efficacy in distinguishing benign from malig-
nant parotid lesions.
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Background

The parotid gland is the largest salivary gland and parotid 
cancer accounts for 5% of the incidence rate of all head and 
neck tumors and 80% the salivary gland tumors [1]. The be-
nign tumors account for 80–85% and malignant tumors ac-
count for 15–20% [2]. About 25% of untreated parotid pleo-
morphic adenoma shows malignant degeneration after a long 
history of disease, especially in multiple pleomorphic adeno-
ma [3], but Warthin’s tumors are rarely malignant, with a rate 
of less than 1% [3].

To avoid unnecessary surgery in case of benign lesions or con-
sidering an enlarged surgery for removal of the entire parot-
id gland and the surrounding lymph nodes in case of malig-
nant lesions [4–6], it is critical to preoperatively distinguish 
benign from malignant parotid gland lesions to select the op-
timal treatment protocol. The features of malignancy of the 
parotid gland included irregular margin, infiltration into adja-
cent structures, and surrounding swollen lymph node on con-
ventional MRI [5]. Lesion margins and swollen lymph nodes 
were not factors correctly differentiating malignant from be-
nign parotid gland lesions, and infiltration into adjacent struc-
tures appeared not only in malignant parotid gland lesions, 
but also in certain benign lesions, such as inflammation and 
tuberculosis [5–7]. Therefore, the role of conventional MRI in 
the differentiation of benign and malignant parotid gland tu-
mors appears to be controversial.

Our previous studies confirmed the utility of apparent diffu-
sion coefficient (ADC) in combination with color Doppler flow 
imaging [8] and multi-phasic computer tomography (CT) [9] for 
classifying parotid gland lesions into benign and malignant tu-
mors. However, the results were still not entirely satisfactory.

Susceptibility-weighted imaging (SWI) is a longTE, fully flow-
compensated, high-resolution, 3D gradient-echo sequence that 
maximizes the sensitivity to susceptibility effects [10] with fil-
tered-phase information to create the contrast in magnitude 
images and add the susceptibility difference between tissues. 
It provides additional diagnostic information that is usually 
complementary to conventional MRI sequences to evaluate 
various neoplasms [11,12]. Tumor vascular hyperplasia and 
hemorrhage are important in tumor grading [10–14]. However, 
the value of SWI on the diagnosis of parotid gland lesions has 
not been studied.

Eida et al. [15] showed that apparent diffusion coefficient (ADC) 
values appeared more frequent in areas with high ADC values 
(³1.8×10–3 mm2/s) and were significantly greater in benign le-
sions than in malignant ones. Furthermore, Yabuuchi et al. [16] 
emphasized that TIC pattern in dynamic contrast-enhanced MRI 
integrated with ADC in DWI can improve diagnostic accuracy 

when differentiating benign from malignant parotid gland le-
sions. Nevertheless, the diagnostic value of the integration of 
DWI and SWI in the characterization of parotid gland lesions 
has not been reported in the literature.

Thus, this study retrospectively analyzed the characteristics of 
DWI, SWI, and conventional MR features of the parotid gland 
lesions, aiming to improve the differential diagnosis between 
benign and malignant parotid lesions.

Material and Methods

Patients

The research was approved by the Ethics Committee of our 
hospital. We enrolled a total of 36 patients (21 males and 15 
females; age range 21–83 years, mean age 48.6 years) with 
parotid gland diseases in our hospital from March 1, 2017 to 
January 30, 2018. Inclusion criteria were: (a) MR imaging scan 
was performed within 2 weeks before surgery, and without 
any pathology results or medical treatment performed on pa-
rotid lesions; (b) DWI, SWI, and conventional MR sequences 
were performed in all cases before treatment; and (c) All cas-
es were confirmed by postoperative pathology.

MR imaging

All MR examinations were performed on a 1.5T superconduct-
ing magnetic resonance device (Siemens Magnetom Avanto, 
Germany) by using an 8-channel phased array head and neck 
coil. The MR imaging examination included the whole parot-
id gland and the neck region. The imaging parameters of con-
ventional sequence were: 6-mm section thickness, 1-mm in-
tersection gap, 23-cm field of view; FS T1WI (TE 8.7 ms, TR 
695 ms) and FS T2WI (TE 101 ms, TR 4260 ms). In the DWI se-
quence, a 6-mm section thickness, 2-mm intersection gap, TE 
103 ms, 3400 ms, 23-cm field of view, and b-values of 0 and 
1000 mm2/s, ADC maps were automatically generated by post 
processing workstation (Syngo MRB1, Siemens). For the SWI 
sequence, a 2-mm section thickness, 0.4-mm intersection gap, 
23-cm field of view, TE 40 ms, TR 49 ms, minimum intensity 
projection (SWI-MinP) were also automatically generated by 
the same post-processing workstation.

