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 Background: The aim of this study was to evaluate the clinical diagnostic value of superb microvascular imaging (SMI) in 
assessing vascular distribution, vascularity, and vessel morphology of parotid tumors (PTs).

 Material/Methods: PT patients confirmed by postoperative histopathological detection and who underwent color Doppler flow 
imaging (CDFI), microvascular imaging (MVI), and SMI examination were recruited. PTs were classified into 3 
groups: pleomorphic adenoma (PA), Warthin tumor (WT), and malignant PT (MT). The tumor vascular distribu-
tion, vascularity, and vessel morphology recorded by CDFI, MVI, and SMI were compared among PA, WT, and 
MT group. PT diagnosis was performed using histopathological detection. Fisher’s exact test was used to com-
pare the diagnostic sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV), and 
accuracy between SMI and MVI examination in PTs.

 Results: We enrolled 198 PTs consisting of 114 PAs, 56 WTs, and 28 MTs into our study. CDFI examination found no 
significant differences in vascular distribution and vascularity among the PA, WT, and WT groups. SMI exam-
ination found significant differences in vascular distribution and vascularity among the 3 groups. MVI found 
significant differences in vessel morphology, including uneven distribution of blood flow, arborization, and ir-
regular blood flow among the PA, WT, and MT groups. SMI found significant differences in arborization and ir-
regular blood flow, but none of the differences in uneven distribution of blood flow among the 3 groups were 
significant. The diagnostic sensitivity, specificity, and accuracy of SMI and MVI in PTs showed no significant 
differences.

 Conclusions: SMI more accurately evaluated the vascular distribution and vascularity of PTs than CDFI. SMI might be a po-
tential non-invasive diagnostic method for PTs in clinical practice.
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Background

Parotid tumors (PT) account for 80% of salivary gland tumors 
in clinical practice [1,2], of which 80–85% are benign tumors 
and 15–20% are malignant tumors (MT). Benign tumors con-
sist of pleomorphic adenomas (PA) and Warthin tumors (WT), 
and malignant tumors consist of mucoepidermoid carcinoma, 
adenoid cystic carcinoma, and acinar cell carcinoma [3,4]. 
There are great differences in treatment and long-term prog-
nosis among PA, WT, and MT patients. Patients with PA or WT 
commonly undergo superficial parotidectomy/total parotidec-
tomy and preservation of facial nerves. Malignant evolution 
occurs in 2–25% of untreated PA patients, and 50% of PA pa-
tients who undergo parotidectomy have cancer relapse [5–8]. 
Malignant evolution is occurred in less than 1% WT patients, 
and less than 2% of patients who underwent parotidectomy 
have tumor relapse [5,9,10]. MT patients are usually treated 
with total parotidectomy (with postoperative chemo/radiother-
apy), which can result in complete facial paralysis if the facial 
nerve needs to be resected along with the parotid lobes. PTs 
are characterized by heterogeneity, and there is a lack of spe-
cific clinical manifestations among different subtypes of PTs. 
Therefore, it is difficult to precisely diagnose different patho-
logical types of PTs before surgery through non-invasive im-
aging methods.

Color Doppler flow imaging (CDFI) is the most commonly used 
examination for detecting blood flow signals in PTs. Contrast-
enhanced ultrasound microvascular imaging (MVI) has high 
sensitivity in detection of microvascular perfusion, which can 
improve the diagnostic accuracy of solid tumors [11–13], but 
it is cost-expensive and time-consuming. Superb microvascu-
lar imaging (SMI) is a new ultrasound technology that can de-
tect the signals of low-velocity blood flow without contrast en-
hancement in breast, thyroid, liver, and kidney tumors, which 
is economical and time-saving [14–19].

In this study, the vascular distribution, vascularity and vessel 
morphology of PTs were detected by SMI and were compared 
with that of MVI to assess the diagnostic value of SMI. Our 
work may provide the theoretical foundation for non-invasive, 
ultrasonic diagnosis of PTs.

