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Abstract
Aim of the study: This study aimed to examine the role of superb microvascular imaging and 
shear wave elastography for the pre-surgical evaluation of common parotid tumors. Material 
and methods: This single-center prospective study included 37 patients with parotid gland 
lesions. After institutional review board approval, grayscale, shear wave elastography and 
superb microvascular imaging ultrasound examinations were performed prior to biopsy or 
operation. The diagnosis of the lesions was based on cytological/pathological evaluation 
after the ultrasound examinations. Pleomorphic adenomas and Warthin tumors were com-
pared using the Mann–Whitney U test. A receiver operating characteristic curve analysis 
was performed to obtain a cut-off value. A multivariate regression analysis was carried out. 
Results: The mean age of the patients (11 female, 26 male) was 48.2 ± 18. The shear wave 
elastography parameters of the lesions were not significantly different between pleomorphic 
adenomas and Warthin tumors, while the vascular index obtained by using superb microvas-
cular imaging was significantly different (p = 0.012). The mean vascular index was 2.9 ± 3.1 
in pleomorphic adenomas, and 9.5 ± 9.5 in Warthin tumors. A cut-off value of 4.05 for the 
vascular index discriminated pleomorphic adenoma and Warthin tumors with 68% sensitivity 
and 72% specificity (the area under the curve was 0.768). Conclusion: Superb microvascular 
imaging is a novel ultrasound imaging technique which is useful for the discrimination of 
pleomorphic adenomas and Warthin tumors. 
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is challenging in many cases to differentiate between benign 
and malignant tumors. Also, it is difficult to make a distinction 
between pleomorphic adenomas and Warthin tumors, which 
are the most common parotid gland tumors(2,3).

Shear wave elastography (SWE) is an imaging technique for 
measuring elasticity. It provides data regarding tissue stiffness 
using focused pulses of ultrasound (push pulses) to stress tis-
sues, and obtains quantitative data about tissue stiffness. This 
imaging technique allows measurements of the propagation 
speed of shear waves within the tissue to locally quantify its 
stiffness in kilopascals or meters per second. SWE is a par-
ticularly common sonography technique in superficial organs. 
Previous reports exist in the literature reporting the role of 
SWE in parotid tumors, and also thyroid and breast lesions(2,4–9).

Introduction

The pre-surgical diagnosis of salivary gland tumors con-
sists of challenges despite advances in imaging techniques. 
The surgical treatment of malignant lesions requires more 
radical approaches, thus some patients need to undergo a 
second surgery when the histology of the surgical specimen 
differs from the pre-surgical diagnosis(1).

Ultrasound (US) is a commonly used diagnostic imaging tech-
nique for evaluating parotid glands non-invasively. US shows 
the precise location of tumoral lesions, differentiates solid 
tumors from cystic lesions with avoiding ionizing radiation 
with lower costs. Although grayscale, color and power Doppler 
US show sonographic features of some specific diagnosis, it 
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Superb micro-vascular imaging (SMI) is a novel Doppler ultra-
sound technique designed to overcome the limitations of con-
ventional Doppler US techniques. SMI is used to determine 
microvascular blood flow. SMI decreases signals produced by 
movement, and reveals low-velocity blood flow. As a result, 
both high-velocity and low-velocity blood flow signals establish 
an image in the SMI technique(10). SMI allows the visualiza-
tion of small vascular signals with a high image resolution and 
high frame rate (>50 fps). SMI includes two different modes: 
color SMI (cSMI) and monochrome SMI (mSMI). The cSMI 
mode simultaneously displays conventional grayscale ultra-
sound (US) with color-encoded Doppler signals. The mSMI 
mode suppresses the background signals and focuses only on 
the vascular signals, thus increasing the visibility of vascular 
structures(11,12). To our knowledge, there is only one previous 
study addressing the use of SMI in parotid gland tumors(13).

The present study aimed to describe our preliminary expe-
rience with using cSMI and SWE to evaluate focal parotid 
gland tumors. Conventional sonographic criteria and color 

Doppler US were not evaluated in the study, as they are 
extensively documented in the medical literature.

