L))

Check for
updates

Original Article

The current value of quantitative shear wave sonoelastography in
parotid gland tumors

Vivian Thimsen', Miguel Goncalves’, Michael Koch', Konstantinos Mantsopoulos', Joachim Hornung',
Heinrich Iro', Mirco Schapher'

'Department of Otorhinolaryngology, Head and Neck Surgery, Universititsklinikum Erlangen, University of Erlangen-Niirnberg (FAU), Erlangen,
Germany; ‘Department of Otorhinolaryngology, Head and Neck Surgery, University of Aachen, RWTH, Aachen, Germany

Contributions: (I) Conception and design: M Schapher, V Thimsen; (I) Administrative support: M Schapher, V Thimsen, M Koch, K Mantsopoulos;
(IIT) Provision of study materials or patients: H Iro, M Koch, ] Hornung, K Mantsopoulos; (IV) Collection and assembly of data: V Thimsen, M
Schapher, M Goncalves; (V) Data analysis and interpretation: V Thimsen, M Schapher, M Goncalves; (VI) Manuscript writing: All authors; (VII)
Final approval of manuscript: All authors.

Correspondence to: Mirco Schapher, MD, PhD, MSc. Department of Otorhinolaryngology, Head and Neck Surgery, Universititsklinikum Erlangen-
Niirnberg, University of Erlangen-Niirnberg (FAU), Waldstrasse 1, 91054 Erlangen, Germany. Email: mirco.schapher@uk-erlangen.de.

Background: The preoperative differentiation between salivary gland tumor entities using computed
tomography, magnetic resonance imaging (MRI) and ultrasound (US) is still limited. Biopsies are often
regarded as indispensable for properly characterizing these various lesions. The aim of this study was to
analyze the value of acoustic radiation force impulse (ARFI) sonoelastography as an US differentiation tool
when examining parotid gland (PG) lesions.

Methods: We included 104 patients with PG masses in this study, employing two different US devices
using quantitative ARFI-sonoelastography (Siemens Acuson-S3000, n=59; Siemens Acuson-Sequoia, n=45).
The ability of sonoelastographic measurements to differentiate between different neoplasms was compared
and analyzed for both US machines.

Results: Quantitative shear wave sonoelastography is limited in its ability to reliably differentiate between
tumor entities of the PG as a stand-alone parameter. Measurement results were unsystematically distributed
and not transferable between the two US devices. A significant differentiation of benign and malignant
lesions was not possible with either US machine (S3000: P=0.770, Sequoia: P=0.382). A differentiation
between pleomorphic adenomas (PA) and Warthin tumors was only possible with the Acuson S3000 system
(P=0.001, Spearman-Rho =0.492, sensitivity 73.9%, specificity 65.0%).

Conclusions: A reliable identification and differentiation of PG tumors as well as clinical treatment
decisions cannot be made with the sole use of ARFI-sonoelastography. The results emphasize the device-

dependence and high error-proneness of this US technique when examining lesions of the PG.
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Introduction malignant lesions 10-20% of all cases (2). The WHO has

listed 11 benign and 22 malignant salivary gland tumor
Salivary gland tumors represent about 2-6% of all head entities (4), a considerable number which poses a diagnostic
and neck neoplasms (1-3), the majority arising within the and therapeutic challenge.

parotid gland (PG). Benign lesions constitute 80-90% and Computed tomography (CT) and magnetic resonance
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imaging (MRI) are the most frequently used imaging
methods for assessing these masses (5-7). Unfortunately,
overlapping characteristics of the various tumor entities
reduce the validity of these imaging techniques to
distinguish different neoplasms from one another.
Former studies evaluating CT and MRI modalities to
predict the nature of PG neoplasms reported on limited
sensitivity and specificity (8,9). Although recent MRI
techniques considering diffusion and perfusion patterns
have occasionally been described as helpful, these are
expensive, time-consuming and still limited in their overall
conclusiveness (8,10,11). Consequently, biopsies are often
still regarded as indispensable for a proper characterization
of lesions and further therapeutic planning (12). However,
the course of the facial nerve within the gland and the risk
of its injury performing invasive diagnostic measures explain
the continuing desire for further non-invasive diagnostic
options.

Ultrasound (US) is an additional valuable tool to
assess salivary gland lesions and supplies complementary
information. It is fast, easily obtainable, radiation-free
and cost-effective. Conventional B-mode and color-
Doppler examinations allow a precise evaluation of certain
characteristics of salivary gland masses but cannot—each or
in combination—reliably differentiate between the different
tumor entities or at least between benign and malignant
lesions (8,9,13-16). At present, extended US techniques are
required to answer these remaining questions.