Material and Methods

Ethics

This study was approved by the Ethics Committee of Tianjin 
Medical University Cancer Institute and Hospital (No. 
bc2019095). All patients provided signed informed consent.

Patients

We enrolled 182 patients (198 parotid gland tumors) who un-
derwent parotidectomy from September 2016 to August 2018 
in our hospital. The inclusion criteria were: (1) lesions in pa-
rotid gland were detected; (2) the clinical, ultrasonic, and path-
ological data of the patients were recorded; (3) PA, WT, and 
MT were confirmed by postoperative histopathological detec-
tion; and (4) patients did not receive treatment before admis-
sion. The exclusion criteria were: (1) patients did not receive 
surgical treatment; (2) patients with parotid cystic neoplasm; 
(3) missing data on SMI or MVI images.

Imaging

All sonographic scanning was operated by 2 experienced radiol-
ogists using an Aplio 500 device (Toshiba Medical Systems, 
Tokyo, Japan) and a PLT-805AT high-frequency probe at 
7.0~12.0 MHz.

All patients underwent ultrasound examination within 3 days 
before surgery, including 2-dimensional (2D) ultrasound, CDFI, 
MVI, and SMI. SMI images included gray-scale mode (mSMI) 
and color mode (color, cSMI). The patients were in supine po-
sition to expose the entire parotid and submandibular gland 
area. The location, lesion size, boundary, shape, and internal 
echoes of tumors were recorded by 2D ultrasound. CDFI, cSMI, 
and mSMI were used to detect the signals of blood flow, and 
the color gain was adjusted to detect signals of small vessels. 
The speed scale of SMI was 0.8–1.2 cm/s. The sampling frame 
contained the tumor and its surrounding 1-cm area. During im-
aging scanning, tumors should not be pressurized, and patients 
should breathe calmly and avoid swallowing. Based on the tu-
mor localization detected by 2D ultrasound, the SMI software 
was used to scan tumors from multiple angles and sections. 
The images of the tumor section with the largest diameter and 
the most abundant blood flow were saved; the vascular dis-
tribution, vascularity, and vessel morphology of tumors were 
recorded using cSMI and mSMI modes.

The definition of vascular distribution, vascularity, and 
vessel morphology

The vascular distribution in PTs was classified as avascular type 
with absent blood flow signals being found in tumors, central 
type with blood flow signals being found in tumors, periph-
eral type with blood flow signals being found in the periph-
ery of tumors, and mixed type with blood flow signals being 
found in both periphery and center of tumors.

The vascularity of tumors were graded by Adler’s method [14], 
which includes Grade 0 (absence of blood flow signals), Grade 1 
(small blood flow with 1–2 shape of dot or line blood flow 
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signals), Grade 2 (medium blood flow with 3–4 dotted blood 
flow signals/1 linear signal throughout the tumor), and Grade 3 
(abundant blood flow with more than 5 dotted low-flow sig-
nals or 2 linear signals, and blood flow is tortuously and un-
evenly distributed).

Vessel morphology consisted of: (1) unevenly distributed blood 
flow signal; (2) arborization-like blood flow; and (3) irregularly 
distributed blood flow, such as the abnormal branching of blood 
flow with no branch, vascular malformations, uneven thick-
ness, and tortuously distributed blood flow [5].

MVI examination

We injected 2.4 ml SonoVue microbubbles (Bracco company) 
into the patients’ elbow superficial vein, then 5.0 ml normal 
saline was injected. The targeted longitudinal tumor section 
was observed for more than 3 min. For patients with multiple 
target lesions, if the lesions could not be simultaneously dis-
played in the same section, we waited 6–10 min after angi-
ography until the contrast agent completely disappeared be-
fore performing the next lesion examination.

Statistical analysis

SPSS 23.0 software (IBM, Corporation, Armonk, NY) was used 
for statistical analysis. The chi-square test was used to calcu-
late differences in vascular distribution, vascularity, and ves-
sel morphology among the 3 groups. P<0.05 was considered 
as significant difference.

