CAN ULTRASOUND IN COMBINATION WITH VIRTUAL TOUCH IMAGING
QUANTIFICATION PREDICT THE DIGNITY OF A PAROTID TUMOR?

MoNIKA JERING,* JOHANNES ZENK,* RUBENS THOLKEN,* HOLGER RUGER,* and GEORGIOS PsycHoGIOS ™!

* Department of Otolaryngology, Head and Neck Surgery, University Hospital Augsburg, Augsburg, Germany; and " Department of
Otolaryngology, Head and Neck Surgery, University Hospital of Ioannina, Ioannina, Greece

INTRODUCTION

Ultrasonography constitutes an important, non-invasive
tool in the pre-operative evaluation of parotid gland
lesions and provides the surgeon with useful information
regarding configuration, size and location of the tumor
(Klintworth et al. 2012; Bozzato 2015; Zengel et al.
2018; Psychogios et al. 2019). A malignant tumor of the
parotid gland can be identified in 90.0% of cases by a
skilled sonographer, thus obviating the need for addi-
tional pre-operative testing and minimizing the danger
of re-operation because of unexpected malignancy.
Sonographic findings of echogenicity, perfusion, tissue
stiffness and tumor margins can help distinguish malig-
nant from benign tumors (Mansour et al. 2017).

More recently, shear wave elastography has been
developed to help differentiate malignant from benign
tumors based on a quantitative assessment of tissue stiff-
ness. In an early stage of malignancy, tissue stiffness
increases because of an increase in vascularity, infiltra-
tion with cancer and inflammatory cells, deposition of
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extracellular matrix and expansion of the tumor-associ-
ated cellular stroma (Matsuzuka et al. 2015). Through
these pathologic mechanisms, malignancies may alter
tissue elasticity. Several small studies have reported that
within the parotid gland, tissue stiffness, as quantified by
shear wave elastography, is higher in malignant lesions
compared with healthy tissue or benign tumors
(Matsuzuka et al. 2015; Zengel et al. 2018). Shear wave
elastography can define the mechanical properties of var-
ious tissues by measuring the propagation speed of shear
waves through tissue. With Virtual Touch imaging quan-
tification elastography (VTIQ) (Acuson S2000, Siemens
Medical Solution, Erlangen, Germany), tissue is sub-
jected to a series of acoustic radiation force impulses
(Azizi et al. 2016); the resultant tissue displacement cre-
ates a shear wave propagation front. Propagation of shear
waves depends on tissue stiffness, with stiffer tissue
allowing for faster propagation of shear waves
(Cheng et al. 2016). Propagation of shear waves is mea-
sured by the emitting probe within predefined regions of
interest and is then converted into a color-coded image,
superimposed on the B-mode ultrasound images. The
image displayed is formed by a pulse sequence, and
tracking vectors are calculated. Within the color-coded
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image, slow shear waves are displayed in blue and fast
shear waves, corresponding to stiffer tissue, in red, on a
scale of 0.5—10.0 m/s (Matsuzuka et al. 2015; Cheng
et al. 2016; Zengel et al. 2018).

The advantage of VTIQ is that smaller regions of
interest can be selected, and therefore, even small lesions
can be characterized based on tissue stiffness, and multi-
ple regions of interest can be evaluated simultaneously
as illustrated in Figure 1 (Zengel et al. 2018). Although
well validated for breast, thyroid and hepatic patholo-
gies, tissue elastography has not been validated as a diag-
nostic tool in the evaluation of parotid gland lesions
(Cantisani et al. 2014; Platz Batista da Silva et al. 2016;
He et al. 2017). VTIQ combines qualitative and quantita-
tive information and could therefore improve the differ-
entiation between benign and malignant parotid lesions
(Rubini et al. 2020).