Materials and methods

PatientsThis prospective study was conducted between 
January 2018 and July 2019. An institutional review board 
approved the study, and written informed consent was 
obtained before performing the US examinations. All con-
secutive patients with histologically or cytologically proven 
parotid gland tumors admitted to a otolaryngology outpa-
tient clinic in the study period were included. Ultrasound, 
SWE and SMI characteristics were compared with the path-
ological diagnosis. The lesions were grouped into benign and 
malignant tumors. In the benign tumor group, the lesions 
were sub-grouped as pleomorphic adenomas and Warthin 
tumors. The pathological results were obtained via surgical 
excision, tru-cut biopsy, and/or fine needle aspiration biopsy. 

US examinations

All US examinations were performed with same US equip-
ment (Aplio 500, Toshiba Medical System Corporation, Tokyo, 
Japan), with a high-frequency (4–14 MHz) linear array trans-
ducer, and by a single radiologist (MO; 12-yearexperience in 
US, 6-year experience in SWE, and 3-year experience in SMI). 
In all the patients, grayscale US, SWE and SMI US exami-
nations were performed before surgery and/or biopsy, in the 
supine position with the head turned to the opposite side. 
Detailed grayscale US examinations were performed, and the 
location, size, cystic and solid parts of tumor were assessed. 

After the grayscale US examination, SWE examination was 
performed. In the split-screen mode, 2D-SWE map (left side) 
and quality mode (right side) were examined. The measure-
ments were conducted when the lines were parallel and 
smooth in quality mode. After stabilization for 5 s, the SWE 
images were frozen and saved. The elasticity range was set 
to 0–50 kPa, and the velocity range was set to 0–8 m/s on 
the standardized setting. Then, a 5–10 mm diameter “region 
of interest (ROI)” was used to take measurements at three 
different points. Three different ROIs were placed to both 
tumor core and the normal appearing parotid gland paren-
chyma. If the tumor consisted of cystic parts, the ROIs were 
placed to the solid parts of the lesion. Fig. 1 demonstrates the 
manner of ROI placement to the tumoral lesion and normal 
parotid gland tissue. When the tumoral lesion covered the 
entire parotid gland, then measurements of the other side of 
the parotid gland were performed. The mean of the three dif-
ferent measured ROIs was calculated. The elasticity and shear 
wave velocity values were recorded. The relative elasticity and 
shear wave velocity values were calculated through dividing 
the lesion values by the normal parotid gland parenchymal 
values. During the examination, a sufficient amount of US gel 
was used, no pressure was applied to the probe, and care was 
taken to make sure that the operator’s hand was not moving.

The cSMI examination was performed after the SWE, 
showing blood flow in a color display. For the sufficient 

Fig. 1. �Three different measurements of elasticity and shear wave 
velocity in a single transverse plane from the tumor core and 
normal appearing parotid gland

Fig. 2. �Measurement of the vascular index during cSMI examina-
tion by lining tumor borders
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patients (26 male, 11 female) were included. All parotid 
lesions were unilateral. The cytological/pathological diag-
noses of the lesions were as follows: 14 pleomorphic adeno-
mas, 16 Warthin tumors, 1 indistinct benign tumor, 1 benign 
lymphoid tissue, 1 adenoid cystic carcinoma, 1 secretory 
carcinoma, 2 non-differentiated carcinomas, and 1 inflam-
matory myofibroblastic tumor. The tissue diagnosis was 
made by surgical excision in 25 tumors, US guided tru-cut 
biopsy in 5, and fine-needle aspiration biopsy in 7 tumors. 
The descriptive analysis including age, gender, elasticity (in 
kilopascals), shear wave velocity (in meters per second) val-
ues of the tumor and normal parotid gland tissue, the area 
of the measured lesion and the vascular index of the tumor 
obtained by cSMI is shown in Tab. 1 and Tab. 2.