Based on conventional ultrasound characteristics, tumors 
with clear boundary, regular morphology, and arborization of 
blood flow distribution were diagnosed as benign PTs, while 
tumors with unclear boundary, irregular morphology, abnormal 
branching, and tortuous blood flow were diagnosed as malig-
nant tumors. Histopathology was the criterion standard for as-
sessing diagnostic sensitivity, specificity, negative predictive 
value (NPV), positive predictive value (PPV), and accuracy of 
malignant tumors examined by CDFI, SMI, and MVI. Fisher’s ex-
act test was used to compare the diagnostic sensitivity, speci-
ficity, NPV, PPV, and accuracy between SMI and MVI in PTs.

Results

Basic characteristics of patients

Among the 182 patients, there were 96 males and 86 females; 
the mean age was 50.17 years (range, 7–77 years). The size 
of the PTs ranged from 0.8 cm to 8.2 cm, with an average of 
2.96±1.12 cm. The 198 PTs confirmed by postoperative histo-
pathological examinations consisted of 170 benign tumors 

(114 PA and 56 WT) and 28 MTs (8 adenoid cystic carcino-
mas, 6 mucoepidermoid carcinomas, 6 acinar cell carcinomas, 
5 carcinoma ex pleomorphic adenoma, 2 squamous cell carci-
nomas, and 1 basal cell adenocarcinoma).

Comparison of basic tumor characteristics among the 3 
groups by CDFI data

As Table 1 shows, the mean ages of patients in the PA, WT, 
and MT groups were 45.76 years, 58.77 years, and 47.82 years, 
respectively. There were 114, 56, and 28 tumors in the PA, WT, 
and MT groups, respectively. The tumor localization and mor-
phology were preliminarily assessed by CDFI examination. In 
the PA group, 81 tumors had regular morphology, 97 tumors 
had clear boundary, and 65 tumors had homogenous internal 
echoes. In the WT group, 42 tumors had regular morphology, 
47 tumors had clear boundary, and 23 tumors had homoge-
nous internal echoes. In the MT group, 6 tumors had regular 
morphology, 5 tumors had clear boundary, and 11 tumors had 
homogenous internal echoes. We found significant differences 
in regular morphology and clear boundary among the PA, WT, 
and MT groups, but there were no significant differences in 
homogenous internal echoes among the 3 groups.

Difference in vascular distribution and vascularity among 
the 3 groups by SMI and CDFI detection

CDFI examination did not show any significant differences in 
vascular distribution (Table 2) and vascularity (Table 3) among 
the PA, WT, and MT groups (P>0.05). However, SMI examina-
tion showed significant differences in vascular distribution 
(Table 2) and vascularity (Table 3) among the 3 groups (P<0.05). 
SMI detection showed that 70.1% of PAs were peripheral or 
mixed types, 71.4% of WTs were central and mixed types, and 
67.8% of MTs were central or mixed types (Table 2). SMI de-
tection found that 67.6% of PAs were Grade 0 and Grade 1, 
73.3% of WTs were Grade 2 and Grade 3, and 67.9% of MTs 
were Grade 2 and Grade 3 (Table 3).

Comparison of vascularity and vessel morphology in PTs 
as detected by SMI and MVI

SMI found that 19 tumors were Grade 0, 68 tumors were 
Grade 1, 52 tumors were Grade 2, and 59 tumors were Grade 3 
(Table 4). MVI showed that 6 tumors were Grade 0, 73 tumors 
were Grade 1, 54 tumors were Grade 2, and 65 tumors were 
Grade 3. The positive rate of Grade 1, Grade 2, and Grade 3 
as detected by MVI was higher than that by SMI (36.9% vs. 
34.3%, 27.3% vs. 26.3%, and 32.8% vs. 29.8%, respectively), 
but the differences were not significant (P<0.01).

