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(57) ABSTRACT

The present invention relates to an ultrasound elastography
system (10) for providing a shear wave elastography mea-
surement result of an anatomical site (32), wherein the ultra-
sound signal and image processing assembly (16) is further
configured to determine alocation (94, 95, 96) of a shear wave
elastography measurement result within the three-dimen-
sional image (98) of the anatomical site (32) and to display the
location (94, 95, 96) of a shear wave elastography measure-
ment result to the user. Further, a corresponding method is
provided.
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SYSTEM AND METHOD FOR MAPPING
ULTRASOUND SHEAR WAVE
ELASTOGRAPHY MEASUREMENTS

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound elas-
tography system for providing an elastography measurement
result of an anatomical site and an ultrasound elastography
method for inspecting an anatomical site with an ultrasound
elastography system. The present invention further relates to
a computer program for implementing such method.

BACKGROUND OF THE INVENTION

[0002] Liver fibrosis and cirthosis are a response to chronic
liver injury from a variety of causes including viral, autoim-
mune, drug induced, cholestatic and metabolic diseases.
Liver cirrhosis may ultimately lead to hepatic failure and is
associated with primary liver cancer hepatocellular carci-
noma, which increases the relative mortality rate.

[0003] Staging and quantifying the extent of liver fibrosis is
important in the management of patients with chronic liver
disease. Liver biopsy is considered the “gold standard” for
diagnosis and staging of liver fibrosis. However, liver biopsy
can cause discomfort and anxiety to patients. Significant
complications occur in 1-5% of patients with a reported mor-
tality rate of between 1:1000 and 1:10,000. Liver biopsy
samples contain only about 1/50,000 of the liver and so are
limited by sampling variation and further observer variability
during histological assessment.

[0004] Limitations of liver biopsy have led to the develop-
ment of various non-invasive evaluations of liver fibrosis that
are more suitable for screening, treatment monitoring, and
follow-up. Ultrasound shear wave elastography technique
emerges as a technique for non-invasive liver fibrosis staging
due to its absolute stiffness quantification capability, real-
time, cost-efficient and portable features. Commercial prod-
ucts are already available, for example the Philips Ultrasound
new release shear wave Elastography Point Quantification
(ElastPQ). With such a method, acoustic radiation force is
used to stress the liver or any other anatomical site mechani-
cally and produce a shear wave. The resulting tissue displace-
ment is measured and used to estimate the elasticity of the
anatomical site, which has been found to correlate with fibro-
sis stage in the case of a liver being the anatomical site.
[0005] Duetosystem limitations such as transducer heating
and physical limitations such as shear wave fast attenuation,
current commercial shear wave elastography products usu-
ally only provide measurement at a user selected point loca-
tion or a bigger region of interest (ROI) spatially confined
within the B-mode field of view. In a typical workflow, the
user selects a suspicious region under the conventional ultra-
sound B-mode imaging, activates shear wave elastography
tool, makes measurements, and repeats the process at another
user selected position. A measurement made in the ROl in the
imaging plane may then be displayed as a value associated
with the ROI, for example on a display of the ultrasound
elastography system. For example, by this, a liver stiffness
value associated with the ROI may be reported in the unit of
Young’s modulus (kPa) or shear wave speed (m/s). By mov-
ing the ROI, a user may inspect a liver in a non-invasive
mannet.

[0006] It is recommended to make multiple stiffness mea-
surements, for example in the order of ten, distributed in the
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entire liver to have a comprehensive evaluation of fibrosis
level. This is cumbersome and time consuming. Further, it
leaves the examiner in doubt about the exact distribution or
pattern of the measurement results.

[0007] Document WO 2012/078280 Al shows asystem for
generating elastography images of tissue includes a scanning
device configured to be moved over the tissue. The scanning
device includes an ultrasound transducer and a shear wave
transducer, wherein the shear wave transducer is configured
to direct shear waves into the tissue during operation of the
ultrasound transducer. A location and orientation sensor sys-
tem is coupled with the scanning device, a receiver configured
to receive images from the ultrasound transducer, a receiver
configured to receive location and orientation data from the
sensor system for each image, and a viewer configured to
provide a rapid, sequential display of the received images.

[0008] Thereisaneedto further improve such elastography
system.

SUMMARY OF THE INVENTION
[0009] Itis an object of the present invention to provide an

improved ultrasound elastography system and method. Itis a
further object of the present invention to provide a computer
program for implementing such method.