MR image evaluation

All MR images were observed in consensus by 2 authors (Wei 
Zhang and Xiangyang Huang) with 10 and 22 years of expe-
rience in head and neck MR imaging, respectively, who were 
blinded to histopathologic results. The morphological fea-
tures of parotid benign and malignant lesions were recorded 
on conventional MR images including: tumor diameter (mm), 
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morphology (regular/irregular), margin (well-defined/ill-de-
fined), deep lobe of parotid invasion (yes/no), retromandib-
ular vein invasion (yes/no), swollen lymph nodes with a di-
ameter of more than 1 cm (yes/no), and the cystic regions 
(central/peripheral). For the acquisition of ADC values and nor-
malized ADC values, the regions of interest (ROIs) were man-
ually drawn for signal intensity measurement of the lesions 
and the normal parotid gland to avoid the vessels and cystic 
parts. We matched 3 ROIs in ADC maps with the area of the 
ROI in conventional MR images, and then the averaged ADC 
values were obtained from 3 ROIs. The normalized ADC val-
ues formula was calculated by using the following equation: 

ADCNormalized values=(ADClesion–ADCnormal gland)/ADCnormal gland ×100%.

ADClesion refers to the ADC value of the lesion; ADCnormal gland re-
fers to the ADC value of the surrounding normal parotid gland.

SWI-MinP were observed for semiquantitative analysis and 
the degree of ITSS was divided into 4 grades on SWI-MinP 
according to previous report [17]: Grade 0, no ITSS; Grade1, 
1~5 dot-like or fine linear ITSSs; grade 2, 6~10 dot-like or fine 
linear ITSSs; and grade 3, ³11 dot-like or fine linear ITSSs. A 
wide range of hypo-intense signals within a lesion was also 

summarized as grade 3 because artifacts were caused by ex-
cessive iron deposition or excessive intralesional hemorrhage.

Statistical analysis

Statistical software (SPSS, version19.0 J for Windows; Chicago, 
IL) was used to analyze the raw data. The normal distribution 
of the measured data was analyzed by Kolmogorov-Smirnov 
test. The independent-samples t test was performed to assess 
tumor diameter, ADC values, and ADCNormalized values between 
benign and malignant lesions. The Mann-Whitney U test was 
used to analyze the significance of ordinal date of ITSS grad-
ing between the 2 groups. Fisher’s exact test was used for 
statistical analysis of morphology, margin, deep lobe of pa-
rotid invasion, retromandibular vein invasion, swollen lymph 
nodes, and the cystic regions between the benign and malig-
nant lesions. Based on a descriptive analysis, we used the lo-
gistic regression model for regression statistical analysis. The 
receiver operating characteristic (ROC) curve was used for an-
alyzing results and determining cut-off values. The sensitivity 
(SE), specificity (SP), and area under the curve were calculated 
from the ROC curve to identify benign and malignant lesions. 
P<0.05 was considered statistically significant.

MRI findings Benign (n=26)  Malignant (n=10) P value

Maximum diameter (cm) 2.56±0.59 4.24±1.99 0.027

Morphology

 Regular 23 2
0.000

 Irregular 3 8

Margin

 Well-define 22 2
0.001

 Ill-define 4 8

Deep lobe of parotid invasion

 Yes 10 8
0.06

 No 16 2

Retromandibular vein invasion 

 Yes 1 7
0.000

 No 25 3

Swollen lymph nodes

 Yes 5 8
0.001

 No 21 2

The cystic regions

 Central 5 6
0.003

 Periphery 20 1

Table 1. Coventional MR imaging findings of benign and malignant parotid lesions.
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Results

We found 26 cases of benign lesions by surgical pathology: 
15 cases of pleomorphic adenoma, 10 cases of Warthin’s tu-
mors, and 1 case of granulomatous inflammation. Malignant 
lesions were found in 10 cases: acinic cell carcinoma in 6 cas-
es and adenoid cystic carcinoma in 4 cases.

Image evaluation of conventional MRI

In 36 lesions (26 benign and 10 malignant), Table 1, Figures 1–3 
and statistical tests showed that the tumor diameter, morphol-
ogy, margin, retromandibular vein invasion, swollen lymph 
nodes and the cystic regions found statistical differences be-
tween the benign and malignant lesions (P<0.05), imaging 

findings were as follows: the tumor diameter of benign le-
sions (2.56±0.59 cm) was significantly smaller than diameters 
of malignant lesions (4.24±1.99 cm). The regular morphology 
(23/26, 88.5%), well-define margin (22/26, 84.6%), and less 
retromandibular vein invasion (1/26, 3.8%) or swollen lymph 
nodes (5/26, 19.2%) of benign lesions were significantly dif-
ferent than those of malignant lesions (3/26, 11.5%), (4/26, 
15.4%), (25/26, 96.2%), and (21/26, 80.8%), respectively. Deep-
lobe parotid invasion was not significantly different between 
benign (10/26, 38.5%) and malignant (8/26, 30.8%) lesions.