As Table 5 shows, 77.2% of PAs, 84.9% of WTs, and 96% of 
MTs had uneven distribution, and the differences among 
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3 groups were not significant. Arborization was present in 
18.8% of PAs, 32.0% of MTs, and 49.1% of WTs. Abnormal 
branching of blood flow was present in 20.8% of PAs, 28.3% 
of MTs, and 64.0% of WTs. SMI examination showed that tor-
tuous blood flow in vessel morphology was present in 11.9% 
of PAs, 20.8% of WTs, and 60% of MTs, and the differences 
among the 3 groups not significant.

MVI examination found uneven distribution in 79.6% of PAs, 
91.1% of WTs, and 96.4% of MTs; arborization was found in 

22.2% of PAs, 32% of MTs, and 53.5% of WTs; abnormal branch-
ing of blood flow was found in 15.7% of PAs, 19.6% of MTs, 
and 53.6% of WTs; and tortuous blood flow in vessel morphol-
ogy was found in 7.4% of PAs, 16.1% of WTs, and 50% of MTs, 
the differences among 3 groups were not significant (Table 5).

The diagnostic efficacy of SMI and MVI examinations

CDFI examination found that 152 tumors were diagnosed as 
benign PTs and 46 tumors were malignant PTs; the diagnostic 

Vascular distribution PA WT MT c2 value P-value

CDFI

Avascular type 39/34.2% 8/14.3% 7/25.0% 11.033 0.087

Peripheral type 36/31.6% 16/28.6% 8/28.6%

Central type 28/24.6% 21/37.5% 8/28.6%

Mixed type 11/9.6% 11/19.6% 5/17.9%

SMI

Avascular type 13/11.4% 3/5.4% 3/10.7% 14.670 0.023

Peripheral type 51/44.7% 13/23.2% 6/21.5%  

Central type 21/18.4% 19/33.9% 9/32.1%

Mixed type 29/25.4% 21/37.5% 10/35.7%  

Table 2. Comparison of vascular distribution among three groups by CDFI and SMI.

PA – pleomorphic adenoma; WT – Warthin tumor; MT – malignant tumors; CDFI – color Doppler flow imaging; SMI – superb 
microvascular imaging.

Parameter PA WT MT c2 value P-value

Patient

 No. of patients 105 49 28

 Mean age (years) 45.76±15.47 58.77±9.54 47.82±16.44 0.000

 Gender (male/female) 40/65 38/11 18/10 22.635 0.000

Lesion

0.000 No. of lesions 114 56 28

 Mean size (cm) 2.68±1.00 3.21±0.94 3.37±1.25

 Feature of gray-scale

Regular morphology 

0.000 With 81 42 6 27.717

 Without 33 14 22

Clear boundary

0.000 With 97 47 5 57.714

 Without 17 9 23

Homogenous internal echoes 

0.070 With 65 23 11 5.317

 Without 49 33 17

Table 1. The basic characteristic of PA, WT and MT groups.

PT – parotid tumor; PA – pleomorphic adenoma; WT – Warthin tumor; MT – malignant tumors.
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sensitivity was 71.4% (20/28), the specificity was 78.8% 
(134/170), and the accuracy was 77.8% (154/198) (Table 6). 
SMI examination found that 159 tumors were benign and 39 
tumors were malignant PTs; the diagnostic sensitivity, specific-
ity, and accuracy were 82.1%, 93.5% and 89.4%, respectively. 
MVI examination found that 163 tumors were diagnosed as 
benign PTs and 35 tumors were malignant PTs; the diagnostic 
sensitivity, specificity, and accuracy were 89.3%, 94.1%, and 
93.4%, respectively. The diagnostic accuracies of SMI and MVI 
examinations were obviously higher than that of CDFI exam-
ination. The diagnostic accuracy of SMI was similar to that of 
MVI, and there were no significant differences between SMI 
and MVI in diagnostic sensitivity, specificity, PPV, NPV, or ac-
curacy in PTs.