[0010] In a first aspect of the present invention an ultra-
sound elastography system for providing a shear wave elas-
tography measurement result of an anatomical site is pre-
sented that comprises a portable ultrasound image acquisition
probe configured to provide for ultrasound imaging and shear
wave elastography, an ultrasound signal and image process-
ing assembly configured to control the ultrasound image
acquisition probe, to determine a shear wave elastography
measurement result via the portable ultrasound image acqui-
sition probe, in particular to determine or calculate a shear
wave elastography measurement result from echoes received
by the ultrasound image acquisition probe, and to provide an
ultrasound image of the anatomical site, in particular from
echoes received by the ultrasound image acquisition probe, a
display to display the ultrasound image provided by the ultra-
sound signal and image processing assembly, a memory unit
configured to store a three-dimensional image of the anatomi-
cal site, wherein the ultrasound signal and image processing
assembly is further configured to determine a location of a
shear wave elastography measurement result within the three-
dimensional image of the anatomical site and to display the
location of a shear wave elastography measurement result to
the user.

[0011] Ina further aspect of the present invention, an ultra-
sound elastography method for inspecting an anatomical site
with an ultrasound elastography system is presented, wherein
the method comprises the steps of acquiring a three-dimen-
sional image of the anatomical site, acquiring a shear wave
elastography measurement result via a portable ultrasound
image acquisition probe configured to provide for ultrasound
imaging and shear wave elastography, determining a location
of a shear wave elastography measurement result within the
three-dimensional image of the anatomical site, and display-
ing the location of the shear wave elastography measurement
result to the user.

[0012] In a third aspect of the present invention a, prefer-
ably non-transitory, computer program comprising program
code means for causing a computer to carry out the steps of
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the method according to the second aspect or one of tis refine-
ments when said computer program is carried out on a com-
puter.

[0013] The basic idea of the invention is to present an
integrated system and method to localize elastography mea-
surement positions and a biopsy position, in particular in a
liver three-dimensional anatomy. Shear wave ultrasound elas-
tography imaging and localization can be realized using two
approaches, namely position sensing of the transducer or pure
image based registration. In the first approach, a sensor will
be placed on the transducer for real-time monitoring of its
positions and orientation using electromagnetic or optical
tracking systems. In the second approach, a subset of ultra-
sound volume or cross-plane images where stiffness mea-
surements are made are registered to extensive three-dimen-
sional liver anatomy. The main elements of an ultrasound
system may comprise a one-dimensional or two-dimensional
transducer that is capable of conventional B-mode imaging
and shear wave elastography, a three-dimensional liver
anatomy image acquired by sweeping a one-dimensional
ultrasound transducer, or a two-dimensional ultrasound trans-
ducer, or a previously acquired three-dimensional image
acquires by other modalities such as CT/MRI, an electromag-
netic or optical tracking system, and an application that com-
prises a data acquisition system that communicates with the
ultrasound system to get stiffness measurement relative posi-
tions and ultrasound images, a data acquisition system that
communicates with the tracking system mapping stiffness
measurement and biopsy locations using tracking system or
mapping stiffness measurement locations using image regis-
tration approach, and a display solution for three-dimensional
rendering and visualizing stiffhess measurement locations, a
quantification tool that can calculate the distance between any
stiffness measurement location and the biopsy location.

[0014] The combination of shear wave elastography and
tracking could have broad application in diagnostic imaging
and interventional oncology procedure and can be included in
future ultrasound imaging systems. Besides liver fibrosis
staging, wherein the anatomical site is a liver, the system and
technique could have applications in visualizing and mapping
stiffness measurement and biopsy location in staging breast,
thyroid and prostate cancer. Hence, the anatomical site may
also be a breast, a thyroid or a prostate.

[0015] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed method has similar and/or identical preferred
embodiments as the claimed device and as defined in the
dependent claims.

[0016] According to a refinement of the system, the system
further comprises a tracking device to track a position and an
orientation of the portable ultrasound image acquisition
probe. By this, it is possible to track a position and orientation
of the probe and to use this information to determine the
location of a shear wave elastography measurement result.

[0017] Ina furtherrefinement of the system, the ultrasound
signal and image processing assembly is further configured to
determine the location of the shear wave elastography mea-
surement result within the three-dimensional image of the
anatomical site by tracking a position and an orientation of
portable ultrasound image acquisition probe via the tracking
device. By this, the tracking device may be used to map the
position of elastography measurements and to visualize them
in the three-dimensional image to the user.
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[0018] 1In a further refinement of the system, the system
further comprises a biopsy device, and wherein the ultra-
sound signal and image processing assembly is further con-
figured to tracking a location of a biopsy device within the
three-dimensional image of the anatomical site via the track-
ing device. By this, it is further possible to track a position of
the biopsy device. By this, a guidance of the biopsy workflow
via the system can be provided. Further, positions of'a biopsy
sample can be compared to elastography measurement loca-
tions or it can be ensured that a site of a biopsy sample is
congruent with a prior determined elastographic measure-
ment result.

