US 20140350393A1

United States

(19)
a2 Patent Application Publication (i) Pub. No.: US 2014/0350398 A1
Clark et al. (43) Pub. Date: Nov. 27, 2014
(54) ULTRASOUND ELASTOGRAPHY SYSTEM (52) US.CL
AND METHOD CPC .o, A61B 8/485 (2013.01); A61B 8/463
) | (2013.01)
71) Applicant: KONINKLIJKE PHILIPS N.V,,
BINDHOVEN (NL) USPC ottt 600/438
(72) Inventors: David W. Clark, Detry, NH (US);
Elizabeth Brunelle, Portsmouth, NH 57 ABSTRACT
Us)
(21) Appl. No.: 14/344,329 ) )
The present invention relates to an ultrasound elastography
22) PCT Filed: Sep. 21,2012 system and method for providing a strain image of an ana-
(22) p- 21, d method fi idi in i f
tomical site. The system comprises a signal processing unit
(86) PCT No.: PCT/IB2012/055015 (103) configured to receive a time-varying ultrasound signal
§371 (e)(1) from an ultrasound probe (101) having at least one transducer
@), (4) Daté: Mar. 12, 2014 element, to determine axial motion data based on the time-
’ varying ultrasound signal, the axial motion data indicating a
Related U.S. Application Data relative axial motion between the ultrasound probe and the
(60) Provisional application No. 61/539.599, filed on Sep. anatomlca.l s.1te 1 an ax1§1 dlreCFlon.(y), and to Qetermlne a
27 2011 lateral variation of the axial motion in a lateral direction (x)
’ ' based on the axial motion data. The system further comprises
Publication Classification adisplay unit (105) configured to display a strain image (200)
of the anatomical site based on strain image data which is
(51) Int.CL determined based on the axial motion data, and to display an
A61B 8/08 (2006.01) indication of lateral variation of a quality of the strain image
A61B 8/00 (2006.01) based on the lateral variation of the axial motion.

100

105

ows B0

— 103




Patent Application Publication  Nov. 27,2014 Sheet 1 of 7 US 2014/0350398 A1

FIG. 1



Patent Application Publication  Nov. 27,2014 Sheet 2 of 7 US 2014/0350398 A1

2\30 21\’;0

\ | L12-5/SmPrt AdBrst

FR 15Hz

FIBROADENOMA

200

FIG. 2






Patent Application Publication  Nov. 27,2014 Sheet 4 of 7 US 2014/0350398 A1

/)//// i

222 222

FIG.3a  FIG. 3b

I
hy
h /
1[ ////// | ) % Y Ny ¢
X1 ) X2 X1 ) X2 X1 ) XumXo
222 222 222 222

FIG.4a FIG.4b FIG. 4c  FIG. 4d



Patent Application Publication

Nov. 27,2014 Sheet5 of 7 US 2014/0350398 A1

m
Mmax | 4
FIG. 5a
- Y
Ymax
m
maver /
FIG. 5b
-y,
m

Am

FIG. 5¢




Patent Application Publication  Nov. 27,2014 Sheet 6 of 7 US 2014/0350398 A1

101 220

222

T

101 220

X
2
il | i 222

[T




Patent Application Publication  Nov. 27,2014 Sheet 7 of 7 US 2014/0350398 A1

s
!
52
|
' '
53— 55
' '
s4—| 1ss
FIG. 7
50
! ]
$1— 157
! '
52— 1—s8
|
' '
53— |85
' '
54— |56




US 2014/0350398 A1

ULTRASOUND ELASTOGRAPHY SYSTEM
AND METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound elas-
tography system and method for providing a strain image of
an anatomical site (e.g. an anatomical site of a patient). The
present invention further relates to a computer program for
implementing such method.