The benefit of sonoelastographic measurements to
further characterize neoplasms is accepted in breast (17),
thyroid (18-20), liver (21,22) and prostate lesions (23).
Different elastography techniques are available all of which
assess tissue stiffness/elasticity as a potential indicator of
malignancy. Although malignant tumors often proved to be
stiffer than benign lesions in the before mentioned organs,
several studies came to different conclusions when analyzing
salivary gland tumors. This reported discrepancy might be
due to diverse sonoelastographic measurement techniques
and different devices used in past studies assessing salivary
glands, limiting the overall comparability of the results.
For sonoelastography in salivary gland tumors, large
differences were reported in specificity, ranging from
26-89% (15,24-29). A recent meta-analysis (30) concluded
that quantitative and semi-quantitative methods performed
better than qualitative ones, and that the sonoelastographic
measurement technique was the most significant factor to
cause the heterogeneity of former study results, diluting the
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informative value.

We designed the present study to evaluate the use and
reliability of elastographic measurements in PG tumors,
excluding the influence of other US features to avoid any
form of bias. Only quantitative methods (ARFI-VTIQ shear
wave technique and ARFI-2D shear wave technique) were
employed, using two different high-end US devices. To the
best of our knowledge, this is the first assessment of this
kind.

We investigated whether it was possible to reliably
differentiate between the various tumor entities or between
benign and malignant masses using quantitative shear wave
elastography as an independent parameter. Adhering to a
strict examination protocol, we further analyzed whether
obtained measurement values were dependent on the US
device or the shear wave detection technique applied,
whether the values were stable and transferable/comparable,
and whether potential cut-off values could be established to
support the diagnostic process in PG neoplasms.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-837).

Methods
Study population

Data were obtained at an academic tertiary referral center
specializing in salivary gland pathologies. Written informed
consent was obtained from each patient for diagnostic
procedures, therapeutic measures and scientific data
processing, approved by the University’s ethical review
board (IRB No. 156_20 Bc), observing the university’s
general contract conditions and the World Medical
Association Declaration of Helsinki (as revised in 2013).

In total, we included 104 patients in the study cohort
retrospectively [43 men (41.3%), 61 women (58.7%);
mean age 54.9+15.6 years, Table 1] who presented to our
department with a PG mass from May 2016 to September
2019. Every patient received a clinical and US examination
prior to surgery, all of which were carried out in our
department. Individuals were excluded (n=17) if the
neoplasm could not be depicted completely on US (tumor
size, dorsal sound extinction caused by the mandible), or
if they did not receive further surgical treatment in our
department, including a histopathological analysis of the
neoplasm after its complete removal. We did not consider
results of core needle biopsies. All tumors were examined

Gland Surg 2021;10(4):1374-1386 | http://dx.doi.org/10.21037/gs-20-837


http://dx.doi.org/10.21037/gs-20-837
http://dx.doi.org/10.21037/gs-20-837
https://www.dict.cc/englisch-deutsch/ethical.html
https://www.dict.cc/englisch-deutsch/review.html
https://www.dict.cc/englisch-deutsch/committee.html

1376

Table 1 Study population and observed tumor entities

Thimsen et al. Shear wave sonoelastography in PG tumors

Parotid gland tumors Total n=104 Male (n=43, 41.3%) Female (n=61, 58.7%)
Benign entities 95 38 57
Warthin tumor 41 19 22
Pleomorphic adenoma 35 12 23
Basal cell adenoma 4 1 3
Cystic lesion 5 4 1
Oncocytoma 2 - 2
Inflamed lymph node 2 1 1
Lipoma 2 1 1
Oncocytary sialolipoma 1 - 1
Schwannoma 1 - 1
Neurofibroma 1 - 1
Benign salivary hybrid tumor 1 - 1
Malignant entities 9 5 4
Primary malignancies 3 2 1
Low-grade mucoepidermoid carcinoma 1 1 -
Ductal adenocarcinoma 1 1 -
Acinic cell carcinoma 1 - 1
Secondary malignancies 6 3 3
Non-Hodgkin lymphoma 3 3 -
Parotid lymph node metastasis 3 - 3
Squamous cell carcinoma 1 - 1
Malignant melanoma 1 - 1
Renal cell carcinoma 1 - 1

and classified by experienced pathologists of the university
specializing in salivary gland diseases.