Discussion

Angiogenesis plays vital roles in cell growth, cell invasion, and 
cell metastasis of PTs. The vessel morphology and vascular dis-
tribution in benign and malignant PTs are distinct. The vascular 

characteristics are closely related to the malignant degree of 
PTs. However, conventional CDFI examination cannot assess 
the vascular characteristics of tumors.

Previous studies found that contrast-enhanced ultrasound 
MVI has high performance in detecting characteristics of tu-
mor microvascular, such as vascular distribution, vascularity, 
and vessel morphology. However, the high cost and sensiti-
zation risk of contrast agents limit the clinical application of 
MVI. SMI is a new Doppler technique with high performance 
for detecting low-speed blood flow signals [20].

In the present study, we found that the tumor characteristics 
were distinct among the PA, WT, and MT groups. Most PAs and 
WTs presented expansive growth to squeeze the surrounding 
tissues. Most PAs (97/105) and WTs (47/49) had clear bound-
aries. MTs were characterized by aggressive growth with ir-
regular morphology and unclear boundaries. With CDFI exam-
ination, there were no significant differences in homogenous 
internal echoes, vascular distribution, and vascularity among 
the PA, WT, and MT groups, and CDFI could not distinguish the 

Grade PA WT MT c2 value P-value

CDFI

0 39/34.2% 8/14.3% 7/25.0% 12.458 0.052

1 40/35.1% 18/32.1% 8/28.6%

2 23/20.2% 16/28.6% 7/25.0%

3 12/10.5% 14/25.0% 6/21.4%

SMI

0 13/11.4% 3/5.4% 3/10.7% 16.239 0.013

1 50/43.9% 12/21.4% 6/21.4%

2 27/23.7% 17/30.4% 8/28.6%

3 24/21.1% 24/42.9% 11/39.3%

Table 3. Comparison of vascularity based on Adler’s method among three groups by CDFI and SMI.

PA – pleomorphic adenoma; WT – Warthin tumor; MT – malignant tumors. CDFI – color Doppler flow imaging; SMI – superb 
microvascular imaging.

MVI
SMI

Total
Grade 0 Grade 1 Grade 2 Grade 3

Grade 0 6 0 0 0  6 (3.0%)

Grade 1 13 54 6 0  73 (36.9%)

Grade 2 0 10 39 5  54 (27.3%)

Grade 3 0 4 7 54  65 (32.8%)

Total 19 (9.6%) 68 (34.3%) 52 (26.3%) 59 (29.8%)  198

Table 4. Comparison of vascularity based on Adler’s method of PTs by SMI and MVI.

PT – parotid tumors; SMI – superb microvascular imaging; MVI – microvascular imaging.
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real signals of low-velocity blood flow from imaging noise. SMI 
showed that vascular distribution and vascularity were signif-
icantly different among the PA, WT, and MT groups.

The distinct vascular distribution and vascularity among the 3 
groups might be the result of distinct histogeneses. Abundant 
blood flow is commonly distributed in PA abundant tumor 
cells, and absent/small blood flow is commonly distributed 
in PA with abundant stroma cells. In our study, under SMI 

examination, 70.1% of PAs were peripheral or mixed types 
and 67.6% of PAs had small and medium blood flow. WT orig-
inates from the parotid lymph node. The blood flow in WT is 
commonly characterized by arborization. Stimuli cause adeno-
matous hyperplasia of parotid lymph node with lymphoid cell 
infiltration and abundant blood flow [21]. Under SMI exami-
nation, 73.3% of WTs were central type and mixed type, and 
71.4% of WTs had medium and abundant blood flow signals. 
A higher malignant degree in WTs was associated with more 