BACKGROUND OF THE INVENTION

[0002] In ultrasound strain elastography an image of rela-
tive axial strain, which is associated with tissue stiffness
differences, is displayed. This strain image (also called elas-
togram), can for example help to distinguish lesion malig-
nancy. An estimation of axial strain requires some axial com-
pression (or de-compression) in the form of a relative axial
motion between transducer element(s) of an ultrasound probe
and the anatomical site (e.g. a patient’s (deeper) tissues).
Such compression can be provided by the weight of the ultra-
sound probe and/or by physical pressure applied by the user
ofthe system (e.g. medical staff or a doctor) and/or by internal
patient motion due to heartbeat or breathing. A sensitive
elastography system can require very little motion (e.g. a
relative axial motion in the order of 10 pm). More compres-
sion can tend to improve the strain image quality, until
degrading effects such as de-correlation, blurring or misreg-
istration can become dominant (e.g. around a relative axial
motion of about 1 mm). Because the required (slight) relative
axial motion for ultrasound elastography may approach the
limit of the user’s physical perception and/or because it may
affect the quality of the strain image, an elastography system
can be able to display an indication of the quality of the strain
image. This indication can for example be a (non-quantita-
tive) bar graph next to the strain image.

[0003] An exemplary elastography system displaying such
bar graph is the Philips iU22 system. For example, the bro-
chure “Sensitivity and strength, Philips Breast Elastography
Ultrasound Quick Start Guide, Philips, 20107 (e.g. currently
to be found at http://www healthcare.philips.com/main/prod-
ucts/ultrasound/technologies/elastography.wpd), which is a
quick start guide providing a brief overview of the Philips
iU22 breast elastography system, discloses that a real-time
compression feedback bar is displayed next to the strain
image. This on-screen indicator provides the user with real-
time feedback on the appropriate amount of deformation for
the elastogram. The system computes the level of resulting
tissue deformation and displays it as a green and grey bar to
indicate appropriate (green) and inappropriate (grey) tissue
deformation for a quality elastogram.

[0004] Thereisaneedto further improve suchelastography
system.

SUMMARY OF THE INVENTION
[0005] 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.

[0006] In a first aspect of the present invention an ultra-
sound elastography system for providing a strain image of an
anatomical site is presented. The system comprises a signal
processing unit configured to receive a time-varying ultra-
sound signal from an ultrasound probe having at least one
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transducer element, to determine axial motion data based on
the time-varying ultrasound signal, the axial motion data
indicating a relative axial motion between the ultrasound
probe and the anatomical site in an axial direction, and to
determine a lateral variation of the axial motion in a lateral
direction based on the axial motion data. The system further
comprises a display unit configured to display a strain image
of the anatomical site based on strain image data which is
determined based on the axial motion data, and to display an
indication of lateral variation of a quality of the strain image
based on the lateral variation of the axial motion.

[0007] Inafurther aspect of the present invention an ultra-
sound elastography method for providing a strain image of an
anatomical site is presented. The method comprises receiving
a time-varying ultrasound signal from an ultrasound probe
having at least one transducer element, determining axial
motion data based on the time-varying ultrasound signal, the
axial motion data indicating a relative axial motion between
the ultrasound probe and the anatomical site in an axial direc-
tion, determining a lateral variation of the axial motion in a
lateral direction based on the axial motion data, displaying a
strain image of the anatomical site based on strain image data
which is determined based on the axial motion data, and
displaying an indication of lateral variation of a quality of the
strain image based on the lateral variation of the axial motion.

[0008] In a further aspect of the present invention a com-
puter program is presented comprising program code means
for causing a computer to carry out the steps of such method
when said computer program is carried out on the computer.

