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Introduction

In recent years there has been great interest in measuring the
stiffness of tissue in vivo. Indeed, over the past 20 years, different
elasticity imaging approaches have been developed around the
world[1-4].Ultrasound elasticity imaging adds mechanical
information to conventional diagnostic ultrasound and extends
patient diagnostic information. Now more and more doctors
have proven its value in many clinical applications, especially in
cancer diagnosis[4-8].Strain elastography has been popular for a
long time, providing 2D strain imaging of the ROI (region of
interest).Under the same pressure, lower strain corresponds to a
harder medium. However, under different pressure, the same
tissue may show different strain imaging. Practitioners therefore
need more experience to get more reliable images.

Shear wave elastography has gained more attention in recent
years, providing quantitative stiffness measurement by display-
ing the shear wave propagation speed or the tissue mechanical
modulus, such as shear modulus, and Young's modulus, which is
most often used to quantify the stiffness. A high Young's
modulus indicates high stiffness. For a linear, elastic, isotropic
medium, Young's modulus E can be estimated by

E=3G=3pcs2

where G is the shear modulus that quantifies how the medium
shape changes, pis the density, and Cs is the speed of shear
wave. So, when a shear wave propagates, a high speed indicates
a stiff medium, and a low speed indicates a soft one.[8-10]

Shear Wave elastography is a promising technique for non-inva-
sive quantification of tissue stiffness on an absolute scale.
However, there are still challenges to get better penetration
under real time shear wave elastography. To improve the
penetration and to minimize the influence of noise, Mindray has
developed an innovative approach for better imaging results
based on shear wave..

Acoustic Radiation Force
and Shear Wave

The Sound Touch Elastography (STE) technology on the Mindray
Resona 7 ultrasound system is a new approach developed to
display a real-time stiffness image of the ROI. As shown in Figure
1, a strong intensity, safe ultrasound pulse is used to generate
shear waves based on the acoustic radiation force (ARF) in soft
tissue[3, 9].The system then tracks the propagation of the shear
waves and continuously detects and records the displacement
of tissue induced by the shear waves in the ROI. Eventually, the
propagation speeds are calculated and the corresponding elastic
modulus derived [11]. Multiple shear waves will be generated in
different positions in turn to form a full image.

/‘ Shear wave

Figure 1: ARF and Shear wave
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Ultra-wide Beam Tracking Imaging

Conventional systems are limited to just several ultrasound
beams on one ultrasound pulse shot, obtaining information
from a very shallow area. However,to calculate the shear wave
speed, a larger number of signals from as large an area as
possible are need to accurately locate the position of the shear
wave at every single moment during a very short period of time,
typically less than several tenths of a milliseconds.

Due to the new Ultra-Wide Beam Tracking Imaging technology,
shown in Figure 2, the STE on the Resona 7 provides real-time
processing of all the signals from an area as wide as
0.2mm~40mm on one shot. It can therefore effectively detect
the entire required shear wave information as high as 10KHz per
frame. The amplitude of shear wave induced by ARF is very
weak, usually several microns to several tens of microns. So it will
slightly adjust the position of the receive beams while the shear
wave propagates to focus the energy of ultrasound beam as
much as possible to improve the quality of receive signals.

Eventually we can capture all the necessary receive data in less
than several tenths of a millisecond. Fast signal capture can
reduce the influence of noise induced by other movement
during the diagnostic procedure such as breathing and
heartbeat, and generate a more focused ultrasound beam. The
focused beam results in more centralized the energy and
therefore improves the penetration.
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Figure2: Ultra-wide Beam Tracking Imaging

STE ImagingFeatures

There are two different display modes available. Users can select
real time imaging to acquire a continuous image display in most
diagnostic procedures. In some cases with tumors which are
very hard, large, and deep, it's also possible to select high quality
imaging (HQE) to improve the penetration of shear wave, while
only one image is calculated and displayed, as illustrated in
Figure 3. The HQE image shows a better lesion shape and less

noise in the far field for deeper tumors.

a b

Figure 3: High quality shear wave elastography imaging (HQE). (a) HQE:
off;(b) HQE: on

Another major feature of STE is that it provides a choice of
different types of quantitative elasticity maps for different clinic
applications, as illustrated in Figure 4. Among them, the Cs map
indicates shear wave speed with values expressed in m/s, while
the G map indicates shear modulus with values expressed in kPa,
and the E map indicates Young's modulus.

Figure 4: Quantitative elasticity maps

STE Quantification tools

The STE also provides several effective post-measurement tools
to help to analyze the elasticity results. They are very easy to
learn and very convenient to operate. For example, once a target
region is traced on the B-mode image, the synchronization
function helps display the relevant trace on the same region of
the elasticity image, as illustrated in Figure 5. This is very helpful
in identifying the boundary of the lesion.
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Figure 5: Synchronization function

The Shell quantification toolbox is a unique feature developed
for Mindray ultrasound systems. As illustrated in Figure 6, the
system calculates and displays all the related elasticity values of
the shell area of the selected region, allowing selection of the
area near to the outside or inside of the target region.