Lesions in the parotid gland comprise 2%—6% of all
head and neck tumors. While the majority are benign,
approximately 20% are malignant (Mansour et al. 2017;
Zengel et al. 2018). In the past 20 years surgery of benign
parotid lesions has evolved in the direction of less inva-
sive procedures, including extracapsular dissection and
partial superficial parotidectomy (Mantsopoulos et al.
2015a, 2015b, 2015¢c, 2015d; Psychogios et al. 2020a).
Although these surgical techniques have an excellent mor-
bidity profile, particularly with regard to reducing the risk
of facial nerve paralysis, in the case of an unexpected
malignancy, a re-operation becomes necessary. As re-
operations carry an increased risk of complications,
improving pre-operative detection of malignant tumors
becomes even more important. The aim of this study was
to identify sonographic characteristics of benign and
malignant parotid lesions with the use of high-resolution
ultrasound in combination with VTIQ elastography.

METHODS

We conducted a prospective study assessing imag-
ing characteristics of parotid gland tumors before surgi-
cal resection, using B-mode and color-coded Doppler
ultrasound in addition to VTIQ. Patients referred for
evaluation of a parotid gland lesion and undergoing a
surgical procedure on the parotid gland at the University
Hospital Augsburg between May 2017 and November
2019 were eligible for inclusion in this study. Metastases
of cutaneous squamous cell carcinomas (SCCs) were
also included if they were found within the parotid gland.
The investigators performing the ultrasound and VTIQ
were blinded to the patients’ past medical and surgical
history. Exclusion criteria included lack of prior surgical
intervention or irradiation of the parotid region, a diag-
nosis of lymphoma, lack of the patient’s ability to con-
sent and missing sonographic data.
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The local ethics committee approved the study pro-
tocol, and participants provided written, informed con-
sent (2017/20).

A pre-operative, routine ultrasound was performed
by three experienced clinical investigators on all study
participants, using the Acuson S2000 (Probe 9 L4, Sie-
mens Medical Solution, Erlangen, Germany) and a linear
transducer (4.0—9.0 MHz). The size of the tumor in three
dimensions and VTIQ measurements were recorded.
Echogenicity of the tumor, lesion margins, vasculariza-
tion pattern, vascularization location and presence of
cystic structures on B-mode ultrasound were docu-
mented. Vascularization location was categorized as
central, peripheral and avascular. At least three different
quantitative VTIQ measurements were obtained, two
within the lesion (in areas corresponding to the slowest
and fastest shear waves, respectively) and one in the
adjacent healthy tissue, peripheral to the tumor as a ref-
erence (Fig. 1). Based on the color-coded map generated
by VTIQ, shear wave velocity was measured in regions
of slowest (color-coded in blue) and fastest (color-coded
in red) shear waves within the parotid lesion, taking care
to exclude cystic areas. These measurements of slow and
fast shear waves were each repeated three times.
“Maximal shear wave velocity” was defined as the aver-
age of three measurements in areas of fast shear waves.
Mean shear wave velocity was defined as the average of
all six VTIQ measurements obtained within the parotid
tumor. VTIQ was only measurable in the range of
0.5—10.0 m/s; velocities exceeding 10.0 m/s (denoted as
“high velocity” on the equipment) were recorded as
10.0 m/s.

On the basis of prior studies in salivary gland
tumors, areas of soft tissue (defined as a shear wave
velocity of <3.5 m/s) and stiff tissue (shear wave veloc-
ity >6.0 m/s) were categorized as involving <30%,
30%—70% and >70% of the entire tumor (Zengel et al.
2018; Ruger et al. 2020).

The data extracted from the patients’ medical
record included patient age, sex, surgical date, type of
surgical procedure, size of the tumor in the surgical spec-
imen, histologic result, minimal, maximal and mean
shear wave velocity, peripheral shear wave velocity (in
the tissue adjacent to the tumor), tumor margins, echoge-
nicity and presence of necrosis, cystic areas or a stiff
core. Margin homogeneity was determined by B-mode
ultrasound and defined as described by previous studies
(Klintworth et al. 2012). A stiff core is a well-defined
area within a lesion with a central zone of faster shear
waves surrounded by tissue with slower shear waves and
is characteristic of pleomorphic adenomas (PLA)
(Klintworth et al. 2012). Necrosis was defined by
B-mode ultrasound as ill-defined lesion margins with
hypo-echoic areas and no perfusion.
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Fig. 1. Virtual Touch imaging quantification (VTIQ) of a pleomorphic adenoma. Pleomorphic adenoma on VTIQ image

with shear wave velocities ranging from 1.58 to 6.95 m/s. Selected regions of interest, in which VTIQ measurements

were performed, are represented by yellow squares. Two measurements were obtained within the lesion in areas of slow-

est (color-coded in blue) and fastest (color-coded in red) shear waves (arrowheads). Additionally, one measurement was

performed in healthy tissue outside of the parotid lesion (“peripheral shear wave velocity”) (arrow). The purple line
delineates the margins of the pleomorphic adenoma.