[0009] The basic idea of the invention is to determine a
lateral variation of axial motion and to display an indication
of lateral variation of strain image quality based on this lateral
variation of the axial motion. The lateral direction is orthogo-
nal to the axial direction. In particular, the axial direction can
be the depth direction (e.g. orthogonal to the skin of the
patient) and/or the direction in which the transducer element
(s) transmits ultrasound waves. The or each transducer ele-
ment is configured to transmit and/or receive ultrasound
waves. Relative axial motion can be regarded as relative axial
displacement between the ultrasound probe (or transducer
element(s)) and the anatomical site from one point of time to
another point of time. Relative axial motion can thus be
determined from a time-varying ultrasound echo signal. Each
axial line of an ultrasound image can be constructed from
ultrasound echo (intensity and/or phase) data resulting from
echo signals received at the transducer element(s) from pro-
gressively deeper depths following each transmit pulse of at
least one transmit pulse transmitted by the transducer element
(s). In particular, relative axial motion can be determined by
comparing the ultrasound echo signals at the same anatomical
site (or spatial location) from at least two different transmit
pulses (at two different points of time).

[0010] Especially when the relative axial motion is very
slight and not even deliberate, there can be as much (or even
more), lateral tilting and/or rocking as there is overall axial
motion. This means that the axial motion can significantly
vary across the strain image area. Often this pattern of lateral
tilting and/or rocking is not random, but is relatively stable
over time, e.g. several seconds, because it depends on the
physical arrangement of the user’s body and the patient’s
body. By displaying the indication of lateral variation of the
strain image quality the user gets an indication of the lateral
variation and may adjust his or her holding and/or motion of
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the ultrasound probe accordingly. Thus, the user can be
guided by the indication to improve the quality of the strain
image.

[0011] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed ultrasound elastography method or computer pro-
gram has similar and/or identical preferred embodiments as
the claimed ultrasound elastography system and as defined in
the dependent claims.

[0012] Inone embodiment the lateral variation of the axial
motion is determined by determining, for at least two lateral
positions in the lateral direction, an amount of relative axial
motion and by comparing the amounts of axial motion. In this
embodiment a simple way of determining the lateral variation
of the axial motion is provided.

[0013] In a variant of this embodiment the display unit is
configured to display the indication of the lateral variation of
the strain image quality by displaying an indication of the
amount of relative axial motion as a function of the lateral
position. In this variant the indication of the lateral variation
of the strain image quality is directly an indication of the
amount of relative axial motion as a function of the lateral
position.

[0014] Inanother embodiment the axial motion data is two-
dimensional data for a plurality of points each having an axial
position and a lateral position, the axial motion data indicat-
ing an amount of axial motion for each point of the plurality
of points. In this embodiment a two-dimensional strain image
can be displayed.

[0015] In a variant of this embodiment determining the
lateral variation of the axial motion comprises averaging, for
each of at least two lateral positions in the lateral direction, the
amounts of relative axial motion of the points of the plurality
of points which have the respective lateral position. In this
variant the axial motion amounts are averaged. Thus, average
axial motion as a function of lateral position is provided,
which thus shows the lateral variation of axial motion.
[0016] In an alternative variant of this embodiment deter-
mining the lateral variation of the axial motion comprises
averaging, for each of at least two lateral positions in the
lateral direction, the axial derivatives of the amounts of rela-
tive axial motion of the points of the plurality of points which
have the respective lateral position. In this variant the strains
(derivatives of axial motion amounts) are averaged. Thus,
average strain as a function of lateral position is provided
which thus shows the lateral variation of axial motion.
[0017] In a further embodiment the indication of strain
image quality is a bar graph having a bar. In this embodiment
asimple implementation of the stain image quality indication
is provided. The indication in form of the bar graph does not
need to occupy any additional space on the display compared
to a conventional bar graph. It can still be a non-quantitave
indication. It can be intuitive enough that very little user
training or practice is needed.

[0018] In a variant of this embodiment a height of the bar
indicates a level of strain image quality. In particular, the
height of the bar can indicate the amount of axial motion. In
this variant the user can easily be guided by simply watching
the height of the bar.