US examinations

We performed US examinations using two different high-
end US devices [Acuson S3000, 9L4 transducer, ARFI-
VTIQ (Virtual Touch Imaging and Quantification) shear
wave elastography; Acuson Sequoia, 10L4 transducer,
ARFI-2D-shear wave elastography; all products from
Siemens Healthineers, Erlangen, Germany; ARFI: Acoustic
Radiation Force Impulse]. All patients received an US
examination of the head and neck, including the PG. US
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was performed by three otolaryngologists, all certified by
the German society of US in medicine (DEGUM), and with
several years of experience in the treatment of salivary gland
diseases. The standardized examination protocol included
a conventional B-scan, color-coded duplex sonography
and elastographic measurements, with precise definitions
of how the elastographic recordings had to be performed.
Color gain and pulse repetition frequencies were adapted
as necessary to avoid artifacts. We determined tumor sizes
on the axial and coronal axes and recorded still pictures
and video sequences to reduce examiner-dependency. As
US cannot depict the facial nerve appropriately, we did not
address the spatial relationship between the tumors and the
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nerve in this study.

For the elastographic measurements of tumors, the
transducers were positioned directly above the mass to
ensure a perpendicular measurement angle, held with
only two fingers so that the mere weight of the transducer
was responsible for any pre-compression of the tissue.
A sufficient quantity of US gel (Aquasonic 100, Parker
Laboratories, Fairfield, USA) was applied and sufficient
contact with the skin was ensured. We adjusted the imaging
depths to depict the neoplasm completely. Each system
allowed the tracking of shear waves within the region of
interest (ROI) perpendicular to the transmitted longitudinal
push pulse, and time-to-peak-analysis served to obtain shear
wave velocities [SWYV, (m/s)]. Each tumor was examined
with one US device only, as both of the devices were not
available simultaneously.

With the S3000 system (n=59), we obtained elastographic
measurements within a rectangular ROIL. The window was
placed to center the tumor, the size adjusted to completely
cover the tumor area, including a rim of healthy adjacent
tissue, and the measurement record was started. Within
the ROI, we defined independent measurement points
exclusively within the neoplastic tissue respecting 2—-3 mm
distance from each other, arranged in rows and columns, to
ensure a homogeneous distribution throughout the tumor,
resulting in 4-18 record values for each lesion, dependent
on its size. SWVs [m/s] including their individual depths
[em] and the quality of each measurement were recorded
(Figure 1A4,B,C). The mean value of the SWVs was obtained
(+ standard deviation, SD) for each neoplasm.

With the Sequoia system (n=45), we performed
elastographic measurements after defining a circular ROI
exclusively covering the tumor. The software calculated the
mean values of the SWVs [m/s], modulus of elasticities [E,
(kPa)] and SD within this ROI. In addition, we recorded the
ROI mean depth, the ROI diameter and the quality of every
measurement (Figure 1D,E,F). As in the S3000, we used the
mean SWV-values (= standard deviation, SD) for further
analysis.

Statistical analysis

According to the histopathological results, matching
entities were categorized in groups. We calculated
significances, specificities, correlation coefficients, ROC-
curves and possible cut-off-values for each specific question
(SPSS, Version 24, IBM Corporation, Armonk, USA). As
a Gaussian distribution of the SWV-values could not be
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assumed (Kolmogorov-Smirnov and Shapiro-Wilks test),
we applied the Mann-Whitney test for further data analysis.
P values <0.05 were considered significant.

Results
Study population and observed tumor entities

US examinations and ARFI-shear wave sonoelastographic
measurements were performed in 104 patients with PG
masses (Table I). After surgery, pathohistological analyses
determined 91.3% of the tumors as benign [n=95/104;
41 Warthin tumors (WT), 35 pleomorphic adenomas
(PA), 4 basal cell adenomas, 5 lymphoepithelial cysts, 2
oncocytomas, 2 inflammatory lymphnodes, 2 lipomas, 1
oncocytary sialolipoma, 1 schwannoma, 1 neurofibroma
and 1 benign salivary hybrid tumor] and 8.7% as
malignant [n=9/104; 3 primary salivary gland malignomas
(1 low-grade mucoepidermoid carcinoma, 1 ductal
adenocarcinoma and 1 acinic cell carcinoma without high-
grade transformation), 6 secondary malignancies of the
PG (3 non-Hodgkin-lymphomas, 3 lymphnode metastases
of squamous cell carcinoma, malign melanoma, renal cell
carcinoma)].

