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ABSTRACT

Objectives Preoperative differentiation between benign par-
otid tumors (BPT) and malignant parotid tumors (MPT) is cru-
cial for treatment decisions. The purpose of this study was to
investigate the benefits of combining contrast-enhanced ul-

trasound (CEUS) and strain elastography (SE) for preoperative
differentiation between BPT and MPT.

Methods A total of 115 patients with BPT (n=72) or MPT
(n=43) who underwent ultrasound (US), SE, and CEUS were
enrolled. US and CEUS features and the elasticity score were
evaluated. Receiver operating characteristic curve (ROC) anal-
ysis was used to assess the diagnostic performance of SE,
CEUS, and SE + CEUS with respect to identifying MPT from
BPT.

Results Solitary presentation, larger diameter, irregular
shape, ill-defined margin, heterogeneous echogenicity, and
calcification on US and higher elasticity score on SE had a sig-
nificant association with malignancy. MPT also presented an
unclear margin, larger size after enhancement, and “fast-in
and fast-out” pattern on CEUS. The combination of SE and
CEUS was effective for differentiating MPT from BPT (AUC:
0.88, 0.80-0.95), with a sensitivity of 86.0%, specificity of
88.9 %, and accuracy of 87.8 %, which were significantly high-
er than the values for SE (AUC: 0.75, 0.66-0.85) and CEUS
(AUC: 0.82, 0.73-0.91) alone.

Conclusion The combination of CEUS and SE is valuable for
distinguishing MPT from BPT.

ZUSAMMENFASSUNG

Ziel Die praoperative Differenzierung zwischen benignen Par-
otistumoren (BPT) und malignen Parotistumoren (MPT) ist
malRgeblich fir die Behandlungsentscheidung. Ziel dieser Stu-
die war es, den Nutzen einer Kombination aus kontrastver-
starktem Ultraschall (CEUS) und Strain-Elastografie (SE) zur
prdoperativen Differenzierung von BPT und MPT zu untersu-
chen.

Methoden Insgesamt wurden 115 Patienten mit BPT (n=72)
oder MPT (n =43) eingeschlossen, die sich einer Ultraschallun-
tersuchung (US), SE und CEUS unterzogen. US- und CEUS-
Merkmale sowie der Elastizitdts-Score wurden ausgewertet.
Mit Hilfe der ROC-Analyse (Receiver Operating Characteristic
Curve) wurde die diagnostische Leistung von SE, CEUS und
SE + CEUS im Hinblick auf die Differenzierung von MPT und
BPT bewertet.

Ergebnisse Solitdres Auftreten, groRerer Durchmesser, un-
regelmédRige Form, schlecht definierter Rand, heterogene
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Echogenitat und Verkalkung auf US und ein hoherer Elastizi-
tatswert in der SE standen in einem signifikanten Zusammen-
hang mit Malignitdt. MPT zeigen auch einen unklaren Rand,
einen gréBeren Umfang nach dem Enhancement und ein
4Fast-in und Fast-out“-Muster im CEUS. Die Kombination von
SE und CEUS war effektiv, um MPT und BPT zu differenzieren

(AUC: 0,88; 0,80-0,95), mit einer Sensitivitat von 86,0 %, ei-
ner Spezifitdt von 88,9 % und einer Genauigkeit von 87,8 % -
diese Werte waren signifikant héher als die fiir SE (AUC: 0,75;
0,66-0,85) und CEUS (AUC: 0,82; 0,73-0,91) allein.
Schlussfolgerung Die Kombination von CEUS und SE ist wert-
voll, um MPT von BPT zu differenzieren.

Introduction

Salivary gland tumors are uncommon, representing about 2-6%
of all head and neck tumors. Parotid tumors account for approxi-
mately 80 % of salivary gland tumors, with about 80 % being be-
nign [1, 2]. The therapy and prognosis are completely different
between benign parotid tumors (BPT) and malignant parotid tu-
mors (MPT) [3]. Therefore, accurate preoperative identification
of MPT is essential for an aggressive approach and prognostic
evaluation.

High-resolution ultrasound (US) is widely used for the initial as-
sessment of parotid lesions, due to the simple, real-time, cost-ef-
fective, and non-radiated advantages [4]. US can determine the
location, size, shape, margin, echogenicity of lesions, and lymph
node involvement, which is useful in the differentiation of malig-
nant lesions from benign ones [4, 5]. However, the accurate preo-
perative diagnosis of histopathology remains challenging.