When malignancy was suspected based on imaging
findings, a core needle biopsy was performed for addi-
tional tissue characterization. Surgical procedures were
adapted to results from the core needle biopsy and to the
location of the parotid gland lesion: extracapsular dissec-
tion, partial parotidectomy, superficial parotidectomy or
total parotidectomy. Postoperative histologic results
were compared with tumor characteristics on the pre-
operative ultrasound examination. Three cases, in which
both benign and malignant entities were identified on
histology, were classified as malignant as the malignant
phenotype predominated and accounted for most of the
excised tissue (patient 1: Warthin tumor [WT] and Mer-
kel cell carcinoma, patient 2: WT and metastasis of a
SCC, patient 3: oncocytoma and Merkel cell carcinoma).
Previous studies have provided evidence of simulta-
neously occurring lesions of different tumor dignity
within the ipsilateral parotid gland (Curry et al. 2002;
Heine et al. 2018).

Data are expressed as the mean (standard deviation)
for continuous variables and the frequency (percentage)
for categorical variables. Baseline characteristics of
patients with benign and malignant tumors were com-
pared with Student’s #-test and Pearson’s x>-test where
appropriate. Univariate logistic regression models were

used to examine the association between pre-operative
ultrasound findings and tumor dignity obtained from his-
tology. Models were furthermore adjusted for ill-defined
tumor margins, presence of necrosis and vascularization
pattern. The diagnostic accuracy of the following models
in predicting malignant dignity was assessed using area
under the receiver operating characteristic (ROC) curve
(AUC) analyses and compared using the DeLong test: (i)
ill-defined margins on B-mode ultrasound; (ii) mean
shear wave velocity; (iii) stiff areas, defined as the pro-
portion of the parotid tumor (categorized as <30%,
30%—70% and >70%) with a shear wave velocity >6.0
m/s; (iv) presence of necrosis and vascularization pat-
tern; and (v) mean shear wave velocity necrosis and vas-
cularization pattern. Statistical significance was assessed
using a two-side « level of 0.05 without adjustment for
multiplicity. All analyses were performed using STATA
(Version 14.2, Stata Corp., College Station, TX, USA).

RESULTS

Of the 268 patients included in this study, 213
(79.4%) were diagnosed with a benign tumor and 55
(20.6%) with a malignant tumor based on histopathol-
ogy. We were able to identify 13 different malignant



entities and 18 benign entities. The most commonly
diagnosed benign lesion was a WT (n=97, 45.5%), and
the most commonly diagnosed malignancy was metasta-
sis of a SCC (n=29, 52.7%), which seems consistent
with current literature (Franzen et al. 2019; Psychogios
et al. 2020b). We compared all patients with malignancy
(n=155) to patients with benign tumors (n=213).
Baseline characteristics of the 268 patients diagnosed
with benign and malignant tumors of the parotid gland are
summarized in Table 1. Patients with malignancy were
older compared with those diagnosed with a benign lesion
(755 £ 122 y vs. 58.3 £ 149 y, p < 0.001). Ill-defined
tumor margins were more commonly visualized in malig-
nant tumors (98.2%) than in benign lesions (4.2%, p <
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0.001). Necrotic components were present in 45.5% of
malignant and 0.9% of benign tumors (p < 0.001). Mean
shear wave velocity was significantly higher in malignant
than in benign tumors (6.3 £ 1.4 m/s vs. 4.7 = 1.5 m/s, p
< 0.001). Similarly, maximal shear wave velocity was sig-
nificantly higher in malignant than in benign tumors (8.0 £
1.8 m/s vs. 5.8 &+ 2.0 m/s, p < 0.001) (Table 1). Figure 2
illustrates the distribution of mean shear wave velocities by
tumor dignity in our patient cohort, and Figure 3, the distri-
bution of maximal shear wave velocities. A greater area
with shear wave velocity <3.5 m/s was more common in
benign parotid lesions, and a greater area with shear wave
velocity >6.0 m/s was more frequently observed in malig-
nant tumors (both p values <0.001) (Table 1).