[0019] In a further variant a shape of the bar indicates the
lateral variation of the strain image quality. In this embodi-
ment an advantageous implementation of an indication of
lateral variation of strain image quality is provided. For
example, if there is no lateral variation of axial motion (thus

Nov. 27,2014

the motion is purely axial), the shape of the bar can be rect-
angular, like a conventional bar graph. If there is lateral varia-
tion of the axial motion present, the shape of the bar can
change. For example, at least one side (e.g. the top side) of the
bar can change. In this way lateral variation can be easily
perceived by the user.

[0020] In a further variant the shape of the bar is slanted
and/or curved when the strain image quality laterally varies.
In particular, the shape of the bar can have at least two differ-
ent heights. In this variant an advantageous implementation
for the indication of the lateral variation of strain image
quality is provided. If there is lateral variation of the axial
motion (e.g. rocking and/or tilting), the shape of the bar (e.g.
its top side) becomes slanted and/or curved. In particular, the
shape of the bar may become V-shaped when the strain image
quality varies. This V-shape may indicate that the lateral
variation of the axial motion (e.g. rocking and/or tilting)
exceeds the axial motion, so that the axial motion changes
direction in the lateral direction (laterally across the image),
with an intermediate region having nearly zero axial motion.
[0021] Ina further embodiment the indication of the lateral
variation of the strain image quality is displayed in real-time
and/or stored in a memory for later displaying. By displaying
the indication in real-time, the user gets immediate feedback
about the lateral variation. By storing the indication in
memory, the strain image quality can be displayed or
reviewed at a later point of time.

[0022] In a further embodiment the display unit is further
operable to display ultrasound echo intensity image of the
anatomical site. The ultrasound echo intensity image can for
example be a two-dimensional, three-dimensional or multi-
planar ultrasound echo intensity image.

[0023] Ina variant of this embodiment the vltrasound echo
intensity image can be displayed based on echo intensity data
which is determined based on the ultrasound signal. In this
embodiment the system is not only configured to display a
strain image, but also to display a conventional ultrasound
echo density image. In one example, the ultrasound echo
intensity image and the strain image can be based on the
ultrasound echo signal from the same transmit pulse or the
same set of transmit pulses. In an alternative example, the
ultrasound echo intensity image and the strain image can be
based on the ultrasound echo signal from different transmit
pulses or different sets of transmit pulses.

[0024] Inafurther embodiment the signal processing unit is
configured to determine an elevational variation of the axial
motion in an elevation direction based on the axial motion
data, and the display unit is configured to display an indica-
tion of elevational variation of strain image quality based on
the elevational variation of the axial motion. In this embodi-
ment, not only a lateral variation of the axial motion is pro-
vided, but additionally also an elevational variation of the
axial motion. Thus, the variation of the axial motion in two
different dimensions is provided. In general, this could be
extended to more than two directions, which would then not
be orthogonal to each other

[0025] 1In a further embodiment, the system comprises the
ultrasound probe having the at least one transducer element.
In this embodiment the ultrasound probe is thus part of the
system. For example, it can be (directly) connected to the
signal processing unit.

[0026] Inavariantofthis embodiment the ultrasound probe
has a plurality of transducer elements. The plurality of trans-
ducer elements can in particular be arranged in a (one-dimen-
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sional) row or a (two-dimensional) array. In this way a two-
dimensional or multi-planar or three-dimensional image can
be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] 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
[0028] FIG. 1 shows a schematic block diagram of'an ultra-
sound elastography system according to an embodiment;
[0029] FIG. 2 shows an exemplary image displayed on a
display of an ultrasound elastography system according to an
embodiment;

[0030] FIG. 2a shows an enlarged view of a portion of the
image of FIG. 2;

[0031] FIGS. 3q and 3b each show an exemplary bar graph
of the ultrasound elastography system, when no lateral varia-
tion of axial motion is present;

[0032] FIG. 4a-4d each shows an exemplary bar graph of
the ultrasound elastography system, when lateral variation of
axial motion is present;

[0033] FIG. 5a-5¢ each shows an exemplary diagram of
axial motion;
[0034] FIG. 6a-6¢ show three different examples of ultra-

sound probe motion and a corresponding bar graph;