In SWE measurements, the mean elasticity of normal 
parotid gland parenchyma was 26.8 ± 21.6, and the mean 
shear wave velocity of normal parenchyma was 2.7 ± 1.1. 
The mean elasticity and shear wave velocity of benign 
lesions were higher in the malignant group. The vascular 
index was lower in the benign group than in the malignant 
group. The mean vascular index was 6.2 ± 7.5 in benign 
lesions, and 4.7 ± 4.5 in malignant lesions. However, 
because of the low number of lesions in the malignant 
group, we did not perform a statistical comparison.

A comparison of pleomorphic adenomas and Warthin 
tumors revealed no significant differences in terms of 
SWE parameters. The vascular index was significantly 

elimination of background color signals, the color gain 
was automatically set to 40dB. In all cases, a window was 
drawn manually lining tumor borders, and the vascular 
index of the tumor was calculated. Three different mea-
surements were taken, and the highest value of the vascular 
index was adopted for evaluation. The measurement of the 
vascular index by c-SMI is demonstrated in Fig. 2.

Statistical analysis

SPSS 21.0 (IBM Corporation, Armonk, New York, USA) 
was used for the analysis of variables. Descriptive statistics 
were expressed as the mean ± SD. Categorical variables 
were tested by Fisher’s exact test. The Mann-Whitney U 
test was used for the comparison of stiffness, velocity and 
VI values between pleomorphic adenomas and Warthin 
tumors. The Spearman correlation analysis was used to 
evaluate the relationship between the VI values, the lesion 
area in mm2, and stiffness and velocity values. The statisti-
cal significance level was defined as 0.05. A receiver oper-
ating characteristic (ROC) curve analysis was performed 
to determine the best cut-off value for the vascular index 
values in pleomorphic adenoma and Warthin tumors. 

Results

The patients were between 6 and 84 years old (mean age: 
48.24 ± 18.08). Thirty-seven parotid gland tumors in 37 

A

B

Fig. 3. �Shear wave elastography (A) and color superb microvascular 
imaging (B) examinations of a 29-year-old female patient ha-
ving a pathologically proven pleomorphic adenoma on the left 
parotid gland. There was no vascular signal in the tumor core

Benign (n = 33) Malignant (n = 4)
Age (mean ± SD) 48.6 ± 16.6 45.0 ± 30.6
Gender (F/M) 11/22 1/3
Tumor volume (mm3) 342 ± 284 401 ± 359
Elasticity (in kilopascals) 47.7 ± 27.3 55.6 ± 17.9
Shear wave velocity  
(in meters per second) 3.6 ± 1.4 4.1 ± 0.8

Relative elasticity 2.6 ± 2.8 5.1 ± 1.4
Relative shear wave 
velocity 1.4 ± 0.81 2 ± 0.4

Vascular index 6.2 ± 7.5 4.7 ± 4.5

Tab. 1. �Cohort characteristics, elasticity, shear wave velocity and 
vascular index values of benign and malignant lesions

Pleomorphic 
adenoma  

(n = 14)

Warthin  
tumor

(n = 16)
p-value

Age (mean ± SD) 41 ± 14.1 58.5 ± 11 ≤0.001*
Gender (F/M) 8/6 1/15 0.002*
Tumor volume (mm3) 304 ± 614 411 ± 267 0.13
Elasticity (in kilopascals) 57.5 ± 31.3 40 ± 21.3 0.11
Shear wave velocity  
(in meters per second) 4.0 ± 1.8 3.3 ± 0.9 0.52

Relative elasticity 3.2 ± 2.6 1.5 ± 0.9 0.64
Relative shear  
wave velocity 1.6 ± 0.8 1.2 ± 0.4 0.22

Vascularity index 2.9 ± 3.1 9.5 ± 9.5 0.012*

Tab. 2. �Cohort characteristics, elasticity, shear wave velocity and 
vascularity index values of benign and malignant lesions
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higher in Warthin tumors than in pleomorphic adenomas  
(p = 0.012). ROC analysis revealed that a cut-off value 
of 4.05 for the vascular index discriminates pleomorphic 
adenoma from Warthin tumors with 68% sensitivity and 
72% specificity (the area under the curve was 0.768). Fig. 3, 
Fig. 4 and Fig. 5 demonstrate the SWE and cSMI ultra-
sound examinations of a pleomorphic adenoma, Warthin 
tumor and adenoid cystic carcinoma lesions, respectively. 