[0019] Ina furtherrefinement of the system, the ultrasound
signal imaging processing assembly is further configured to
determine a distance between a location of a shear wave
elastography measurement result and the location of a biopsy
device. By this, it can be determined whether a side of a
biopsy sample is in the proximity of a region of interest in
which an elastography measurement has been conducted.
[0020] In a further refinement of the system, the system
comprises a user input device enabling a user to select a
region of interest within the ultrasound image in which region
of interest an elastography measurement is to be conducted.
By this, it is possible for a user to select the region of interest
in the ultrasound image, in particular, a commonly known
B-mode ultrasound image so that the elastography measure-
ment is conducted in a region identified by the user.

[0021] Ina furtherrefinement of the system, the ultrasound
signal and image processing assembly is further configured to
determine the location of the shear wave elastography mea-
surement result within the three-dimensional image of the
anatomical site by registering the ultrasound image in which
the region of interest is selected with the three-dimensional
image of the anatomical site. By this, the registration can be
conducted only by the ultrasound signal image processing
assembly in a computer-implemented manner. Hence, further
equipment, for example the tracking device, can be avoided to
properly align the biopsy measurement results with the three-
dimensional image and the elastographic measurement loca-
tions.

[0022] Ina further refinement of the system, the ultrasound
image is a two-dimensional ultrasound image. In particular,
the ultrasound image can be a common known bi-mode ultra-
sound image. By this, conventional ultrasound imaging tech-
niques can be used to provide the user with a two-dimensional
view in order to identify locations for elastographic measure-
ment and to guide a biopsy process, for example.

[0023] In a further refinement of the system, the three-
dimensional image of the anatomical site is a three-dimen-
sional image acquired via a modality different from ultra-
sound image acquisition, wherein the three-dimensional
image of the anatomical site is stored in the memory unit of
the ultrasound signal and image processing assembly. By this,
the three-dimensional images of the whole anatomical site,
for example a liver, can be used, in particular the different
modality may be computer-tomographic imaging or mag-
netic resonance imaging.

[0024] In a further refinement of the system, the portable
ultrasound image acquisition probe and the ultrasound signal
and image processing assembly are further configured to
enable a user to acquire the three-dimensional ultrasound
image of the anatomical site and to store it as the three-
dimensional image of the anatomical site. By this, the user
can be enabled to acquire the three-dimensional ultrasound
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image prior to the elastographic measurement examination of
the biopsy examination via the same system.

[0025] In a further refinement of the method, the method
further comprises the step of selecting a region of interest
within an ultrasound image acquired with the portable ultra-
sound image acquisition probe in which region of interest an
elastography measurement is to be conducted, and wherein
the step of determining a location of a shear wave elastogra-
phy measurement result within the three-dimensional image
of the anatomical site is conducted by registering the ultra-
sound image with the three-dimensional image of the ana-
tomical site. By this, comparable advantages can take place in
the method. Registration of the locations of elastographic
measurement results with the three-dimensional image can be
conducted purely in a computer-implemented manner with-
out the need of any additional equipment.

[0026] In a further refinement of the method, the method
further comprises the step of tracking a position and an ori-
entation of portable ultrasound image acquisition probe via a
tracking device. By this, a tracking device may be used to
track the position and orientation of the portable ultrasound
image acquisition device. For example, an electromagnetic
scanning device or an optical scanning device may be used.
By this, the mapping of positions of the elastographic mea-
surement with, for example, biopsy locations and/or the
three-dimensional image of the anatomical site, for example
the liver, can be supported.

[0027] In a further refinement of the method, the method
further comprises the steps of tracking a location of a biopsy
device within the three-dimensional image of the anatomical
site via the tracking device, and determining a distance
between a location of a shear wave elastography measure-
ment result and the location of a biopsy device.

[0028] By this, the location of biopsy samples can be vali-
dated within the three-dimensional image and the relation to
the elastographic measurement results can be determined.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings
[0030] FIG.1 shows an in vivo liver stiffness measurement
in three imaging planes of a liver to illustrate the background
of the current invention.

[0031] FIG. 2 shows a schematic illustration of a further
embodiment of an ultrasound elastography system,

[0032] FIG. 3 shows a block diagram illustrating the differ-
ent components of an exemplary ultrasound elastography
system,

[0033] FIG. 4 shows a schematic illustration showing
planes and angles in ultrasound volume scanning,

[0034] FIG.5shows anexample of a B-mode image with an
ROI for an elastography measurement,

[0035] FIG. 6 shows an illustration of an embodiment
including a tracking device related to a patient,

[0036] FIG. 7 shows an embodiment of a method,

[0037] FIG. 8 shows a first use example of a mapped elas-
tography measurement,

[0038] FIG. 9 shows a second use example of a mapped
elastography measurement, and

[0039] FIG. 10 shows a third use example of a mapped
elastography measurement.
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DETAILED DESCRIPTION OF THE INVENTION

[0040] FIG. 1 shows an in vivo liver stiffness measurement
in three imaging planes of a liver for one chronic liver patient.
In each plane, nine measurements are made.