Absolute SWV-values obtained by ARFI-2D shear wave
sonoelastography were not transferable between the

different US systems

"To examine the constancy of SWV-values using the ARFI-
shear wave technique, we compared the SWVs of different
tumor subgroups obtained with the two different machines
(Table 2). SWV-values for identical tumor entities differed
more between the two devices than they did between the
various tumor entities obtained with the same device (e.g.,
the differences in SWV-values between PA when comparing
the S3000 with the Sequoia were larger than the differences
in SWV-values between PA and Warthin tumors within
each of the two devices, Table 3). Various calculations to test
whether a correlation (e.g., a potential conversion factor)
existed between the mean SWV-values and the employed
US device revealed that the measurement values were
unsystematically distributed in both machines and therefore
not transferable from one system to the other (significance
tests, quotient formation, subtraction of mean values; not
shown). As the mean SWV-values were at least system-
dependent, further statistics had to be calculated for both
US systems separately.
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PG sagittal

Figure 1 Ultrasonography in parotid gland tumors, using either the Acuson S3000 (A-C) or the Acuson Sequoia (D-F) ultrasound system.
(A) B-mode image of the right PG, depicting a mass within the parenchyma as a hypoechoic, rounded and quite homogeneous structure
with defined margins. The histopathological examination subsequently identified this lesion as a pleomorphic adenoma. (B) Quantitative
ARFT (Acoustic Radiation Force Impulse) shear wave elastography (VTIQ: Virtual Touch Imaging and Quantification) measurement of
the lesion depicted in (A). The quadrangular region of interest (ROI) in which SWVs were obtained was positioned to cover the tumor.
After the record was taken, in this case ten different measurement values were determined exclusively within the tumorous area. SWVs are
additionally shown as color-coded signals (red: high velocities; green: low velocities). (C) Quality assurance of the obtained elastographic
record revealing a high and homogeneous measurement quality throughout (green). (D) B-mode image of a second right PG in a
different patient. The hypoechoic lesion here exhibits well-defined boundaries, a polycyclic shape and a slightly heterogeneous interior,
also representing a pleomorphic adenoma. (E) Quantitative ARFI-2D-shear wave elastography of the mass depicted in (D). The Sequoia
software uses a circular ROI within which SWVs were averaged automatically. Velocities are additionally shown as color-coded signals (red:
high velocities; green: intermediate velocities; blue: low velocities). (F) Elastographic quality-assessment of the obtained image. Besides the
color-coded representation, the system software automatically calculated and displayed the standard deviation (Std-Abw.) of the obtained
measurement values. All parameters revealed a consistent high and homogeneous image quality. rPG, right parotid gland; MM, masseter

muscle; Mand, mandible; V, retromandibular vein; MSCM, sternocleidomastoid muscle; SWYV, shear wave velocity.

Table 2 Mean values for shear wave velocities (SWVs) in different parotid gland lesions, obtained with two different US devices

Tumor entities Total S3000, n SWVs [m/s] S3000 Sequoia, n SWVs [m/s] Sequoia P

Benign tumors 95 52 4.88+1.88 43 2.71+0.91 0.000
Pleomorphic adenoma 35 23 5.95+1.92 12 3.16x1.14 0.000
Warthin tumors 41 20 4.13+1.00 21 2.42+0.69 0.000
Other benign tumors 19 9 3.07+1.97 10 2.79+0.85 0.227
Malignant tumors 9 7 5.04+1.94 2 2.20+0.77 0.026
Total 104 59 4.88+1.88 45 2.68+0.9 -

P values indicate significant differences in obtained SWV-values when comparing the two devices.

© Gland Surgery. All rights reserved. Gland Surg 2021;10(4):1374-1386 | http://dx.doi.org/10.21037/gs-20-837



Gland Surgery, Vol 10, No 4 April 2021

1379

Table 3 Tumor volumes, shear wave velocity (SWV)-values and correlations obtained from pleomorphic adenomas (PA) and Warthin tumors (WT)
with two different ultrasound (US) devices (Acuson S3000 and Acuson Sequoia)

PA WT

Acuson S3000 Sequoia Acuson S3000 Sequoia
n 21 12 20 20
Mean tumor volume [cm®] 3.84+4.70 4.14+3.47 6.72+6.75 5.70+5.37
Puoiume 0.818 0.529
Mean SWV [m/s] 5.95+1.92 3.16+1.14 4.13+1.00 2.42+0.69
Pswy 0.000 0.000
Spearman-Rhogyy.vo 0.062 0.284 0.259 0.002

The mean tumor volumes did not differ significantly between both US devices (Pyyume), but the mean SWV-values did (Pgy,). No significant
correlation between tumor volumes and SWV-values was detected. PA, pleomorphic adenomas; WT, Warthin tumors; SWV, shear wave

velocity.