Strain elastography (SE) and contrast-enhanced ultrasound
(CEUS) are innovative and effective diagnostic tools that could
provide additional information in the differentiation between be-
nign and malignant lesions [6, 7]. SE shows the relative tissue elas-
ticity and stiffness within a selected region of interest and is valu-
able for predicting malignancy [8]. CEUS is a novel technology to
dynamically evaluate the microvessels and perfusion kinetics of
lesions and is considered to be a powerful method in distinguish-
ing malignant parotid lesions from benign ones [9]. However, the
predictive value of SE combined with CEUS remains unclear. The
present study is aimed to investigate the diagnostic accuracy of
SE combined with CEUS in identifying malignant parotid tumors.

Materials and methods

Patients

This retrospective study was approved by the Ethics Committee of
our institution. Written informed consent was waived for each pa-
tient. Patients were consecutively identified after searching the
pathology database of our institution from January 2017 to May
2021. The inclusion criteria were as follows: (1) patients with a de-
finitive diagnosis of BPT or MPT proven by biopsy or surgery; (2)
patients simultaneously underwent conventional US, SE, and
CEUS before treatment. 136 patients who met these criteria
were enrolled in this study. The exclusion criteria were as follows:
(1) images unsatisfactory for analysis because stored images were
not enough to obtain required data (n=14); (2) patients with sec-
ondary parotid carcinomas (metastatic tumors) or lymphoma
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(n=7). Finally, a total of 115 patients were analyzed. When pa-
tients had multiple nodules, the largest nodule was selected.

US equipment and contrast agent

All ultrasonography examinations were performed using the My-
Lab 90 (Esaote, Genoa, Italy; equipped with an L523 linear-array
transducer for US and SE and L522 transducer for CEUS) and Reso-
na 7 (Mindray, Shenzhen, China; equipped with an L14-5WU line-
ar-array transducer for US and SE and L11-3U transducer for
CEUS) US equipment. Sulfur hexafluoride (SonoVue; Bracco, Mi-
lan, Italy) was used as the contrast agent.

Conventional US

Conventional US was performed to scan the parotid gland lesions
in multi-sections to obtain complete images of the lesions and
surrounding normal tissues. US features were observed for each
parotid lesion, including the number of lesions (single or multi-
ple), size (the maximum diameter on US), shape (regular, lobula-
ted, orirreqular), margin (well-defined or poorly defined based on
the boundary of the lesion and adjacent normal tissue), calcifica-
tion, echogenicity (compared with the surrounding parotid tissue,
classified as hypoechoic, hyperechoic, or isoechoic), cystic areas,
and echotexture (homogeneous or heterogeneous). The blood
flow of lesions was visualized by color Doppler ultrasonography
(CDS). According to Alder’s method [10], vascularity was graded
as Grade 0 (no blood flow signal), Grade | (a small amount of
blood flow, with 1-2 point-like or rod-like vessels), Grade Il (a
medium amount of blood flow, with 3-4 point-like vessels or a
single long vessel), and Grade Il (rich blood flow, with =5 punc-
tate vessels or two long vessels).

SE examination and image analysis

SE was performed with light pressure while placing the probe ver-
tically on the skin surface and gentle adjustment of pressure to ac-
quire high-quality elastic images with the real-time quality indica-
tor for optimal compression. The elastogram and grayscale
images were simultaneously displayed on the screen with the re-
gion of interest including the mass and sufficient surrounding par-
otid tissue. The stiffness of the tissue was visualized by a conti-
nuum of color from green (soft tissue) to red (hard tissue).
According to the five-point scoring system [11], SE scores were
classified as follows: a score of 1 indicated even strain for the en-
tire lesion (homogeneously green), a score of 2 indicated strain in
most areas of the lesion (predominantly green with a few red), a
score of 3 indicated strain at the periphery of the lesion with spar-
ing in the center (predominantly red with a few green), a score of
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4 indicated no strain in the whole lesion (completely red), and a
score of 5 indicated no strain in the whole lesion or the surround-
ing tissue (red area is larger than the lesion on conventional US). A
lesion with an elasticity score >3 was considered a malignancy.