[0041] Although liver fibrosis is considered a diffuse paren-
chymal disease, fibrosis actually varies in severity and loca-
tion throughout the liver. Clinical findings suggest that there
is natural variation in amount of fibrosis (stage) and location
of fibrosis. For example, as shown in FIG. 1, liver stiffness is
measured for a liver patient in three imaging planes of the
right liver lobe by Philips ElastPQ feature. In each imaging
plane, nine measurements are made at nine different loca-
tions. It is clear that on average liver is stiffer in plane 1 than
in plane 2 and 3, indicating inhomogeneous fibrosis distribu-
tion in viral hepatitis. Using a stiffness cut-off value derived
from the clinical study, it may lead to average appraisal of
fibrosis stage FO-F1 (no-mild fibrosis) for this patient using
the Metavir scoring system. However a diagnosis in a more
localized way may be conducted, we have FO-F1 (no fibrosis)
for imaging planes 2 and 3 but F22 (stage 2 fibrosis or higher,
significant fibrosis) in imaging plane 1. As a result, different
diagnosis results and clinical decision making may be
applied.

[0042] The above clinical example illustrates again why
liver biopsy is subject to sampling error: a liver biopsy usually
examines just one area of the liver for scar tissue and damaged
liver cells. To help doctors better diagnose the severity and
location of fibrosis throughout the liver, there is a need to map
the shear wave measurement locations in the entire liver,
correlate with the biopsy location, and visualize these loca-
tions in three-dimensional liver volume. Such mapping capa-
bilities can, as outlined in detail below, localize the stiffness
measurement positions with respect to the liver anatomy,
establish spatial relationship between stiffness measurements
and liver fibrosis for accurate fibrosis staging, and enable
longitudinal monitoring anti-fibrotic therapy treatment.
[0043] FIG. 2 shows a schematic illustration of an ultra-
sound elastography system 10 according to a further embodi-
ment, in particular a medical ultrasound three-dimensional
imaging system. The ultrasound elastography system 10 is
applied to inspect an anatomical site of an anatomical site, in
particular an anatomical site of a patient 12. The ultrasound
elastography system 10 comprises an ultrasound image
acquisition probe 14 having at least one transducer array
having a multitude of transducer elements for transmitting
and/or receiving ultrasound waves. In one example, the trans-
ducer elements each can transmit ultrasound waves in form of
at least one transmit impulse of a specific pulse duration, in
particular a plurality of subsequent transmit pulses. The trans-
ducer elements can for example be arranged in a one-dimen-
sional row, for example for providing a two-dimensional
image that can be moved or swiveled around an axis mechani-
cally. Further, the transducer elements may be arranged in a
two-dimensional array, in particular for providing a multi-
planar or three-dimensional image.

[0044] In general, the multitude of two-dimensional
images, each along a specific acoustic line or scanning line, in
particular scanning receive line, may be obtained in three
different ways. First, the user might achieve the multitude of
images via manual scanning. In this case, the ultrasound
image acquisition probe may comprise position-sensing
devices that cankeep track of a location and orientation of the
scan lines or scan planes. However, this is currently not con-
templated. Second, the transducer may be automatically
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mechanically scanned within the ultrasound image acquisi-
tion probe. This may be the case if a one dimensional trans-
ducer array is used. Third, and preferably, a phased two-
dimensional array of transducers is located within the
ultrasound image acquisition probe and the ultrasound beams
are electronically scanned. The ultrasound image acquisition
probe may be hand-held by the user of the system, for
example medical staff or a doctor. The ultrasound image
acquisition probe 14 is applied to the body of the patient 12 so
that an image of an anatomical site 32 in the patient 12 is
provided.

[0045] Further, the ultrasound elastography system 10 has
an ultrasound signal and image processing assembly 16 that
controls the provision of an ultrasound image via the ultra-
sound elastography system 10. The ultrasound signal and
image processing assembly 16 controls not only the acquisi-
tion of data via the transducer array of the ultrasound image
acquisition probe 14 but also signal and image processing that
form the ultrasound images out of the echoes of the ultra-
sound beams received by the transducer array of the ultra-
sound image acquisition probe 14. Further, the ultrasound
signal and image processing assembly 16 determines stiff-
ness values under the elastography mode, in particular out of
the echoes of the ultrasound beams received by the transducer
array of the ultrasound image acquisition probe 14.

[0046] Theultrasound elastography system 10 further com-
prises a display 18 for displaying the three-dimensional
images to the user. Further, an input device 20 is provided that
may comprise keys or a keyboard 22 and further input
devices, for example a track ball 24. The input device 20
might be connected to the display 18 or directly to the ultra-
sound signal and image processing assembly 16.