Image evaluation of DWI and SWI

The mean ADC values of parotid lesions were no significant-
ly different between malignant and benign lesions (P=0.07), 

A B

Figure 1.  Images in a 28-year-old man with pleomorphic adenoma. A parotid gland tumor is imaged with (A) Apparent diffusion 
coefficient (ADC) map, which illustrates the regions of interest placement for ADC measurements; ADC value is 
1.559×10–3 mm2/S, ADC Normalized value is 79.8%. (B) Intratumoral susceptibility signals (ITSS) map; ITSS is grade 1.

A B

Figure 2.  Images in a 47-year-old man with Warthin’s tumors. A parotid gland tumor is imaged with (A) apparent diffusion coefficient 
(ADC) map, which illustrates the regions of interest placement for ADC measurements, ADC value is 0.604×10–3 mm2/s, 
ADCNormalized value is –31%; (B) Intratumoral susceptibility signals (ITSS) map; ITSS is grade 1.
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while the ADCNormalized values (P=0.026) were significantly dif-
ferent. The mean ADC values and ADCNormalized values were as 
follows: (1.15±0.42)×10–3 mm2/s and (20.8 ± 40.9)% for be-
nign lesions, (0.86±0.38)×10–3mm2/s and (–13.2±34.8)% for 
malignant lesions (Figures 1–3). The Mann-Whitney U test 
showed that the differences in ITSS grading were statistically 
significant between benign and malignant lesions (P=0.003) 
(Figures 1–3; Table 2).

Evaluation of diagnostic value

The optimum thresholds of ADCNormalized values and ITSS de-
rived from the receiver operating characteristic curve were 

–0.45% and grade 2 between benign and malignant lesions. 
Logistic regression analysis indicated that ADCNormalized values 
and ITSS grading were the factors associated with the esti-
mation of malignant lesions (Table 3). When we assigned a 
diagnosis on the basis of ADCNormalized patterns alone and re-
garded “ADCNormalized values <–0.45%” as benign lesions and 
“ADCNormalized values ³–0.45%” as malignant lesions, the SE, SP, 
and AUC values were 65.4%, 70.0%, and 0.750, respectively. 
Moreover, when we assigned a diagnosis on the basis of ITSS 
patterns alone and regarded “ITSS grading 0 or 1” as benign 
lesions and “ITSS grading 2 or 3” as malignant lesions, the SE, 
SP, and AUC values were 70.00%, 84.60%, and 0.787%, respec-
tively. When we integrated ADCNormalized with ITSS, the diagnostic 

A B

Figure 3.  Images in a 58-year-old man with achromatosis of the parotid gland. A parotid gland tumor is imaged with (A) apparent 
diffusion coefficient (ADC) map, which illustrates the regions of interest placement for ADC measurements. ADC value is 
0.805×10–3 mm2/s, ADCNormalized value is –19.7%. (B) Intratumoral susceptibility signals (ITSS) map; ITSS is grade 3.

Benign (n=26)  Malignant (n=10) P value

ITSS

Grade 0 3 0

0.003
Grade 1 19 3

Grade 2 2 4

Grade 3 2 3

ADCNormalized (20.8±40.9)% (–13.2±34.8)% 0.026

Table 2.  Intratumoral susceptibility signals (ITSS) and Normalized apparent diffusion coefficient (ADCNormalized) in benign and malignant 
parotid lesions.

Regression coefficient Standard error Wald P value Odds ratio (95% CI)

ADCNormalized –3.277 1.666 3.869 0.011  0.038 (0.001–0.988)

ITSS 1.582 0.621 6.504 0.049  4.867 (1.442–16.423)

Table 3. Results by logistic regression fitting.

ADCNormalized – normalized apparent diffusion coefficient; ITSS – intratumoral susceptibility signals; CI – confidence interval.
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efficiency was greater than with patterns alone, and the SE, 
SP, and AUC values were 70.00%, 96.15%, and 0.846, respec-
tively (Table 4; Figure 4).