Table 1. Baseline characteristics with respect to tumor dignity

Benign tumor (n=213) Malignant tumor (n=155) p Value

Age (y) 583 £ 149 75.5+£12.2 <0.001
Female sex 93 (43.7%) 18 (32.7%) 0.14
Mean velocity (m/s) 47+£15 63+14 <0.001
Maximal velocity (m/s) 5.84+2.0 8.0+ 1.8 <0.001
Minimal velocity (m/s) 36+1.2 46+13 <0.001
Peripheral velocity (m/s) 26+0.5 28+09 0.026
Tumor margins (ill-defined) 9 (4.2%) 54 (98.2%) <0.001
Margins <0.001

Homogeneous 155 (72.8%) 1(1.8%)

Polycyclic 50 (23.5%) 1 (1.8%)

Undefined 8(3.8%) 53 (96.4%)
Echogenicity <0.001

Hypo-echoic 107 (50.2%) 1 (1.8%)

Hyperechoic 2 (0.9%) 0 (0%)

Heterogeneous 104 (48.8%) 54 (98.2%)
Perfusion 0.19

No perfusion 106 (49.8%) 23 (41.8%)

Low perfusion 77 (36.2%) 27 (49.1%)

High perfusion 30 (14.1%) 5(9.1%)
Vascularization pattern <0.001

Avascular 107 (50.5%) 23 (41.8%)

Central 84 (39.6%) 12 (21.8%)

Peripheral 21 (9.9%) 20 (36.4%)
Area of low tissue stiffness <0.001

(shear wave velocity <3.5 m/s)

<30% 91 (42.7%) 49 (89.1%) <0.001

30%—70% 47 (22.1%) 3 (5.5%) <0.001

>70% 75 (35.2%) 3 (5.5%) <0.001
Area of high tissue stiffness <0.001

(shear wave velocity >6 m/s)

<30% 171 (80.3%) 14 (25.5%) <0.001

30%—70% 37 (17.4%) 31 (56.4%) <0.001

>70% 5(2.3%) 10 (18.2%) <0.001
Stiff core™* 54 (25.4%) 2 (3.6%) <0.001
Structure <0.001

Cystic 103 (48.6%) 0 (0%)

Honeycomb 37 (17.5%) 0 (0%)

Pigmented 37 (17.5%) 1 (1.8%)

Undefined ‘ 35 (16.5%) 54 (98.2%)
Areas of unmeasurable VTIQ' 69 (32.4%) 1 (1.8%) <0.001
Distal enhancement 100 (46.9%) 1(1.8%) <0.001
Necrosis 2 (0.9%) 25 (45.5%) <0.001

Values are reported as the frequency (%) or mean =+ standard deviation.

VTIQ = Virtual Touch imaging quantification.

* A stiff core is defined as a central zone with a velocity >6.0 m/s with softer tissue in the vicinity.
1 Lesions with cystic components in which VTIQ was not measurable. In all cases, VTIQ could be measured in non-cystic areas.



1196

Fig. 2. Distribution of mean shear wave velocities (measured in m/s) within a parotid gland lesion with respect to tumor

dignity. Mean shear wave velocity was calculated as the average of three distinct Virtual Touch imaging quantification

(VTIQ) measurements in areas of slow shear waves and three distinct VTIQ measurements in areas of fast shear waves.
Benign tumors are illustrated in blue, and malignant tumors in red.

Fig. 3. Distribution of maximal shear wave velocities (measured in m/s) within a parotid gland lesion with respect to
tumor dignity. *’Maximal’’ shear wave velocity was defined as the mean of three distinct Virtual Touch imaging quanti-
fication measurements in areas of fast shear waves. Benign tumors are illustrated in blue, and malignant tumors in red.