[0047] Further, the ultrasound elastography system 10
comprises a tracking device, for example an electromagnetic
tracking device. Parts of the tracking device are situated
within the probe 14 or may be associated with the probe viaa
clip. Further parts 25, 25', for example sensors like magne-
toresistive sensors or optical sensors, may be placed in the
circumference of the ultrasound elastography system. Pref-
erably, the spatial coordinates of the further parts 25, 25' are
known.

[0048] FIG. 3 shows a schematic block diagram of the
ultrasound elastography system 10. As already laid out above,
the ultrasound elastography system 10 comprises an ultra-
sound image acquisition probe (PR) 14, the ultrasound signal
and image processing assembly (CU) 16, the display (DI) 18
and the input device (ID) 20. As further laid out above, the
probe (PR) 14 comprises a transducer array 26, for example a
phased two-dimensional transducer array or automatically
scanned one-dimensional transducer array. Further, the probe
comprises a part 27 of the tracking device, for example a coil
that generates an electromagnetic field that is sensed via the
sensors 25, 25' or a fiducial, in particular to support optical
tracking. In general, the ultrasound signal and image process-
ing assembly (CU) 16 may comprise a central processing unit
that may include analog and/or digital electronic circuits, a
processor, microprocessor or the like to coordinate the whole
image acquisition and provision. Further, the ultrasound sig-
nal and image processing assembly 16 comprises a herein
called central processing unit 28. However, it has to be under-
stood that the central processing unit 28 does not need to be a
separate entity or unit within the ultrasound elastography
system 10. A memory unit is indicated by reference numeral
35. It can be a part of the ultrasound signal and image pro-
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cessing assembly 16 and generally be hardware or software
implemented. The current distinction is made for illustrative
purposes only. The central processing unit (CON) 28 as part
of the ultrasound signal and image processing assembly 16
may control a beam former and, by this, what images of the
anatomical site 32 are taken and how these images are taken.
The beam former (BF) 30 generates the voltages that drives
the transducer array (TR) 26, determines parts repetition fre-
quencies, it may scan, focus and apodize the transmitted
beam and the reception or receive beam(s) and may further
amplify filter and digitize the echo voltage stream returned by
the transducer array 26. Further, the central processing unit 28
of the ultrasound signal and image processing assembly 16
may determine general scanning strategies. Such general
strategies may include a desired anatomical site acquisition
rate, lateral extent of the anatomical site, an elevation extent
ofthe anatomical site, maximum and minimum line densities,
scanning line times and the line density as already explained
above. The beam former 30 further receives the ultrasound
signals from the transducer array 26 and forwards them as
image signals.

[0049] A shear wave elastography subsystem is designated
with reference numeral 37. The shear wave subsystem 37
allows the ultrasound imaging system 10 to operate in a shear
wave mode. In certain embodiments, the shear wave sub-
system 37 determines the focus locations and sequence for
moving a shear wave source among the focus locations. In
addition, or in other embodiments, the shear wave subsystem
37 performs the other functions described herein with respect
to dynamically controlling the shear wave front. An artisan
will recognize from the disclosure herein that the shear wave
subsystem 37 may be combined with other components ofthe
system 10. For example, at least some of the functions
described for the shear wave subsystem 37 may be performed
by the CON 28. For tissue quantification according to one
embodiment, the shear wave subsystem 37 may allow the user
of the ultrasound imaging system 10 to identify an anatomic
location for measurement using a region of interest marker
placed on an ultrasound image. An acoustic push pulse is
applied just lateral to this location, inducing a shear wave that
travels through the region of interest. Tracking beams, sensi-
tive to greater than Y100 the wavelength of sound, are applied
to the shear wave propagation path. The tracking beams are
continuously transmitted until the passing shear wave front is
detected. The time between generation of the shear wave and
detection of the peak is utilized to compute the shear wave
velocity. Multiple measurements are made for a given spatial
location before a value is reported in order to ensure measure-
ment quality.

[0050] Further, the ultrasound elastography system 10
comprises a signal processor (SP) 34 that receives the image
signals. The signal processor 34 is generally provided for
analogue-to-digital-converting, digital filtering, for example,
band pass filtering, as well as the detection and compression,
for example a dynamic range reduction, of the received ultra-
sound echoes or image signals. The signal processor forwards
image data.

[0051] Further, the ultrasound elastography system 10
comprises an image processor (IP) 36 that converts image
data received from the signal processor 34 into display data
finally shown on the display 18. In particular, the image
processor 36 receives the image data, preprocesses the image
data and may store it in an image memory. These image data
is then further post-processed to provide images most conve-
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nient to the user via the display 18. In the current case, in
particular, the image processor 36 may form the three-dimen-
sional images out of a multitude of two-dimensional images
in each slice.

[0052] A userinterfaceis generally depicted with reference
numeral 38 and comprises the display 18 and the input device
20. It may also comprise further input devices, for example, a
mouse or further buttons which may even be provided on the
ultrasound image acquisition probe 14 itself.