Discussion

The most common benign lesions in the parotid gland are 
pleomorphic adenoma and Warthin’s tumor, but the patholog-
ic origin in malignant lesions is diverse, including adenocystic 
carcinoma, squamous cell carcinoma, mucoepidermoid carci-
noma, and other malignant tumors of epithelial or lymphat-
ic origin [18]. The complexity of the pathological components 
presents difficulties for the characterization of parotid gland 
lesions. With the addition of conventional MRI and functional 
MRI, it may be possible to avoid unnecessary surgery or biop-
sy for lesions in the parotid gland. Therefore, the purpose of 
this study was to assess and compare conventional MRI, DWI, 
and SWI, and the combination DWI and SWI to determine their 
value in diagnosis of parotid gland lesions.

Our study showed that benign parotid lesions were relatively 
smaller with regular morphology, but malignant lesions were 
larger with more irregular morphology and infiltration into sur-
rounding structures, which is similar to findings of previous 
studies [5–7]. In addition, the present study showed that the 
cystic regions of the benign parotid lesions are usually locat-
ed around the tumor, while the cystic region of the malignant 
lesions is located in the center. We speculate that this imaging 
performance is related to the differences of pathological origin 
of the cystic region: the cystic region of the parotid benign le-
sions is caused by degeneration and it can randomly distribute 
around the lesion. Benign parotid lesions grow slowly, so the 
cystic regions caused by ischemic necrosis are often located 
around the lesion where there is less blood supply. When re-
ferring to malignant parotid lesions, its cystic regions are de-
rived from liquefaction of ischemia necrosis, which is caused 
by insufficient blood supply. Angiogenesis in the focal center 
was inadequate for rapid growth of the malignant lesions, so 
the cystic regions distribute in the center [19–22].

The diagnostic value of DWI in the characterization of parotid 
gland lesions is well recognized. Previous studies [8,23] point-
ed out that there were significant differences in ADC values 
among pleomorphic adenoma, Warthin’s tumor, and malig-
nant tumor, while Warthin’s tumor had the lowest ADC val-
ues among these three. Paradoxically, Matsushima et al. [24] 
found considerable limitations and no statistical difference in 
differentiation of benign from malignant parotid lesions by ADC 
values, possibly because Warthin’s tumor has a low ADC value 
due its mucus composition. To the best of our knowledge, the 
values are often influenced by many factors in the process of 
actual measurement in ADC values, such as individual differ-
ences among patients, basal metabolism level, and even fluc-
tuations of respiratory rate. Therefore, our study introduced 
the concept of “ADCNormalized values” to improve the stability of 
ADC values. We found that there were no significant differences 
between benign and malignant parotid lesions on the basis of 
ADC values, agrees with Matsushima et al. [20]. Furthermore, 
ADCNormalized values showed statistically significant differences 
in the differentiation of benign and malignant lesions, with 
the optimal diagnostic threshold of -0.45% (which is close to 
zero), thus, we presented the new idea that “when ADC val-
ues of parotid gland lesions are lower than the surrounding 

Diagnostic patterns AUC Sensitivity (%) Specificity (%)

ITSS 0.787 70.0 84.6

ADCNormalized 0.750 65.4 70.0

ITSS+ ADCNormalized 0.846 70.0 96.15 

Table 4.  The diagnostic performance of intratumoral susceptibility signals (ITSS) and normalized apparent diffusion coefficient (ADC) 
between benign and malignant parotid lesions.

ADCNormalized – normalized apparent diffusion coefficient; AUC – areas under the receiver operating characteristic curve.
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Figure 4.  Receiver operating curve (ROC) in relation to compared 
diagnostic effectiveness of normalized apparent 
diffusion coefficient (ADC), intratumoral susceptibility 
signals (ITSS), and normalized ADC combined with 
ITSS.
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glands, it tends to be malignant, and vice versa”. Obviously, 
the ADCNormalized is more advantageous than other examina-
tion methods, as it allows easy and quantitative evaluations.

ITSS was defined as hypo-intense signal fine dot-like or linear 
area, which is observed in SWI-MinP. ITSS enables semi-quan-
titative differentiation of benign from malignant lesions [17]. 
Our study indicated that benign lesions have a significantly low-
er ITSS grade than malignant ones, with a high degree of ITSS 
(grades 2–3), allowing differentiation of malignant from benign 
lesions. The pathophysiology that produces these differences 
between benign and malignant lesions is possible as follows: 
benign lesions has less hemorrhage because of its rich micro-
vasculature and slow growth, such as inflammatory granulomas 
and pleomorphic adenoma. Vascular architecture abnormali-
ties (e.g., tortuous, hemorrhage, and embolism) of malignant 
lesions all result in an increase in deoxyhemoglobin or ferritin.

Although DWI and SWI each have their own advantages for 
the diagnosis of parotid gland lesions, their utility is limited 
in practical work if not used in combination. Our study was 
based on the signs of the conventional MRI and combined 
DWI and SWI. When we combined normalized ADC with ITSS, 
the diagnostic efficiency was greater than when used alone.
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