PG tumor dignities and entities could not be differentiated
reliably by ARFI-shear wave sonoelastography

We calculated the results separately for each of the two
US devices. In benign tumors, the mean SWV-values
were 4.88+1.88 m/s (53000) and 2.71+0.91 m/s (Sequoia),
revealing significant differences between both machines
(Pen=0.000). For malignant lesions, the SWV-values were
5.04£1.94 m/s (§3000) and 2.20£0.77 m/s (Sequoia), also
detecting significant differences (Py;,;=0.026) when the two
systems were compared (Table 2).

When we compared SWVs of benign with those of
malignant lesions for each US system separately, the
statistical results indicated that it was neither possible with
the S3000 (P=0.770) nor with the Sequoia system (P=0.382)
to detect significant differences (Figure 2A,B). Spearman-
Rho did not show any significant correlation between
SWVs and tumor dignity in any of the two US devices used
(Spearman-Rhog;000=0.040; Spearman-Rhog,y,,=0.133). The
receiver operating characteristic (ROC) indicated a random
value distribution for benign and malignant lesions in both
devices (AUCg;000.0.536; AUCq,gu0,=0.315).

Second, we asked whether these statistically insignificant
results were caused by varying and potentially disturbing
SWVs obtained from PA, as the latter occur in different
subtypes with fluctuating consistencies (31,32). To assess
this, we firstly calculated the SWV-values of all benign PG
lesions except PA for each US device separately (Figure 2C,D;
mean SWVg;00 penwora=3-98£1.35 m/s; mean SWVs, i
BENwopa=2.33%0.75 m/s) and compared them with those of
malignancies (mean SWVg;400aar=5.0421.94 m/s; mean
SWVsquoiamar =2.20£0.77 m/s). For both devices, we neither
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found significant differences (Ps;000=0.162; Psequos=0-483), nor
did Spearman-Rho indicate any correlation between SWVs
and tumor dignity (Spearman-Rhos;00=0.240; Spearman-
Rhog,,01,=0.126; ROC-curves). In conclusion, the wide range
of SWVs obtained from PA did not influence the mean
SWV-values of other benign entities in a way that impeded
their differentiation from malignant lesions.

Third, we compared the SWVs of PA exclusively (mean
SWV3000.24a=5.95£1.92 m/s; mean SWV, 510 pa=3.16%
1.14 m/s) with those of all other, grouped benign PG tumors
except PA (Figure 2E,F; mean SW V5000 prnyopa=3.98+1.35
m/s; mean SWV i prenwora=2.53£0.75 m/s). Here we
achieved varying results: SWV-values obtained with the
S3000 differed significantly between the two groups (PA
vs. all other grouped benign tumors, P=0.000; Spearman-
Rho =0.517, cut-off value =4.39 m/s; sensitivity: 82.6%,
specificity: 72.4%), whereas this was not the case for values
obtained with the Sequoia (P=0.072; Spearman-Rho =0.281;
ROC-curves).

Fourth, we compared the mean SWVs of PA with those
of malignant lesions, yielding no statistically significant
differences in any system (Figure 2G,H; S3000: P=0.270,
Spearman-Rho =0.277; Sequoia: P=0.234, Spearman-Rho
=0.249; ROC-curves).

The ability to differentiate PA from Warthin tumors (W)
was limited and device-dependent