CEUS examination and image analysis

CEUS examination was performed using the same equipment with
a “low” mechanical index (0.07-0.09) and 4.8 ml (“1 vial”) of So-
noVue. The suspension of SonoVue (25 mg, lyophilized powder)
and saline solution (5ml, 0.9 % sodium chloride) were prepared
and shaken uniformly. The SonoVue suspension was injected in-
travenously and then washed with 10 ml of saline. The timer on
the ultrasound instrument was started and the entire imaging ac-
quisition lasted at least 1205s.

CEUS features were analyzed by reviewing the cine loops as fol-
lows: i) enhancement degree was classified as low, equal, or high
intensity (compared with the surrounding parotid tissue at the
same level); ii) margin enhancement was classified as clear or un-
clear based on the clarity of the boundary between the lesion and
adjacent normal tissue after enhancement; iii) ring enhancement
was categorized as absent or present based on the appearance of
a high-brightness ring around the lesion; iv) enhancement size
was defined as larger or similar based on the size of the enhanced
lesion compared with the lesion size on conventional US; v) en-
hancement texture was defined as homogeneous or heteroge-
neous based on the enhancement distribution of the lesion; vi)
echo-free area was classified as absent or present based on the ap-
pearance of the perfusion area without contrast agent; vii) en-
hancement patterns included fast-in and fast-out, fast-in and
slow-out, slow-in and fast-out, and slow-in and slow-out accord-
ing to the time of contrast agent entering into the lesion and sub-
siding compared with surrounding parotid tissue. On CEUS, le-
sions with more than one suspicious feature (including unclear
margin, larger size, and fast-in/fast-out) were considered malig-
nant. On SE combined with CEUS, more than one suspicious
CEUS features and|or a high elasticity score (>3) indicated malig-
nancy. Two radiologists (with >8 years of experience in head and

neck US) independently reviewed these images and loops and
were blinded to the clinical and pathological patient data. Differ-
ent points were discussed to reach consensus.

Statistical analysis

All statistical analyses were performed with the SPSS software
(version 20; SPSS Inc, Chicago, IL, USA). Continuous variables
were showed as mean * standard deviation (SD), categorical vari-
ables were presented as the number of cases. Independent t-test
was used to compare continuous variables between two groups.
Chi-square test or Fisher’s exact test was applied to compare ca-
tegorical variables. The interobserver agreement between the
two radiologists was assessed using the kappa statistic [12]. Re-
ceiver operating characteristic (ROC) curves were analyzed to
evaluate the diagnostic sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of SE, CEUS, and
the combination of SE and CEUS. Areas under the ROC curves
(AUC) with 95 % confidence intervals (Cl) were also calculated. A
P-value <0.05 was considered to be a statistically significant dif-
ference.

Results

Clinical and histopathological characteristics

The histopathological diagnosis of these parotid tumors was sum-
marized in » Table 1. A total of 115 patients with benign (n=72,
39 males and 33 females) and malignant (n =43, 22 males and 21
females) parotid tumors were enrolled. The average ages of pa-
tients with BPT or MPT were 57.5 years and 58.7 years, respective-
ly. The demographic data is summarized in » Table 2.

Conventional US features

The conventional US features are presented in » Table2 and
» Fig. 1, » Fig.2. All parotid tumors were hypoechoic (> Fig. 1A
and » Fig. 2A). In patients with MPT, only two patients (4.7 %) had

» Table 1 Histopathological diagnosis of benign and malignant parotid tumors (n=115).

Benign (n=72) Number Malignant (n=43) Number
Pleomorphic adenoma 36 Mucoepidermoid carcinoma 8
Warthin tumor 30 Adenoid cystic carcinoma 8
Basal cell adenoma 4 Salivary duct carcinoma 7
Oncocytoma 2 Adenocarcinoma, NOS 7
Acinic cell carcinoma 5
Squamous cell carcinoma 4
Lymphoepithelial carcinoma 2
Carcinosarcoma 1
Basal cell adenocarcinoma 1

NOS: not otherwise specified

ShiLetal. Contrast-Enhanced Ultrasound and... Ultraschall in Med 2023; 44: 419-427 | © 2023. The Author(s). 421



# Thieme

» Table 2 Clinical and US characteristics of patients with benign and malignant parotid tumors (n=115).