Vessel morphology PA WT MT c2 value P-value

Vessels in tumor

 SMI 101 53 25

 MVI 108 56 28

Uneven distribution    

 SMI 78/77.2% 45/84.9% 24/96.0% 5.207 0.074

 MVI 86/79.6% 51/91.1% 27/96.4% 7.067 0.029

Arborization

 SMI 19/18.8% 26/49.1% 8/32.0% 15.336 0.000

 MVI 24/22.2% 30/53.5% 10/35.7% 16.667 0.000

Irregular
Abnormal branching of blood flow

 SMI 21/20.8% 15/28.3% 16/64.0% 18.172 0.000

 MVI 17/15.7% 11/19.6% 15/53.6% 16.549 0.000

Tortuous blood flow

 SMI 12/11.9% 11/20.8% 15/60.0% 27.758 0.000

 MVI 8/7.4% 9/16.1% 14/50.0% 29.794 0.000

Table 5. Comparison of vessel morphology of among three groups by SMI and MVI.

PT – parotid tumors; PA – pleomorphic adenoma; WT – Warthin tumor; MT – malignant tumors; SMI – superb microvascular imaging; 
MVI – microvascular imaging.

Detection Sensitivity Specificity
Positive-prediction 

value
Negative-prediction 

value
Accuracy

CDFI
71.4%
(20/28)

78.8%
(134/170)

33.9%
(20/56)

94.4%
(134/142)

77.8%
(154/198)

SMI
82.1%
(23/28)

93.5%
(154/170)

67.6%
(23/39)

96.9%
(154/159)

89.4%
(177/198)

MVI
89.3%
(25/28)

94.1%
(160/170)

71.4%
(25/35)

98.2%
(160/163)

93.4%
(185/198)

P-value 0.705 0.308 0.332 0.498 0.209

Table 6. The diagnostic efficacy of SMI and MVI examination.

PT – parotid tumor; PA – pleomorphic adenoma; WT – Warthin tumor; MT – malignant tumors; CDFI – color Doppler flow imaging; 
SMI – superb microvascular imaging; MVI – microvascular imaging.
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abundant blood flow signals. SMI showed that 67.8% of MTs 
were central and mixed type, and 67.9% had medium and 
abundant blood flow signals.

Our study results were both consistent with and different 
from the results of previous studies. One study [22] found no 
significant differences in vascular distribution and vascularity 
among PA, WT, and MT, while another study [23] reported sig-
nificant differences in vascularity between PA and WT, and 
did not find any significant differences in vascular distribution 
among PA, WT, and MT. Miao et al. [8] and Ryoo et al. [23] re-
ported significant differences in vascular distribution and vas-
cularity between PA and WT. Ryoo et al. [8] found that blood 
flow was absent in 73.7% of PAs, and most WTs were Grade 0 
and Grade 3 with avascular type and central type under pow-
er Doppler sonography examination. SMI examination showed 
there was no blood flow in 68.4% of PAs, and most WTs were 
Grade 3 with central type and mixed type. The diagnostic ac-
curacy of SMI combined with gray-scale ultrasound was obvi-
ously higher than that of Doppler sonography combined with 
gray-scale ultrasound in PAs and WTs. In our study, SMI showed 
that 11.4% of PAs had no blood flow, which was significantly 
lower than Ryoo reported, which might be due to possible se-
lection bias and the different ultrasonic instrument parame-
ters used. Ryoo used the speed scale to 2 cm/s, which might 
have caused loss of some blood flow signals at low velocity. 
We used speed scale less than 1.4 cm/s in the present study.

Compared with conventional CDFI, SMI detection had signifi-
cantly better diagnostic sensitivity and accuracy of PT (71.4% vs. 
82.1%, 77.8% vs. 89.4%). We analyzed the reasons for the sig-
nificant increase in the diagnostic efficacy of SMI. CDFI showed 
that 31 tumors were Grade 0 and 15 tumors were Grade 1, 
but SMI showed that 11 tumors were Grade 2 and 5 tumors 
were Grade 3. CDFI showed that 11 benign tumors were di-
agnosed as Grade 1 and 6 benign tumors were diagnosed as 
Grade 2, and these tumors were detected as Grade 3 under 
SMI detection. Two malignant tumors with Grade 1 and 3 ma-
lignant tumors with Grade 2 were detected by CDFI, but were 
shown to be Grade 3 under SMI detection. Thirty-one tumors 
showed avascular type under CDFI detection, while 22 of 31 
tumors were peripheral type, 6 tumors were central type and 
3 tumors were mixed type in SMI examination. Ten tumors 
were detected as benign tumors with peripheral type in CDFI 
examination, and those 10 tumors were shown as mixed type 