We posed the hypothetical question whether ARFI-
shear wave sonoelastography is useful for differentiating
between PA and W'T, which comprise the two most
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Figure 2 Receiver operating characteristic (ROC) curves for both ultrasound (US) devices in specific attempts at tumor differentiation. The
accuracy of shear wave velocity (SWV)-values to distinguish specific tumors from one another is displayed in each image. The left column
illustrates the results obtained with the Acuson S3000 system (A,C,E,G,]), the right column those obtained with the Acuson Sequoia (B,D,EH,]).
The course of the curve near the diagonal line indicates a random distribution of the measured values independent of the histopathological
nature of the tumors compared. (A,B) Velocity value distribution comparing benign with malignant PG lesions. (C,D) Velocity value distribution
comparing benign masses except PA with malignant lesions. (E,F) Velocity value distribution comparing PA with all other benign lesions except
PA. (G,H) Velocity value distribution comparing PA with malignant lesions. (I,J) Velocity value distribution comparing PA and W'T. Taken
together, we could only detect significant results in the sonoelastographic differentiation of PA from WT (P=0.000) and the differentiation of PA
from BENwoPA (P=0.001) using the S3000. With the Sequoia, we could not detect any significant results. PG, parotid gland; PA, pleomorphic
adenomas; WT, Warthin tumors; BENwoPA, benign tumors except PA; BEN, benign tumors; MAL, malignant tumors.
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Figure 3 Scatter plots illustrating the correlation of shear wave
velocity (SWV-)values and tumor volumes in benign parotid gland
(PG) neoplasms (Acuson S3000). A weak, but negative correlation
of the recorded the SWV-values and the tumor volume of benign
PG tumors was found when the Acuson S3000 US device was
used. The wide range of SWV-values for similar tumor volumes
is remarkable. The data for the Sequoia are not shown as no

significant differences were observed.

common benign lesions of the PG. Statistical evaluations
were carried out separately for each system. Using the
S3000, the SWV-values of PA differed significantly from
those of WT (P=0.001; Spearman-Rho =0.492; np,=23;
mean SWV,,=5.95+1.92 m/s; ny1=20, mean SWV;=4.13+
1.00 m/s, Tiable 2). Here, a SWV-cut-off value to differentiate
PA from WT could be defined as 4.62 m/s (sensitivity:
73.9%; specificity: 65.0%). Using the Sequoia, no significant
discrepancies between PA and WT were found (P=0.067),
only a slight correlation was detected (Spearman-Rho =0.324;
npy=12, mean SWVy, =3.16x1.14 m/s; ny =21, mean SWV -
=2.42+0.69 m/s, Table 2). Although SWV-values indicated
that PA tended to be generally stiffer than WT in both
systems, a cut-off-value could only be determined for one
of the two devices (S3000, with a specificity of only 65.0%).
The ROC curves revealed only a fair degree of accuracy for
the differentiation between PA and WT in both systems
(AUCs;3000=0.785; AUCy,1,=0.694, Figure 213).

The tumor size may influence SWV-values in the PG

The PG is surrounded by a scarcely elastic fibrous capsule.
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An increasing size of a PG neoplasm may therefore increase
the compression of the adjacent healthy gland parenchyma
which cannot expand due to that capsule, and this might
alter the stiffness of the entire gland, influencing SWV-
values. To test this, we correlated the tumor volumes,

assuming an ellipsoid body (iﬂabc; a, b, ¢ representing
3

half of the length, width and height of the tumor size)
with the SWV-values in each of the two systems. We
considered benign lesions only to exclude any influence of
tumor infiltration of the adjacent gland and because they
comprised the lesions with the largest mean tumor volume
in our study cohort.

Surprisingly, we found a significant but weak negative
correlation between the tumor volume and SWV-values for
lesions examined with the S3000 (N=49, P=0.04, Spearman-
Rho =0.295, mean tumor volume =5.74£6.14 cm’,
Figure 3), but not for those examined with the Sequoia
(N=42, P=0.706, Spearman-Rho =0.060, mean tumor
volume =4.92+4.35 cm’; not shown), although the mean
tumor volumes did not differ significantly (P=0.549). When
PA and WT were investigated separately, no correlation
between tumor volume and SWV-values for each of the
US devices or tumor entities was detected. The recorded
tumor volumes did not differ significantly between the
two systems (Ppy=0.818; Py1=0.529), while the SWV-
values did (Psyy=0.000 each, Table 3). These results again
demonstrated the high inconsistency in measurement
values, even though two similar US devices were used and
similar cases investigated. In summary, we did not obtain
congruent results in both machines and could not conclude
that larger tumors tend to increase the stiffness of the PG in
general (Spearman-Rhogyy.vo; 1able 3).

Discussion

The assessment of PG tumors using US has numerous
advantages: US is a fast, cost-effective, radiation free
and precise real time imaging modality available nearly
anywhere. Treating surgeons can perform the examination
on their own, which is particularly helpful during the
operation. The further evaluation of cervical lymph nodes
complements the overall picture of the lesion. However,
bony structures reduce the field of view, and US is limited
in depicting tumors extending medially of the mandible,
tumors of the deep lobe, the parapharyngeal space or
those that are in close contact with the skull base. In these
cases, MRI and CT scans can supplement the results of
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US examinations. While CT scans can illustrate bony
infiltrations or distant metastasis, MRI is the technique
of choice to assess the infiltration of the facial nerve, the
dura or the parapharyngeal space. Although US provides
sufficient information to plan the surgical procedure
without the need for additional imaging in the majority of
PG neoplasms, the ability to distinguish different tumor
entities is limited in all imaging modalities. This is also
true for US, at least if exclusively B-mode or color-Doppler
examinations are performed.