Discussion

The parotid gland is the largest salivary gland in the human 
body. Approximately 80% of salivary gland tumors arise 
in the parotid gland, and approximately 80% of them are 
benign. The most common tumor of the parotid gland is 
pleomorphic adenoma(14). Our study group included 33 
(89.1%) benign lesions, and 4 (11.9%) malignant lesions, 
and this ratio was slightly higher than the rates reported in 
the literature. The most common tumor type in this study 
was Warthin tumor (43.2%).

Physical examination has an important role in the diagnosis 
of parotid gland lesions. US has a great advantage in the diag-
nostic work-up of such lesions because the parotid gland is a 
superficial organ. However, preoperative characterization of 
the lesions is usually challenging(14,15). Sonoelastography is 
an imaging method that evaluates the stiffness and elasticity 
of tissues. It is particularly useful in the assessment of the 

thyroid, breast and superficial salivary glands(16). According 
to the results of this study, in which parotid gland lesions 
were evaluated preoperatively by SWE and SMI, there was 
no significant difference between benign and malignant 
lesions evaluated by SWE. In addition, SWE could not 
distinguish between pleomorphic adenomas and Warthin 
tumors. There are various studies investigating SWE in the 
characterization of parotid tumors in the literature(1,2,17–20).  
In a study conducted by Bhatia et al., it was reported that the 
qualitative elastography score had a poor ability to differen-
tiate between benign and malignant parotid gland lesions(20). 
Wierzbicka et al. reported a sensitivity of 80% and specific-
ity of 45.5% for the elastography score value of 2, 60% and 
69.7% for the elastography score value of 3, and 40% and 
97% for the elastography score value of 4(18). In a study con-
ducted by Herman et al. in 2017, a total of 97 benign and 
28 malignant parotid lesions were evaluated with SWE(1). 
The authors found that the maximum stiffness of the ROI 
alone was a reliable univariate predictor of malignancy  
(ρ = 0.0008), while the minimum stiffness was a fairly good 
predictor. Depending on this result, they created a new 
parameter called the coefficient of stiffness value (CSV) as 
a ratio of maximum and minimum stiffness values. They 
concluded that the CSV was a strong predictor of malig-
nancy (ρ <0.0001) which discriminated malignant and 
benign findings better than any other SWE parameter. The 
measurement of lesion stiffness in their study was different 
from our technique. However, our study group included only  
4 malignant lesions, and so the statistical comparison 

A

B

Fig. 4. �Shear wave elastography (A) and color superb microvascular 
imaging (B) examinations of a 37-year-old female patient ha-
ving a pathologically proven Warthin tumor on the left parotid 
gland. The vascular index of the lesion was 20.6

Fig. 5. �Shear wave elastography (A) and color superb microvascular 
imaging (B) examinations of a 22-year-old female patient ha-
ving a pathologically proven adenoid cystic carcinoma on the 
right parotid gland. The vascular index of the lesion was 11.2

A

B
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parotid gland, but we only measured the vascular index 
of the tumor via drawing the lesion borders. A very recent 
study conducted by Ryoo et al.(13) in 2018 investigated SMI 
in pleomorphic adenoma and Warthin tumors of the sali-
vary glands. The authors of that study graded the inter-
nal vascularity of salivary gland tumors using a 5-point 
scoring system. They concluded that the SMI examination 
increased the level of diagnostic accuracy in the discrimi-
nation of pleomorphic adenomas from Warthin tumors.  
A vascular pattern analysis (vascular distribution and inter-
nal vascularity) based on SMI findings together with gray 
scale sonography can be helpful for distinguishing between 
pleomorphic adenomas and Warthin tumors. They did not 
use the quantitative vascular index in their study. One of 
the advantages of our study is that the quantitative vascular 
index of lesions obtained by cSMI provided less operator 
dependence, and a cut-off value was also provided for dis-
criminating pleomorphic adenomas and Warthin tumors. 