Features Benign (n=72) Malignant (n=43) P-value
Age (year) 57.5+15.2 58.7+19.2 0.716
Sex 0.755
Male 39 22

Female 33 21

Number of lesions 0.018
Single 57 41

Multiple 15 2

Maximum diameter (mm) 26.81+9.07 35.03+13.04 <0.001
Shape <0.001
Regular 41 3

Lobulated 22 7

Irregular 9 33

Margin <0.001
Well-defined 64 13

Poorly defined 8 30

Echogenicity Not available
Hypoechoic 72 43

Hyper-/isoechoic 0 0

Echotexture 0.021
Homogeneous 34 11

Heterogeneous 38 32

Calcification (yes/no) 3/69 15/28 <0.001
Cystic areas (yes/no) 18/54 11/32 0.945
Blood flow grade 0.252
0-1 24 10

11-11 48 33

» Fig. 1 Images of pleomorphic adenoma in the right lobe of a 57-year-old male. A Conventional ultrasound and Color Doppler ultrasonography
showed a hypoechoic and regular mass with a well-defined margin and abundant blood flow signals (Grade Ill). B The SE score was 2. C The CEUS
indicated the lesion with a clear margin and homogeneous hyperenhancement. D Pathological image of the lesion was a pleomorphic adenoma.
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» Fig. 2 Images of mucoepidermoid carcinoma in the left lobe of a 53-year-old female. A Conventional ultrasound and color Doppler ultrasono-
graphy showed a hypoechoic and irregular mass with an ill-defined margin and marked vascularity (Grade Ill). B The SE score was 5. C CEUS showed
the lesion with an unclear margin, larger size after enhancement, and heterogeneous hyperenhancement. D Pathological image of the lesion was a

mucoepidermoid carcinoma. SE: strain elastography; CEUS: contrast-enhanced ultrasound.

» Fig. 3 Images of Warthin tumor in the right lobe of a 53-year-old male. The CEUS showed the lesion with a clear margin, homogeneous hyper-
enhancement, and the perfusion pattern of “fast-in and slow-out” (A-early phase, B-middle phase, and C-late phase). D Time-intensity curve anal-
ysis showed the perfusion kinetics of the lesion (red line) and surrounding tissue (yellow line). CEUS: contrast-enhanced ultrasound.
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» Table 3 SE and CEUS characteristics of patients with benign and malignant parotid tumors (n=115).

Features Benign (n=72)

Elasticity score

>3 7
<3 65
Enhancement intensity

Low or equal 20
High 52
Margin enhancement

Clear 51
Unclear 21

Ring enhancement

Absent 59
Present 13
Size enhancement

Larger 5
Similar 67
Enhancement texture

Homogeneous 34
Heterogeneous 38

Echo-free area

Absent 50
Present 22
Enhancement mode

Fast-in and fast-out 10
Fast-in and slow-out 25
Slow-in and fast-out 23
Slow-in and slow-out 12

SE: strain elastography; CEUS: contrast-enhanced ultrasound

multiple nodules. The maximum diameter of MPT was significantly
larger than that of BPT (35.03£13.04 mm in MPT vs 26.81
+£9.07 mm in BPT, P<0.001). Irregular shape (76.7 %), poorly de-
fined margin (69.8 %), and calcification (34.9 %) were significantly
associated with malignancy (P<0.001). Malignant parotid tumors
more frequently had a heterogeneous echotexture (74.4 %,
P=0.021). With respect to the appearance of cystic areas and blood
flow abundance, there was no significant difference (P>0.05).

SE and CEUS features

The SE and CEUS features were presented in » Table 3 and
» Fig. 1, » Fig. 2, » Fig. 3, » Fig.4. Malignancy was significantly
associated with a high elastic score (60.5%, P<0.001, » Fig. 1B
and » Fig. 2B). The perfusion kinetics of CEUS were observed. Un-
clear margin (35/43, 81.4 %) and larger size (20/43, 46.5 %) after
enhancement were significantly associated with malignancy
(P<0.001, » Fig. 1C and » Fig. 2C). Ring enhancement (2.3 %)
was rare in malignant lesions. Among the malignant lesions,
most lesions (25/43, 58.1 %) had a “fast-in and fast-out” pattern
(» Fig.3). Among the benign lesions, 25 (34.7 %) had a “fast-in
and slow-out” and 23 (31.9 %) had “slow-in and fast-out” pattern
(» Fig.4). Most benign lesions (72.2 %) and malignant lesions
(65.1 %) were hyperenhanced. There were no significant differen-
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Malignant (n=43) P-value
<0.001
26
17
0.423
15
28
<0.001
8
35
0.013
42
1
<0.001
20
23
0.123
14
29
0.631
28
15
<0.001
25
6
7
4