Representative B-mode ultrasound and VTIQ
images of a benign WT and a malignant tumor (SCC)
are provided in Figures 4 and 5, respectively. The vascu-
larization pattern of a PLA is illustrated in Figure 6.

Among the 213 benign lesions, WTs (n=97, 45.5%)
and PLAs (n=67, 31.5%) were the most commonly iden-
tified entities. WTs contained a variable amount of cystic
areas and, therefore, varied in stiffness. Because of the
high fluid content of WTs, VTIQ could not be performed
in cystic areas within the lesion in 54.0% of patients with
WTs but was acquired in non-cystic areas within WTs in
all cases, as illustrated in Figure 4. Cystic areas were
detected in 86.5% of WTs versus 1.5% of PLAs (p <
0.001). Margins were homogeneous in 99.0% of WTs, and

polycyclic in 68.7% and homogeneous in 29.9% of PLAs
(p < 0.001). Tumor vascularization was central in 51.5%
of patients with WTs and absent in most patients with
PLAs (58.2%). In patients with WTs, almost half (n =46,
47.4%) had predominantly tissue of low stiffness (>70%
of the tumor with shear wave velocity <3.5 m/s), whereas
in patients with PLAs, the majority (n =46, 68.7%) had lit-
tle tissue of low stiffness (<30% of the tumor). Most
PLAs had a stiff core (n=50, 74.6%) with high shear
wave velocities (maximal velocity: 7.0 &= 1.9 m/s).
Among the 55 malignant tumors, the most common
histologic diagnoses were SCC (n=29, 46.8%) and aci-
nus cell carcinoma (n=3, 5.5%). All patients with SCC
and acinus cell carcinoma had ill-defined tumor margins
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Fig. 4. Representative (a) Virtual Touch imaging quantification (VTIQ) and (B) B-mode ultrasound images of a Warthin

tumor (WT). (a) Shear wave velocities on the color-coded map generated by VTIQ range from 3.16 to 5.63 m/s. Shear

wave velocity cannot be measured in cystic areas by VTIQ, and therefore, cystic areas are not color-coded. Shear wave

velocity measurements were obtained in surrounding tissue within the WT for analysis. Regions of interest where VTIQ

measurements were performed are denoted by small yellow squares. (b) WT on B-mode ultrasound with distal enhance-
ment (arrow).

on B-mode ultrasound, defined as indistinct and not cir-
cumscribed margins (Fig. 5). Although acinus cell carci-
nomas exhibited no perfusion, SCCs had a peripheral
vascularization pattern in 40.7% of cases. Compared

with acinus cell carcinoma, SCC had significantly higher
mean (6.8 & 1.1 m/s vs. 5.5 &+ 1.1 m/s) and maximal
shear wave (8.5 = 1.4 m/s vs. 6.8 £ 2.1 m/s) velocities
(all p values <0.001). In 96.3% of SCC cases, areas of
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Fig. 5. Representative B-mode ultrasound and Virtual Touch imaging quantification (VTIQ) of a malignant tumor. (a) VTIQ

image of a squamous cell carcinoma in the left parotid gland. VTIQ measurements were obtained within the lesion in areas of

slowest shear waves (color-coded in green in the image) and fastest shear waves (color-coded in red), as well as peripherally to

the lesion (arrowhead). If shear wave velocities exceeded 10.0 m/s (denoted as Vs =“hoch” or high velocity on the equipment),

the shear wave velocity was recorded as 10.0 m/s, as VTIQ only allows measurements of shear waves in the range 0.5 to
10.0 m/s. (b) Corresponding heterogeneous echogenicity on B-mode ultrasound with ill-defined margins (arrows).

low tissue stiffness (shear wave velocity <3.5 m/s) on malignancy (odds ratio [OR]: 2.04, 95% confidence
VTIQ encompassed <30% of the tumor. interval [CI]: 1.61—-2.57, per 1.0 m/s increase), as were
On univariate logistic regression, faster mean shear ill-defined tumor margins on B-mode ultrasound (OR:

waves were associated with a significantly higher risk of 1224.0, 95% CI: 151.8—9872.7) and presence of
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Fig. 6. Vascularization pattern on B-mode ultrasound in a pleomorphic adenoma. Central vascularization (arrow) of a
pleomorphic adenoma with polycyclic lesion margins (arrowhead). MSCM =musculus sternocleidomastoideus;
VRM = vena retromandibularis.