The use and benefits of strain elastography and different
shear wave elastography techniques in PG lesions have
been assessed before, but statements diverged greatly as
to whether sonoelastography in general can be considered
helpful in identifying PG lesions (15,24-29). A former
meta-analysis concluded that quantitative methods—as the
ARFI-technique we used in this study—have provided more
stable results than semi-quantitative methods (30). As this
meta-analysis also considered results obtained with semi
quantitative techniques, the summarizing conclusion may
have been influenced by these less stable data.

Only scarce data are available on the use of ARFI-
techniques in PG lesions, obtained in few studies which
included only a limited number of patients (29,33-35).
These articles evaluated sonoelastography as an add-on
method to characterize PG masses, supplemented with
other US features. The goal of the present study, including
104 patients, was therefore to evaluate the use and reliability
of exclusively quantitative, ARFI-based sonoelastographic
measurements in PG tumors.

The different techniques used in US elastography
examinations can be confusing. In short, strain elastography
techniques detect local changes in tissue displacement, based
on the principle that, under compression by an impulse, soft
parts of the tissue delocalize more than stiff parts within
the ROL In contrast, shear wave elastography involves a
high-frequency US impulse generated by the device to
displace the tissue, but the generated shear waves propagate
orthogonally to the direction of tissue displacement, with
their velocities being recorded and quantified. Additional
technical differences exist in the generation of the impulse,
the ARFI-technique being one of the options available.

In this context and apart from well-elaborated
examination protocols for other organs, sonoelastographic
imaging of the PG seems particularly demanding. Several
limitations have to be taken into account (36). Firstly,
it should be assumed that PG neoplasms compress the
adjacent gland parenchyma. The organ as a whole can
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scarcely expand due to a surrounding fibrous capsule. This
might influence the stiffness of the whole organ, which may
alter the measurement values, depending on the size of the
tumor. Hence, it should be expected that the SWV-values
increase with the size of the tumor, which was not the case
according to our results (Figure 3, lable 3). Secondly, the
expansion of the gland is further limited by its close contact
with the mandible. The latter itself may further distort
the measurement due to its bony structure, restricting the
course, intensity and transmission of shear waves. Thirdly,
values obtained with older US devices might be affected
by tissue pre-compression caused by the contact between
the US transducer and the skin (37). Although newer
technologies claim that results are more or less independent
of this pre-compression, all mentioned influencing factors
might accumulate when examining the PG, impeding
precise data acquisition.

According to our present results, we can partially agree
with Zhang’s conclusion: we observed a heterogeneity
of measurement values in our study as well (Figures 3,4,
Tables 2,3), even though two devices with almost identical
quantitative shear wave techniques were used. In addition,
the obtained SWV-values were not consistently dependent
on the tumor size (Figure 3, Table 3). Consequently, the
discrepancies in the values we recorded cannot be explained
either by different assessment methods (both quantitative)
or by different sonoelastography techniques (both impulse-
triggered and SMV-based).

Our results indicate that these heterogeneous values
were either due to the different consistencies of the tumors
actually present, existing even within the same tumor entity,
or to other confounding effects.

Regardless of the reason, we were consistently
unsuccessful both in differentiating various tumor entities
from one another and in distinguishing benign from
malignant masses using both US devices (Table 4). These
findings support and in particular augment previous results
(24,29,35,38-40), while opposing others (25,34,41,42).

In detail, the majority of the cited studies included
more or less subjective or manufacturer dependent scores
to evaluate the elastographic findings, limiting their
comparability. According to our knowledge, only four
studies reported on quantitative SMV values (29,34,42,43).

Matsuzuka and co-workers (34) used the VTIQ
technique (as we did when using the S3000 system) and
reported on mean SWV-values of 4.24 m/s for benign
and 6.52 m/s for malignant lesions, with a cut-off value of
4.83 m/s. The authors observed significant differences,
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Figure 4 Illustration of shear wave velocity (SWV-)values obtained from different tumors of the parotid gland. The recorded values show a

high degree of variation even within matching tumor entities, preventing a reliable differentiation from one another. The sizes of ellipses do

not reflect the number of tumors. (A) SWV-values obtained with the Acuson S3000 system and (B) with the Acuson Sequoia system.