Figure 6: Elasticity measurement of shell quantification toolbox

Furthermore, the elastic histogram measurement gives statistics
for the color-coded elasticity image. And the results of the target
region and its shell can both be displayed for comparison, as
illustrated in Figure 7 below.

Figure 7: Elasticity histogram of shell quantification toolbox

Of course, analysis of values of the different target regions can
be selected independently. In addition, the elasticity ratio
function can help to calculate the elasticity ratio between two
regions, as illustrated in Figure 8.
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Figure 8: Elasticity ratio of two regions

In particularly, the directional ratio is a new feature developed for
clinic applications for high anisotropic tissue such as muscle. The
shear wave speed may be vastly different in different muscle
anatomy sections. In dual-display mode, as illustrated in Figure 9,
after the two elasticity images from different anatomy sections
are acquired, the directional ratio function allows the quantifica-
tion of the difference by calculating the ratio of the two shear
modulus and provides additional information for diagnosis.

D1/D2
D2/

Figure 9: Directional ratio from an examination
of biceps brachial

Case Study

A clinical study was performed on over 100 breast patients using
the STE on Mindray Resona 7 in one of the most famous
hospitals in Shanghai. The pathology results showed 32 to be
malignant and 50 benign.

The results of the study show that the STE provides credible and
abundant information to help differentiation of benign and
malignantlesions in tumor diagnosis.

Most malignant cancers produce images with high stiffness. In
one of the clinic examples (Figure 10), the STE image of a breast
lesion with all red color inside and around indicates theYoung's
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modulus is above 100kPa via the quantitative map. Furthermore,
the stiff area on the STE image is larger than the area of lesion on
the conventional B-mode image.

Figure 10: Malignant lesion with high stiffness

In particular it usually presents a stiff shell pattern in images of
most breast malignant lesions. As illustrated in Figure11, the red
shell of a breast invasive ductal carcinoma reveals a much higher
stiffness compared to normal tissue. According to the map, the
Young modulus of the shell is above 100kPa while the normal
tissue is lower than 40kPa. In 22 clinical examinations of
malignant lesions, 20 of them showed images with a stiff shell
pattern. The shape and the elasticity value of the stiff shell
changes with the lesion, as shown in Figure 11, derived from the
examination of a breast carcinoma in situ. The maximumYoung's
modulus of the shell is above 75kPa while normal tissue is lower
than 20kPa.With appropriatemaps, the stiff shell pattern may
become a distinctive, effective pattern to help to identify
malignant lesions.

Figure 12: The stiff shell pattern of a breast lesion of carcinoma in situ

On the contrary, compared with normal tissue, most benign

lesions show images with similar stiffness inside, and sometimes
slightly higher stiffness around the lesion. The mean Young's
modulus inside and around the lesion is often lower than 24kPa.
In a few examinations the max value on several points around
the lesion is close to 60kPa while the mean value is still low.
Figure 13ais an example of breast adenosis, Figure 13b breast
intraductal papilloma and Figure 13c breast fibroadenoma.

Figure 13: Image of (a)adenosis (b)intraductal papilloma (c) fibroadenoma

In the clinical study, we recorded the shell max and the shell
mean values of 41 patients in which the thickness of shell area
were chosen to be 3 millimeters. The results are illustrated in
Figure 14 and Figure 15. The results show that the majority of
max values and mean values of the shell area of malignant
lesions are higher than benign lesions. Theaverage of max values
of the shell area from malignant lesions is around 165kPa(distri-
bution from 50kPa to 300kPa), while the average of max values of
the shell area from benign lesions is around 64kPa(distribution
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from 10kPa to 110kPa). The average of mean values of the shell
area from malignant lesions is around 31kPa (distribution from
10kPa to 63kPa), while the average of the mean values of the
shell area from benign lesions is around 16kPa (distribution from
3kPa to 30kPa).
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Figure 14: Max values of the shell area
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Figure 15: Mean values of the shell area

Conclusion

Mindray's STE technology provides a new method for quantify-
ing the elasticity information of the tissue for clinic ultrasound
diagnosis. Along with Resona 7's ultra-wide beam tracking
imaging platform, it detects all the necessary information in
several tenths of a millisecond and allows for calculating and
displaying of the elasticity image in real time.

In the clinical study, the STE technology was applied to the
breast patients for the first time and showed highly significant
results, although the scale of study was not very large. In
particularthe shell analysis tool can provide valuable clinical
information for the classification of whether a tumoris malignant
or benign.

Further extensive clinical research using STE technology is
expected to provide more accurate critical values for the
improvement of diagnosis. And changing the thickness of the
shell area will be also an interesting approachin the future to
determine more meaningful clinical results.
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