[0053] Further, reference numeral 56 designates a biopsy
device that may be part of the ultrasound system 10. Similar
to the probe 14, the biopsy device 56 may comprise a part 58
of the tracking device 25, for example a coil that generates an
electromagnetic field that is sensed via the sensors 25, 25' or
a fiducial, in particular to support optical tracking.

[0054] A particular example for an ultrasound elastography
system which may apply the current invention is a system
applying the Philips ultrasound new release shear wave Elas-
tography Point Quantification (ElastPQ).

[0055] FIG. 4 shows an example of an anatomical site 32
relative to the ultrasound image acquisition probe 14. The
exemplary anatomical site 32 depicted in this example is of a
sector type, due to the transducer array of the ultrasound
image acquisition probe 14 being arranged as a phased two-
dimensional electronically scanned array. Hence, the size of
the anatomical site 32 may be expressed by an elevation angle
42 and a lateral angle 44. A depth 46 of the anatomical site 32
may be expressed by a so-called line time in seconds per line.
That is the scanning time spent to scan a specific scanning
line.

[0056] The anatomical site 32 may be divided into a mul-
titude of slices 48, 50 or two-dimensional images. Only two
slice 48, 50 are depicted for illustrative purposes. Actually, a
multitude of planes or slices 48, 50 having different eleva-
tional angles 40 are spread over the volume of the anatomical
site 32. Of course, the slices 48, 50 may also be oriented in the
elevational direction and spread across the anatomical site 32
in the lateral direction. During image acquisition, the two-
dimensional transducer array of the ultrasound image acqui-
sition probe 14 is operated by a beam former in a way that the
anatomical site 32 is scanned along a multitude of these scan
lines within each of the slices 48, 50 sequentially. In multi-
line receive processing, a single transmit beam might illumi-
nate a multitude, for example four, receive scanning lines
along which signals are acquired in parallel. If so, such sets of
receive lines are then electronically scanned across the ana-
tomical site 32 sequentially.

[0057] FIG. 5 shows an ultrasound image 52 that is a con-
ventional B-mode ultrasound image. The ultrasound image is
two-dimensional and could, for example, be acquired with the
system 10 as explained above. Further, it is shown a region of
interest 33 which a user may use to select a certain point
within the B-mode image 52 for elastography measurement.
After a user selects a certain region of interest 33 within the
image 52, an elastography measurement is conducted and a
result is displayed as value in the image 52 which value is
generally designated by reference numeral 54. By this, the
user may evaluate different portions of the B-mode image 52
to map the tissue elasticity over the B-mode image. While in
FIG. § a proper placement of a region of interest 33 is shown,
this may not always be the case.

[0058] FIG. 6 shows a schematic illustration of the body of
apatient 12. The cranio-caudal axis is designated with refer-
ence numeral 60. The anterior-posterior axis is designated

May 26, 2016

with reference numeral 62. The left-right axis is designated
with reference numeral 64. The user moves the probeto a first
position 66 which is tracked by the tracking device 25, 25'.
This may be conducted, for example, by an electromagnetic
tracking device or an optical tracking device.

[0059] By this, it is possible to track the different positions
of the probe 14. For example, if the probe 14 is moved from a
first location 66 to a second location 68 or a third location 70,
the corresponding position and orientation of the probe 14
can be tracked and, hence, the position and orientation of a
plane 48, 50 in which the two-dimensional ultrasound imag-
ing and, hence, the elastographic measurement, took place
can be determined. By this, not only the position of the plane
48, 50 with reference to the body of the patient 12 can be
determined but also the position and orientation of the plane
48, 50 in an absolute coordinate system. This enables any
registration of the planes 48, 50 with previously acquired
three-dimensional images of anatomical sites that have a
known position and orientation as well.

[0060] FIG. 7 shows an embodiment of a method 80. The
method starts in a step 82. Then, in step 84, it is acquired a
three-dimensional image of the anatomical site 32. This
three-dimensional image may to be acquired via the ultra-
sound system as described above. However, the three-dimen-
sional image might also be acquired via a different modality,
for example a computer tomographic device or a magnetic
resonance tomographic device.

[0061] Then, in a step 86, a shear wave elastography mea-
surement results acquired via a portable ultrasound image
acquisition probe configured to provide for ultrasound imag-
ing and shear wave elastography. Before that, a step of select-
ing a region of interest within an ultrasound image acquired
with affordable ultrasound image acquisition probe may be
conducted, in which region of interest an elastography mea-
surement is conducted.

[0062] Afterwards, a step 88 of determining a location of a
shear wave elastography measurement result within the three-
dimensional image of the anatomical site is conducted.
[0063] Step 88 may either be conducted in that the step of
determining is conducted by registering the ultrasound image
with the three-dimensional image of the anatomical site. This
may be conducted purely in a computer-implemented basis.
Alternatively or as a redundant measure, a position of the
ultrasound image acquisition probe may be tracked via a
tracking device so that this enables associating the elastogra-
phy measurement results with the three-dimensional image
and the locations in the three-dimensional image of the ana-
tomical site.