Table 4 Comparison of various tumor dignities/entities with one another, calculated for both ultrasound devices (Acuson S3000 and Acuson

Sequoia)

Differentiation Pss000 Spearman-Rhog;q0 Psequoia Spearman-Rhogequoa
Benign vs. malignant 0.770 0.040 0.382 0.133
Benign except PA vs. malignant 0.162 0.240 0.483 0.126

PA vs. WT 0.001 0.492 0.067 0.324

PA vs. malignant 0.270 0.277 0.234 0.249

PA vs. benign except PA 0.000 0.517 0.072 0.281

PA, pleomorphic adenomas; WT, Warthin tumors.

but the study only examined 11 benign and four malignant
PG neoplasms. Matsuzuka’s SWV-values are similar to our
results (1able 2, S3000 system); however, we found neither
significant differences nor a reliable cut-off value with
respect to this specific question.

Zengel [51 tumors, Siemens Acuson S3000; (29)], Liu [76
tumors, Siemens Acuson S2000; (42)] and Yu [51 tumors,
Siemens Acuson S2000; (43)] all used the VT'Q technique,
which recognizes SWV-values in direct proximity to the
impulse beam in a preconditioned ROI. While Zengel
reported no significant differences between benign and
malignant lesions (SWV-values of 6.35+2.14 and 6.24+
2.91 m/s, respectively), Liu provided significantly different

© Gland Surgery. All rights reserved.

results for benign and malignant tumors (SWV-values of
2.14+0.25 and 3.19+0.73 m/s, respectively; cut-off value of
2.45 m/s). Yu also listed significant differences in SWV-
values (2.09+0.52 m/s for benign and 2.94+0.39 m/s for
malignant masses; cut-off value 2.76 m/s). The comparison
of all these results underlines the above-mentioned
heterogeneity of the values, even when similar or identical
techniques/devices or transducers were used.

We further realized that the spread of SWV-values
obtained from different tumor entities when using one
US system was much smaller than the spread of SWV-
values obtained from identical tumor entities in both of
the two different US devices (Table 2). Neither a transfer
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of absolute SWV-values from one system to the other, nor
a comparison between the two systems, nor establishing
reliable general cut-off-values in both devices was
consistently possible, emphasizing the system-dependence
and tumor heterogeneity (Table 4).

The clinical impression exists that PAs are stiffer
than other benign tumor entities. PAs exhibit different
compositions of stromal and cellular components (31,32),
which may explain why the obtained measurement values
range between those of other benign and malignant
entities. Our results indicated that these variations in
PA stiffness, however, were not solely responsible for
the inability to differentiate benign from malignant
lesions: even excluding the results obtained from PA
from the analysis did not increase the discriminatory
power of SWV-values (Figure 24,B,C,D,E,FG,H,L 7). The
differences between PA and Warthin tumors were only
significant when using the S3000 system (Tuble 4).

Our study is limited by the fact that every single tumor
was examined with one US device only. It would have been
desirable to obtain values from each tumor using both US
devices to compare the measurements directly. This was
not possible, as both US systems were not available at the
same time in our department. Further, a large number
of different PG tumor entities exist, not all of which can
be represented in a single study due to the rareness of
certain entities. The differentiation between benign and
malignant lesions in general was moreover complicated by
the fact that the considerable number of different tumor
entities showed large spreads of SMV values, impeding the
establishment of clear cut-off-values in our study (7zble 2).
Although the most common entities comprised the majority
of cases in our cohort (PA and WT, n=76/104, 73.1%), a
reliable distinction between them was only possible with
one (Acuson S3000), but not with the other device (Acuson
Sequoia). Independent of the device or researcher, a reliable
identification of the tumors was impossible, and clinical
treatment decisions, as the overall goal, could not be made
depending on this examination technique alone.

Conclusions

Taken together, a reliable differentiation or identification
of PG tumors and clinical treatment decisions could
not be made with the sole use of quantitative ARFI-
shear wave sonoelastography—independent of the device
or researcher. If at all, the technique may serve as an
additional examination tool to augment other US findings.

© Gland Surgery. All rights reserved.
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Conventional B-mode and color-Doppler imaging are still
the US examination techniques of choice to evaluate salivary
gland masses. As a future goal, the use of sonoelastographic
techniques in the PG requires a sound standardization in
order to be comparable between the different techniques
and devices. Further refinements which can reliably detect
minor differences are necessary to discriminate the different
entities from one another.
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