ces in enhancement intensity, enhancement texture, and echo-
free area (P>0.05). The multimodal diagnostic pathway was pres-
ented in » Fig. 5. The interobserver consistency for the combina-
tion of SE and CEUS was 0.89 (95% Cl 0.79-0.98), indicating a
high level of interobserver reliability.

ROC analysis

ROC analysis was performed to evaluate the diagnostic value of
SE, CEUS, and the combination of SE and CEUS (SE+CEUS) in dis-
tinguishing MPT from BPT. The AUC of SE+CEUS (0.88, 95% Cl:
0.80-0.95) was significantly higher than that of SE (0.75, 95 % Cl:
0.66-0.85) and CEUS (0.82, 95% Cl: 0.73-0.91) alone. The cor-
responding sensitivity, specificity, and accuracy were 86.0%,
88.9%, and 87.8 % for SE+CEUS; 60.5 %, 90.1 % and 79.1 % for SE;
72.1%,91.7 %, and 84.3 % for CEUS (> Table 4, » Fig. 6). The com-
bination of SE and CEUS exhibited preferable diagnostic value in
differentiating MPT from BPT.

Discussion

With regard to parotid tumors, pleomorphic adenoma (PA) and
Warthin tumor (WT) comprise the vast majority (83-93 %) of all
benign tumors [13]. Malignant lesions are relatively rare and
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» Fig.4 Images of adenocarcinoma-not otherwise specified (NOS) in the right lobe of a 76-year-old male. CEUS showed the lesion with an unclear
margin and larger size after enhancement, echo-free area, heterogeneous hyperenhancement, and the perfusion pattern of “fast-in and fast-out”
(A-early phase, B-middle phase, and C-late phase). D Time-intensity curve analysis showed the perfusion kinetics of the lesion (red line) and sur-

rounding tissue (yellow line). CEUS: contrast-enhanced ultrasound.

» Fig.5 Multimodal diagnostic pathway. Basic clinical characteris-
tics and conventional US distinguished malignant from benign tu-
mors initially. SE and CEUS showed the elasticity and microvessels of
lesions and further differentiated the lesions. US: ultrasound; SE:
strain elastography; CEUS: contrast-enhanced ultrasound.

have a variety of histopathological subtypes. The preoperative dif-
ferentiation between benign and malignant lesions has major clin-
ical significance for defining the treatment plan and selecting the
appropriate surgical scheme. Previous studies have shown that
sonoelastography and CEUS could provide useful and progressive
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information for accurate diagnosis between tumors in many or-
gans, including thyroid, breast, and parotid [14, 15, 16, 17].

Sonoelastography is an innovative diagnostic tool for assessing
tissue elasticity and stiffness [11]. Several studies have explored
the value of sonoelastography in distinguishing between benign
and malignant parotid tumors. Although malignancies should be
theoretically stiffer, the status remains complicated. Known data
on the value of sonoelastography in diagnosing malignant parotid
tumors showed a wide range in sensitivity (38-100 %) and specifi-
city (26-97 %) [18, 19, 20]. A meta-analysis revealed a low pooled
sensitivity and specificity for differentiating benign and malignant
parotid lesions with an AUC of 0.77 [21]. Our study also showed
that SE alone had a sensitivity of 60.5 % and a specificity of 90.1%
with an AUC of 0.75. The value of SE alone is limited and is not sa-
tisfactory for the differential diagnosis.