[0064] Before alaststep 90 of displaying the location of the
shear wave elastography measurement results that a user is
conducting, it may further be conducted a tracking of a loca-
tion of a biopsy device within the three-dimensional image of
the anatomical site via the tracking device and the step of
determining a distance between the location of a shear wave
elastography measurement result and the location of the
biopsy device. This distance may be displayed to the user in
step 90 as well. Of course, in case more than one shear wave
elastography measurement has taken place and, hence, there
are more than one location 94, 95, 96, more than one distance
of the biopsy device to each of the locations may be deter-
mined.

[0065] The method then ends in step 92.

[0066] FIG. 8 shows an example of such display to the user.
In the left, an ultrasound image 52, which is in the current
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example a commonly known bi-mode two-dimensional
image, is shown. Elastography measurement results 94 to 96
are each determined and the location tracked. By this, a posi-
tion of the probe 14 relative to the anatomical site 32 and its
three-dimensional image 98 is known. Hence, not only a
position of the plane 48 in which the elastography measure-
ment has been conducted can be visualized within the three-
dimensional image 98, but also the locations 94 to 96 can be
visualized.

[0067] The mapping of elastography measurement loca-
tions to liver anatomy can be achieved by integrating live
elastography related two-dimensional/three-dimensional
ultrasound imaging to pre-procedure liver volume using a
variety of different tracking techniques. In one embodiment,
the tracking could be electromagnetic tracking wherein the
probe and patient are tracked live in an electromagnetic field.
The pre-procedures images could be a tracked three-dimen-
sional to reconstruction of ultrasound images to a volume or
could bea prior MR/CT images. These pre-procedure images
can be registered to the electromagnetic tracking system
using fiducials. Using this integration, a variety of different
visualization techniques can be enabled.

[0068] Inthe embodiment is shown in FIG. 8, the probe 14
is tracked in three dimensions, the exact location of the two-
dimensional imaging plane on which elastography is per-
formed can be determined and visualized in three-dimen-
sional (as shown on the right). This visualization can be done
for one or more imaging slices, to understand the three-
dimensional context of the elastography measurement.
[0069] In another embodiment, the mapping of live elas-
tography related two-dimensional/three-dimensional ultra-
sound imaging to pre-procedure images is achieved by purely
image registration based tracking approach. The pre-proce-
dures images could be a prior MR/CT volume or three-di-
mensional US liver anatomy acquired by stitching and com-
pounding subsets of three-dimensional volumes using one-
dimensional or two-dimensional matrix transducer sweeping.
Image registration can be based on matching fiducial points,
vessel structures, contour or intensity. This approach is sim-
pler than the electromagnetic tracking based approach
because it does not require additional hardware equipment,
therefore it can optimize the workflow.

[0070] FIG. 9 shows a further example of a display to the
user. On the left, again, ultrasound images 52 are displayed.
They visualize not only the locations 94 of the ultrasound
measurement results. But also, it can be used to follow a
biopsy device 56 during examination. By this, in the three-
dimensional image 98, not only the plane 50 in which the
elastography measurement took place but also the plane 48
which is now used to guide the biopsy device 56 can be
visualized in the three-dimensional image 98. This can ensure
that a biopsy sample is within a region of interest in the line
for example the location 94 of an elastography measurement.
Hence, it may further be provided for that a distance of the
biopsy device to this location 94 is displayed to the user.
[0071] In particular, this embodiment can be used for real
time guidance of follow up biopsies. In this clinical workflow,
suppose the elastography measurement 94 has been selected
for biopsy (see top left image in FIG. 9). This tracked inte-
grated system allows the user to aim the imaging plane 48 in
which this particular elastography measurement was per-
formed, and show the three-dimensional relationship of the
current “biopsy” imaging plane to the elastography imaging
plane.
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[0072] 1In addition, if the biopsy is performed using a
tracked device, the real time distance of the current device
position to the target location (i.e. the location where the
elastography measurement was made) can be displayed.
[0073] FIG. 10 shows a further example of a display to the
user. As a follow-up to a biopsy examination, within the
three-dimensional image 98 or the elastography measure-
ment locations 94 to 96 may be shown in the anatomical site
32. Further, the site of the biopsy sample 100 is shown.
Hence, it is possible to determine a distance to each of the
locations 94 to 96. For example, a distance 102 to the location
95 and a distance 104 between the location of the biopsy
sample 100 and the elastography measurement location 94.
[0074] The three-dimensional visualization of the elastog-
raphy stiffness measurement locations (white ROI boxes
whose color represents stiffness value) and the biopsy loca-
tion (black X sign, biopsy score can be added once it becomes
available) can be in different planes 48, 50 in the three-
dimensional volume. The background three-dimensional vol-
ume can be three-dimensional Ultrasound, MR or CT image.
[0075] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments. Other variations to the
disclosed embodiments can be understood and effected by
those skilled in the art in practicing the claimed invention,
from a study of the drawings, the disclosure, and the
appended claims.