in SMI examination. Six benign tumors displayed mixed type 
in CDFI examination but displayed central types in SMI exam-
ination. Among 5 malignant tumors, 1 was avascular type, 2 
were peripheral type, and 2 were central type in CDFI exam-
ination, whereas SMI showed these 5 tumors were all mixed 
type. SMI could clearly and completely display the low-velocity 
blood flow inside of tumors.

We found significant differences among PAs, WTs, and MTs in 
arborization, abnormal branching of blood flow, and tortuous 
blood flow under both SMI and MVI examinations. A higher 
degree of tumor malignancy was associated with poorer path-
ological angiogenesis and more abnormal blood flow signals. 
Statistical data showed that the diagnostic sensitivity, specific-
ity, and accuracy of MVI were slightly higher than that of SMI. 
MVI had higher sensitivity in blood flow signals than SMI, but 
SMI was better in clearly displaying vessel morphology (ab-
normal branching, tortuous blood flow). The limitation of MVI 
is requiring contrast agent and difficulty in scanning multiple 
lesions in the same section. However, the difference in diag-
nostic efficacy between SMI and MVI was not significant, and 
SMI has better safety and non-invasiveness, as well as being 
cheaper, and it might be a feasible, non-invasive method for 
PT diagnosis in clinical practice.

There are some limitations in our work. Firstly, the pathological 
types of MTs in this study were diverse, but the number of cases 
in each group was small, which limited the ability to study sub-
groups of MTs. Secondly, only patients with PAs, WTs, and MTs 
were enrolled into our study, and we did not include other rare 
benign tumors due to the small number of cases. Thirdly, vascu-
lar distribution under SMI and MVI examination was preliminar-
ily studied, but time-intensity curves were not further analyzed.

Conclusions

Compared with CDFI, SMI can more effectively display vas-
cular distribution, vascularity, and vessel morphology of PTs. 
The diagnostic efficacy of SMI in PTs was comparable to that 
of MVI. SMI might have a high application value in clinical di-
agnosis and decision-making for treatment. However, the ap-
plication of SMI examination in blood flow detection of PTs is 
still in the preliminary stage in clinical practice, and research 
with larger sample size of PT patients are needed.

e921813-7
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Zhao L. et al.: 
Diagnostic value of SMI in PT
© Med Sci Monit, 2020; 26: e921813

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



References:

 1. Maahs GS, Oppermann Pde O, Maahs LG et al: Parotid gland tumors: A ret-
rospective study of 154 patients. Braz J Otorhinolaryngol, 2015; 81: 301–6

 2. Gandolfi MM, Slattery W 3rd: Parotid gland tumors and the facial nerve. 
Otolaryngol Clin North Am, 2016 ;49: 425–34

 3. Kato H, Kanematsu M, Watanabe H et al: Salivary gland tumors of the pa-
rotid gland: CT and MR imaging findings with emphasis on intratumoral 
cystic components. Neuroradiology, 2014; 56: 789–95

 4. Okahara M, Kiyosue H, Hori Y et al: Parotid tumors: MR imaging with path-
ological correlation. Eur Radiol, 2003; 13(Suppl. 4): L25–33

 5. Park JH, Choi CY, Wee SY, Lee YM: A better facial contour accomplished by 
parotid duct preserving superficial parotidectomy. Arch Craniofac Surg, 
2018; 19: 75–78

 6. Erickson LA: Pleomorphic adenoma in the parotid gland. Mayo Clin Proc, 
2017, 92: e55–56

 7. Kicinski K, Mikaszewski B, Stankiewicz C: Risk factors for recurrence of pleo-
morphic adenoma. Otolaryngol Pol, 2016; 70: 1-7