necrosis (OR: 87.9, 95% CI: 19.8—390.2). A graded
relationship between the proportion of the tumor with
high tissue stiffness (shear wave velocity >6.0 m/s) and
the probability of malignancy was observed (OR: 10.23,
95% CI: 4.96—21.11 for 30%—70% of the tumor, and
OR: 24.43, 95% CI: 7.33—81.42) for areas exceeding
70% with shear wave velocity >6.0 m/s. Risk relation-
ships for mean shear wave velocity (OR: 1.87, 95% CI:
1.40—2.49) and stiff areas (area >70%; OR: 14.23, 95%
CI: 2.91—-69.57) were attenuated when controlling for
the presence of necrosis, ill-defined margins and location
of vascularization pattern.

The diagnostic performance of various imaging
parameters with respect to prediction of tissue dignity,
compared with the reference standard of histopathology
from the surgical specimen, was assessed using AUCs.
Diagnostic performance of imaging parameters derived
from pre-operative B-mode ultrasound (ill-defined mar-
gins) was compared against the diagnostic performance
of parameters derived from VTIQ (mean shear wave
velocity and “stiff areas,” defined as the proportion of
the parotid tumor with shear waves >6.0 m/s using
DeLong’s method). AUC curve analyses revealed that
ill-defined tumor margins on B-mode ultrasound had the
highest diagnostic performance in predicting malignancy
(AUC: 0.97, 95% CI: 0.95—0.99) compared with mean
shear wave velocity on VTIQ alone (AUC: 0.78, 95%

CI: 0.71—0.85) or the proportion of the tumor with high
tissue stiffness (shear wave velocity >6.0 m/s) (AUC:
0.78, 95% CI: 0.72—0.85) (p < 0.001) (Fig. 7).

Diagnostic performance was improved when pres-
ence of necrosis and location of vascularization were
added to mean shear wave velocity (AUC: 0.89, 95% CI:
0.83—0.94) and stiff areas (AUC: 0.90, 95% CI:
0.86—0.95), respectively (Fig. 8). Despite improved
diagnostic accuracy with addition of necrosis and vascu-
larization patterns to the VTIQ parameters of mean shear
wave velocity and stiff areas, ill-defined tumor margin
had the highest AUC (AUC: 0.97, 95% CI: 0.95—-0.99)
(p < 0.001) (Fig. 8).

Univariate logistic regression revealed a high predic-
tive ability for a PLA when a stiff core was recognized
(OR: 282.35,95% CI: 36.51—-2183.56) (» < 0.001).

DISCUSSION

The aim of this prospective study was to define
sonographic imaging characteristics of benign and
malignant parotid gland tumors and to investigate the
diagnostic performance of multimodal ultrasonography
using B-mode ultrasound in combination with VTIQ in
differentiating benign from malignant parotid tumors.
We found that ill-defined tumor margins on B-mode
ultrasound were the strongest indicator of malignancy.
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Fig. 7. Diagnostic performance of ill-defined margins, mean shear wave velocity and stiff areas. Receiver operating
characteristic (ROC) curves for model 1, plotting sensitivity versus specificity. ROC curves describe the diagnostic per-
formance of the following imaging parameters obtained on pre-operative B-mode ultrasound and Virtual Touch imaging
quantification to identify malignancy, compared with the reference standard of histopathology from surgical specimen:
(i) ill-defined tumor margins, (ii) mean shear wave velocity (m/s) of the parotid tumor and (iii) proportion of the parotid
tumor (categorized as <30%, 30%—70% or >70%) with shear wave velocity >6.0 m/s (stiff areas). The diagnostic accu-
racy with respect to tumor dignity is compared among these three imaging parameters using the DeLong test. The area
under the curve (AUC) for ill-defined margins was 0.97 (95% confidence interval [CI]: 0.95—0.99); for mean shear
wave velocity, the AUC was 0.78 (95% CI: 0.71—0.85); and for stiff areas, the AUC was 0.78 (95% CI: 0.72—0.85) (p
< 0.001).