[0076] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.
[0077] A computer program may be stored/distributed on a
suitable medium, such as an optical storage medium or a
solid-state medium supplied together with or as part of other
hardware, but may also be distributed in other forms, such as
via the Internet or other wired or wireless telecommunication
systems.

[0078] Any reference signs in the claims should not be
construed as limiting the scope.

1. Anultrasound elastography system for providing a shear
wave elastography measurement result of an anatomical site,
the system comprising;

a portable ultrasound image acquisition probe configured
to provide for ultrasound imaging and shear wave elas-
tography,

an ultrasound signal and image processing assembly con-
figured to control the ultrasound image acquisition
probe, to determine a shear wave elastography measure-
ment result via the portable ultrasound image acquisi-
tion probe and to provide an ultrasound image of the
anatomical site,

a display configured to display the ultrasound image pro-
vided by the ultrasound signal and image processing
assembly,

a memory unit configured to store a three-dimensional
image of the anatomical site,

wherein the ultrasound signal and image processing
assembly is further configured to determine a location of
a shear wave elastography measurement result within
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the three-dimensional image of the anatomical site and
to display the location of a shear wave elastography
measurement result to the user, and

a user input device enabling a user to select a region of

interest within the ultrasound image in which region of
interest an elastography measurement is to be con-
ducted.

2. The system according to claim 1, wherein the system
further comprises a tracking device to track a position and an
orientation of the portable ultrasound image acquisition
probe.

3. The system according to claim 2, wherein the ultrasound
signal and image processing assembly is further configured to
determine the location of the shear wave elastography mea-
surement result within the three-dimensional image of the
anatomical site by tracking a position and an orientation of
portable ultrasound image acquisition probe via the tracking
device.

4. The system according to claim 2, wherein the system
further comprises a biopsy device, and wherein the ultra-
sound signal and image processing assembly is further con-
figured to tracking a location of a biopsy device within the
three-dimensional image of the anatomical site via the track-
ing device.

5. The system according to claim 4, wherein the ultrasound
signal and image processing assembly is further configured to
determine a distance between a location of a shear wave
elastography measurement result and the location of a biopsy
device.

6. (canceled)

7. The system according to claim 1, wherein the ultrasound
signal and image processing assembly is further configured to
determine the location of the shear wave elastography mea-
surement result within the three-dimensional image of the
anatomical site by registering the ultrasound image in which
the region of interest is selected with the three-dimensional
image of the anatomical site.

8. The system according to claim 1, wherein the ultrasound
image is a two-dimensional ultrasound image.

9. The system according to claim 2, wherein the three-
dimensional image of the anatomical site is a three-dimen-
sional image acquired via a modality different from ultra-
sound image acquisition, wherein the three-dimensional
image of the anatomical site is stored in the memory unit of
the ultrasound signal and image processing assembly.

10. The system according to claim 8, wherein the portable
ultrasound image acquisition probe and the ultrasound signal
and image processing assembly are further configured to
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enable a user to acquire the three-dimensional ultrasound
image of the anatomical site and to store it as the three-
dimensional image of the anatomical site.

11. An ultrasound elastography method for inspecting an
anatomical site with an ultrasound elastography system, the
method comprising the following steps:

acquiring a three-dimensional image of the anatomical
site,

acquiring a shear wave elastography measurement result
via a portable ultrasound image acquisition probe con-
figured to provide for ultrasound imaging and shear
wave elastography,

determining a location of a shear wave elastography mea-
surement result within the three-dimensional image of
the anatomical site, and

displaying the location of the shear wave elastography
measurement result to the user

wherein the method further comprises the step of selecting
aregion of interest within an ultrasound image acquired
with the portable ultrasound image acquisition probe in
which region of interest an elastography measurement is
to be conducted, and wherein the step of determining a
location of a shear wave elastography measurement
result within the three-dimensional image of the ana-
tomical site is conducted by registering the ultrasound
image with the three-dimensional image of the anatomi-
cal site.

12. (canceled)

13. The method of claim 11, wherein the method further
comprises the step of tracking a position and an orientation of
portable ultrasound image acquisition probe via a tracking
device.

14. The method of claim 11, wherein the method further
comprises the steps of:

tracking a location of a biopsy device within the three-
dimensional image of the anatomical site via the track-
ing device, and

determining a distance between a location of a shear wave
elastography measurement result and the location of a
biopsy device.

15. Computer program comprising program code means
for causing a computer to carry out the steps of the method as
claimed in claim 11 when said computer program is carried
out on a computer.
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