 8. Ryoo I, Suh S, Lee YH et al: Vascular pattern analysis on microvascular so-
nography for differentiation of pleomorphic adenomas and warthin tumors 
of salivary glands. J Ultrasound Med, 2018; 37: 613–20

 9. Espinoza S, Felter A, Malinvaud D et al: Warthin’s tumor of parotid gland: 
Surgery or follow-up? Diagnostic value of a decisional algorithm with func-
tional MRI. Diagn Interv Imaging, 2016; 97: 37–43

 10. Lee DH, Yoon TM, Lee JK, Lim SC: Extracapsular dissection for Warthin tu-
mor in the tail of parotid gland. Acta Otolaryngol, 2017; 137: 1007–9

 11. Li Q, Hu M, Chen Z et al: Meta-analysis: Contrast-enhanced ultrasound ver-
sus conventional ultrasound for differentiation of benign and malignant 
breast lesions. Ultrasound Med Biol, 2018; 44: 919–29

 12. Ishii T, Numata K, Hao Y et al: Evaluation of hepatocellular carcinoma tu-
mor vascularity using contrast-enhanced ultrasonography as a predictor 
for local recurrence following radiofrequency ablation. Eur J Radiol, 2017; 
89: 234–41

 13. Vaz PG, Humeau-Heurtier A, Figueiras E et al: Laser speckle imaging to 
monitor microvascular blood flow: A review. IEEE Rev Biomed Eng, 2016; 
9: 106–20

 14. Park AY, Seo BK, Woo OH et al: The utility of ultrasound superb microvas-
cular imaging for evaluation of breast tumour vascularity: Comparison with 
colour and power Doppler imaging regarding diagnostic performance. Clin 
Radiol, 2018; 73: 304–11

 15. Ahn HS, Lee JB, Seo M et al: Distinguishing benign from malignant thyroid 
nodules using thyroid ultrasonography: Utility of adding superb microvas-
cular imaging and elastography. Radiol Med, 2018; 123: 260–70

 16. Dubinsky TJ, Revels J, Wang S et al: Comparison of superb microvascular 
imaging with color flow and power Doppler imaging of small hepatocellu-
lar carcinomas. J Ultrasound Med, 2018; 37: 2915–24

 17. Mu J, Mao Y, Li F et al: Superb microvascular imaging is a rational choice 
for accurate Bosniak classification of renal cystic masses. Br J Radiol, 2019; 
92: 20181038

 18. Lee DH, Lee JY, Han JK: Superb microvascular imaging technology for ultra-
sound examinations: Initial experiences for hepatic tumors. Eur J Radiol, 
2016; 85: 2090–95

 19. Jiang ZZ, Huang YH, Shen HL, Liu XT: Clinical applications of superb micro-
vascular imaging in the liver, breast, thyroid, skeletal muscle, and carotid 
plaques. J Ultrasound Med, 2019; 38(11): 2811–20

 20. Yongfeng Z, Ping Z, Wengang L et al: Application of a novel microvascular 
imaging technique in breast lesion evaluation. Ultrasound Med Biol, 2016; 
42: 2097–105

 21. Thoeny HC: Imaging of salivary gland tumours. Cancer Imaging, 2007; 7: 
52–62

 22. Yuan WH, Hsu HC, Chou YH et al: Gray-scale and color Doppler ultrasono-
graphic features of pleomorphic adenoma and Warthin’s tumor in major 
salivary glands. Clin Imaging, 2009; 33: 348–53

 23. Miao LY, Xue H, Ge HY et al: Differentiation of pleomorphic adenoma and 
Warthin’s tumour of the salivary gland: is long-to-short diameter ratio a 
useful parameter? Clin Radiol, 2015; 70: 1212–19

e921813-8
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Zhao L. et al.: 
Diagnostic value of SMI in PT

© Med Sci Monit, 2020; 26: e921813
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