Fig. 8. Diagnostic performance of ill-defined margins, and models consisting of necrosis, vascularization pattern and
mean shear wave velocity, or stiff areas. Receiver operating characteristic (ROC) curves for model 2, plotting sensitivity
versus specificity. ROC curves describe the diagnostic performance of the following imaging parameters obtained on
pre-operative B-mode ultrasound and Virtual Touch imaging quantification (VTIQ) to identify malignancy, compared
with the references standard of histopathology from a surgical specimen: (i) ill-defined tumor margins; (ii) a combination
of mean shear wave velocity, presence of necrosis and vascularization pattern; and (iii) a combination of stiff areas, pres-
ence of necrosis and vascularization pattern. The diagnostic accuracy with regards to tumor dignity is compared among
these imaging parameters using DeLong test. The area under the curve (AUC) for ill-defined margins was 0.97 (95%
confidence interval [CI]: 0.95—0.99); for a combination of mean shear wave velocity, necrosis and vascularization pat-
tern, the AUC was 0.89 (95% CI: 0.83—0.94); and for a combination of stiff areas, necrosis and vascularization pattern,
the AUC was 0.90 (95% CI: 0.86—0.95) (p < 0.001).

Nevertheless, inflamed benign tumors can also lead to increased risk for malignancy. Therefore, with additional
poorly defined tumor margins (Mantsopoulos et al. non-invasive tissue characterization by VTIQ, more
2015a, 2015b, 2015¢, 2015d). Faster shear wave veloci- information on a parotid gland lesion is gained and diag-

ties and larger areas of stiff tissue were associated with nostic accuracy can be further improved.



Prior studies have indicated the importance of iden-
tifying malignant tumors in the parotid gland pre-opera-
tively to optimize patient treatment and avoid repeat
surgeries with their associated complications (Mantso-
poulos et al. 2015b, 2015c). However, defining the tumor
entity non-invasively before surgical intervention can be
challenging because of the complexity and diversity of
parotid lesions (Zengel et al. 2018). Ultrasound is a
widely established imaging modality and constitutes an
important, non-invasive tool in the evaluation of parotid
lesions (Koischwitz et al. 2000; Heine et al. 2018). It is
cheap, readily available and quick to perform although it
is operator dependent. In contrast, measurement of tissue
stiffness with VTIQ can provide a more objective assess-
ment of tissue characteristics (Zengel et al. 2018).
Although well validated in the evaluation of breast and
thyroid malignancies, VTIQ to date has not been estab-
lished as a tool in the evaluation of parotid masses
(Athanasiou et al. 2010; Zhou et al. 2017).

Several previous studies evaluating VTIQ as a predic-
tor for malignancy in the parotid gland have yielded con-
flicting results (Matsuzuka et al. 2015; Mansour et al.
2017; Zengel et al. 2018). Klintworth et al. (2012) reported
a significant difference in characteristic patterns of tissue
stiffness of parotid tumors. A subsequent meta-analysis
derived from 10 studies (n=711 patients) investigated the
predictive ability of sonoelastography in distinguishing
benign from malignant parotid lesions and reported limited
discriminative ability with the use of VTIQ for malignant
parotid tumors (Zhang et al. 2019). However, most of these
studies included only a small number of patients with
malignancy, limiting power. In contrast, in the present
study, with a substantially larger cohort size and 55 patients
diagnosed with malignancy, mean and maximal shear wave
velocities were significantly higher in malignant compared
with benign parotid tumors, though absolute differences in
velocity were rather small. Nevertheless, faster shear waves
were associated with a significantly higher risk of malig-
nancy though risk relationships were attenuated on multi-
variate adjustment.