CEUS represents another relatively new promising ultrasound
technique for the head and neck to describe the microvascularity
of lesions [22, 23]. Numerous studies have reported that CEUS
can differentiate between benign and malignant lesions [17, 24].
Malignant characteristics include an unclear margin, inhomoge-
neous vascularization, and uneven distribution of circulating
beds [7]. According to the present study, an unclear margin
(81.4 %), larger size after enhancement (46.5 %), and a pattern of
“fast-in/fast-out” (58.1 %) were significantly associated with ma-
lignant parotid tumors. These might be attributed to invasive
growth, the number of increased blood vessels, abnormal arterio-
venous fistula, and changes of vascular permeability [25]. The
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» Table4 Diagnostic performance of SE, CEUS, and combination of SE and CEUS for distinguishing between benign and malignant parotid tumors.

Features AUC (95 % (1) Accuracy, Sensitivity, % Specificity, % PPV, % NPV, % P-value
%

SE 0.75 (0.66-0.85) 79.1 60.5 90.1 78.8 79.3 <0.001

CEUS 0.82 (0.73-0.91) 84.3 721 91.7 83.7 84.6 <0.001

SE+CEUS 0.88 (0.80-0.95) 87.8 86.0 88.9 82.2 91.4 <0.001

SE: elasticity score>3; CEUS: > 1 suspicious CEUS features; SE+CEUS: elasticity score>3 and/or > 1 suspicious CEUS features. SE: strain elastography; CEUS:
contrast-enhanced ultrasound; AUC: area under the receiver operating characteristic curve; Cl: confidence interval; PPV: positive predictive value; NPV:

negative predictive value

» Fig.6 ROC curve of SE and CEUS for differentiating malignant
parotid tumors. The AUC with respect to predicting malignancy was
0.75 for SE, 0.82 for CEUS, and 0.88 for SE and CEUS. ROC: receiver
operating characteristics; SE: strain elastography; CEUS: contrast-
enhanced ultrasound; AUC: area under curve.

perfusion patterns of benign tumors in our study were mostly
“fast-in/slow-out” and “slow-in/fast-out”, which is similar to the
previous study [26]. Previous studies also revealed that heteroge-
neous enhancement indicated the presence of malignant lesions
[7, 9]. However, there was no significant difference in heteroge-
neous enhancement of benign (52.8 %) and malignant (67.4 %)
parotid tumors in the present study. This may be due to the inclu-
sion of the relatively small number of malignant lesions and all
types of malignant lesions (primary, secondary carcinomas and
lymphomas) in previous studies.

The SE and CEUS techniques showed statistically significant dif-
ferences in elasticity score and enhancement features between
benign and malignant parotid lesions, evidenced by several pre-
vious studies [17, 21, 27]. However, the number of primary malig-
nant tumors (less than 15 cases) was relatively small, and the elas-
tosonographic methods were diversified and inconsistent in
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previous studies [9, 17, 27]. In addition, overlap characteristics in
benign and malignant lesions have been found in the use of SE
and CEUS alone. Some studies had shown that combining sonoe-
lastography and CEUS improved the diagnostic efficacy of malig-
nant lesions in multiple organs [28, 29]. However, the diagnostic
power of SE plus CEUS has not been assessed in the parotid. In the
present study, SE combined with CEUS significantly increased the
sensitivity of malignant lesions, and the specificity did not signifi-
cantly decrease. The excellent diagnostic efficiency was achieved
with an AUC of 0.88, accompanied by a sensitivity of 86.0% and a
specificity of 88.9 %. The diagnostic value was proven to be higher
than that of either technique alone. These findings indicate that
the combination of SE and CEUS significantly improves the diag-
nostic accuracy of preoperative malignant parotid tumors. In ad-
dition, the excellent interobserver agreement might be because
the two radiologists reviewing images and loops were very experi-
enced.

There were several limitations in this study. Firstly, the imaging
features of WT and PA are notably different. However, the differ-
entiation of malignant tumors from benign ones was assumed to
be more important, so we did not analyze PA and WT. Secondly,
the quantitative analysis of CEUS was not performed in some
cases and was not convenient to be used routinely in clinical prac-
tice. Thus, we did not perform the quantitative CEUS analysis,
which needs to be evaluated in the future. Thirdly, this is a retro-
spective study involving a single center. In addition, some patients
were excluded due to a lack of complete imaging data. These fac-
tors might lead to an unavoidable selection bias.

In conclusion, the present study indicated that the combina-
tion of SE and CEUS significantly improved the diagnostic accura-
cy of malignant parotid tumors compared with SE or CEUS alone.
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