This study also had some limitations. The first major limi-
tation was the small number of lesions in the malignant 
tumor group. Only four of 37 parotid lesions were diag-
nosed as malignant. Another limitation was that some of 
the lesions were not excised surgically. Pathological diag-
noses were made with tru-cut biopsy in 5 lesions, and 
fine-needle aspiration biopsy in 7 lesions. In some cases, 
preoperative fine needle or tru-cut biopsy results might dif-
fer from the exact histopathological results obtained after 
surgical excision. From this point of view, if all the patients 
had undergone surgery, there might be slight differences in 
the pathological results. To our knowledge, this is the first 
study evaluating the role of the vascular index obtained by 
cSMI in the pre-surgical characterization of parotid gland 
tumors. Although this study was performed in a small num-
ber of patients, it is important to note that it is the first 
such study in the literature. Further prospective studies are 
needed in larger patient groups.

Conclusion

SMI is a novel ultrasound technique that is useful in the 
pre-surgical evaluation of tumors of the parotid gland. The 
vascular index determined by cSMI can help to differenti-
ate pleomorphic adenomas from Warthin tumors. We could 
not find a significant difference with SWE between benign 
and malignant parotid tumors, and also pleomorphic ade-
nomas and Warthin tumors did not reveal a difference with 
SWE. 
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between the two groups was not possible. Liu et al. reported 
that the shear wave velocity values of the malignant lesions 
were higher than those of the benign parotid lesions(21). 
However, even though their measurement technique of 
lesion stiffness and elasticity was like in our study, our find-
ings were different from theirs. In another study conducted 
by Bhatia et al., the authors reported that the pleomorphic 
adenomas had significantly higher elasticity values than 
Warthin tumors in their series, inconsistently with our 
results(20). 

In a recent meta-analysis by Zhang et al., a total of 10 stud-
ies (711 patients and 725 parotid gland lesions) investigat-
ing SWE in parotid tumors were evaluated(22). The authors 
concluded that sonoelastography had a limited and non-
satisfactory value in the differential diagnosis between 
malignant and benign parotid lesions. Also, they indicated 
that quantitative and semi-quantitative SWE methods per-
formed better than qualitative ones. The result of our study 
is consistent with the findings of this recent meta-analysis.

In the comparison of pleomorphic adenomas and Warthin 
tumors in terms of age and gender, the male gender was 
significantly higher in the Warthin tumor group (M/F = 
15/1), however no difference was recorded in the pleomor-
phic adenoma group. The patients with Warthin tumor 
were older than the patients having pleomorphic adeno-
mas. The results are consistent with previous studies found 
in the literature(23,24).

SMI has been described in the current literature as a novel 
non-invasive diagnostic imaging technique that enables 
tissue vessel imaging without using intravenous contrast 
medium. The SMI technique visualizes low-velocity blood 
flow in the capillaries with reducing motion artifacts(25). 
The results of this study show that the vascular index 
obtained using cSMI is a helpful tool in the presurgical 
evaluation of parotid gland tumors, particularly for dif-
ferentiating pleomorphic adenoma and Warthin tumors. 
To our knowledge, only a few reports can be found in the 
literature which evaluate the role of SMI in parotid gland 
tumors. Previous studies with SMI have addressed thyroid 
gland, lymph nodes, testes, and breast lesions(10,13,25–29).

Previous studies available in the literature which evaluated 
the vasculature of parotid gland tumors commonly used 
color and/or power Doppler as the US imaging modality. 
Those studies commonly found that Warthin tumors were 
more vascular compared to pleomorphic adenomas(19,30). 
However, color and power Doppler US exhibit qualitative 
scores for lesion vascularity. cSMI is more advantageous, 
as it provides quantitative values. In a recent study by 
Caliskan et al.(31), the normal quantitative vascular index 
values of parotid glands in children and adolescents were 
reported. According to their results, the vascular index 
was 5 ± 1.7 in the right parotid gland, and 4 ± 1.7 in the 
left parotid gland. We did not perform SMI to the normal 
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