Concordant with results from Zhang et al.’s meta-
analysis, malignant parotid tumors in the present study
had stiffer tissue than benign lesions and therefore faster
mean shear wave velocities on VTIQ. However, there
was a considerable overlap in shear wave velocities
among malignant and benign tumors in the present study.
We hypothesize that this overlap may be related to the
great variation in histologic dignity in the parotid gland.
Some lesions, such as a WT, have a greater area of cystic
elements. Within the cystic areas, VTIQ cannot be mea-
sured and therefore provides no additional information
regarding tumor dignity in comparison to B-mode ultra-
sound. However, some WTs also present with soft areas,
where VTIQ can be easily applied. Our study results
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indicated that WTs had slower shear wave velocities
than PLAs. On the other hand, PLAs more frequently
had a stiff core with faster shear wave velocities, making
it difficult to distinguish PLAs from malignant tumors
based on a single measurement of maximal shear wave
velocity (Klintworth et al. 2012). Nevertheless, malig-
nancies encompassed a greater area of fast shear wave
velocities over 6.0 m/s in comparison to PLAs and other
benign lesions. Therefore, a high proportion of the tumor
with shear wave velocities >6.0 m/s is a strong indicator
for malignancy.

In a study evaluating salivary gland lesions in
patients with Sjogren’s syndrome, Knopf et al. (2015)
reported that mean shear wave elastography was able to
perform well in the evaluation of salivary gland tumors.
This study found slower mean shear wave velocities in
healthy glandular tissue. The mean shear wave velocity
measured in the healthy parotid tissue was 2.86 m/s, sim-
ilar to the velocities measured in this study.

Matsuzuka et al. (2015) measured mean shear wave
velocities on VTIQ of 4.24 + 1.75 m/s in benign lesions.
This study found that VTIQ had high discriminative
power in differentiating between malignant and benign
tumors, with an AUC of 97.1% (Matsuzuka et al. 2015).
Our study was able to include a large patient cohort of
malignant salivary gland lesions with a diverse represen-
tation of tumor entities. While mean shear wave velocity
was associated with malignancy, these risk relationships
were attenuated on multivariate adjustment. Although
ill-defined margins on B-mode ultrasound had greater
diagnostic performance, mean shear velocity neverthe-
less was found to have good discriminative accuracy in
the differentiation of malignant from benign lesions. On
the basis of shear wave velocity derived from VTIQ,
pre-operative planning can be adapted, such as perform-
ing a core needle biopsy for dignity determination
(Zbaren et al. 2018).

The strengths of this study include the prospective
study design and the large number of parotid tumors
with histologic verification from a surgical specimen
rather than fine-needle aspirates and the diversity in
pathologies (Mezei et al. 2018).

Our study should be interpreted in the context of its
limitations. Ultrasonography was performed by trained
and experienced investigators, and the diagnostic perfor-
mance of B-mode ultrasound findings in relation to
VTIQ may be less predictive in the hands of an inexperi-
enced sonographer. The predictive ability of B-mode
ultrasound in conjunction with VTIQ for a malignant
lesion should be prospectively evaluated in a larger
patient cohort by an inexperienced sonographer in a sep-
arate study. Lymphomas were excluded from the analy-
sis because of the small sample size (n=7) and because
their imaging characteristics have been found to differ
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from those of malignant tumors with slower shear waves
on VTIQ compared with other malignancies (Okasha
et al. 2014; Chae et al. 2019).

Furthermore, because of the small number of
patients with lymphoma, our study was underpowered to
assess differences in imaging characteristics between
patients with lymphomas and those with other malignan-
cies. Nevertheless, lymphomas can usually be diagnosed
according to clinical signs on presentation and have a
distinctive appearance on B-mode ultrasound similar to
a “string of beads” (Bialek and Jakubowski 2017).

CONCLUSIONS

In our study, higher mean and maximal shear wave
velocity on VTIQ and greater proportion of the tumor of
high stiffness were associated with increased risk for
malignancy in parotid gland tumors. Although the diag-
nostic performance of ill-defined tumor margins outper-
formed mean shear wave velocity and areas of high
tissue stiffness, VIIQ by itself is predictive of malig-
nancy. Benign tumors have slower shear wave velocity
and less variation in velocities. By combining B-mode
ultrasound with VTIQ, additional information on the dig-
nity of a parotid mass may be gained, which can help
optimize pre-operative planning and patient care.
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