[0035] FIG. 7 shows a schematic block diagram ofan ultra-
sound elastography method according to an embodiment; and
[0036] FIG. 8 shows a schematic block diagram ofan ultra-
sound elastography method according to a variant of the
embodiment of FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

[0037] FIG.1shows a schematic block diagram of'an ultra-
sound elastography system 100 according to an embodiment,
in particular a medical ultrasound imaging system, The ultra-
sound elastography system 100 comprises an ultrasound
probe 101 having a plurality of transducer elements for trans-
mitting and/or receiving ultrasound waves. In one example,
the transducer elements can transmit ultrasound waves in
form of at least one transmit pulse of a specific pulse duration
(in particular a plurality of subsequent transmit pulses). In an
alternative example, the transducer elements can transmit
ultrasound waves in form of continuous wave (CW), although
that is not typically used for imaging. The transducer ele-
ments can for example be arranged in a (one-dimensional)
row (e.g. for providing a two-dimensional image) or in a
(two-dimensional) array (e.g. for providing a multi-planar or
three-dimensional image). The ultrasound probe 101 may be
handheld by the user of the system (e.g. medical staff or a
doctor). The ultrasound probe 101 is applied to the body of a
patient 1 for providing a strain image of an anatomical site in
the patient 1.

[0038] The ultrasound elastography system 100 further
comprises a signal processing unit 103. The signal processing
unit 103 may for example include analog or digital electronic
circuits, a processor, microprocessor or the like. The signal
processing unit 103 is connected to the ultrasound probe 101.
The signal processing unit 103 is configured to receive a time
varying ultrasound signal from the ultrasound probe 101, in
particular from the transducer elements receiving the ultra-
sound waves. In this context time-varying means that the
ultrasound signal is received over time. More particularly, an
echo from a single transmit pulse is spread over time corre-
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sponding to progressively deeper depths, and echoes (ultra-
sound echo signal) are received from multiple transmit
pulses. The signal processing unit 103 is configured to deter-
mine axial motion data based on the time-varying ultrasound
signal. The axial motion data indicates a relative axial motion
between the ultrasound probe 101 (or its transducer elements)
and the anatomical site in an axial direction. In particular,
relative axial motion can be determined by comparing the
ultrasound echo signals at the same anatomical site (or spatial
location) from at least two different transmit pulses (at two
different points of time). For strain elastography, the axial
direction is usually the depth direction (aligned with the cen-
terline of the ultrasound probe), for example orthogonal to the
skin of the patient 1 when the ultrasound probe 101 is exter-
nally applied to the skin. In general, the axial direction is the
direction in which the ultrasound transducer elements trans-
mit the ultrasound waves. Alternatively, the ultrasound waves
or beams can be steered at an angle with respect to the depth
direction or centerline of the ultrasound probe (e.g. using a
beam former). Further alternatively, the transducer elements
may be arranged in a curve so as to transmit ultrasound waves
at various angles with respect to the depth direction or cen-
terline of the ultrasound probe. For these more generalized
cases of axial direction, lateral direction can be understood to
mean across the strain image (across the set of axial ultra-
sound lines).

[0039] Relative axial motion can be regarded as relative
axial displacement between the ultrasound probe and the
anatomical site, from the ultrasound echo signal from one
transmit pulse to the corresponding ultrasound echo signal
from another transmit pulse in the same direction(e.g. echoes
at two different points of time). The relative axial motion
results from some relative axial compression (or decompres-
sion) between the ultrasound probe and the anatomical site.
The compression can be provided by the weight of the ultra-
sound probe 1 and/or by physical pressure applied by the user
of the system. The signal processing unit 103 can be config-
ured to determine strain image data based on the axial motion
data. Strain image data can in particular be determined by
determining the axial derivative of the axial motion data.
Thus, strain can be regarded as the axial derivative of axial
motion. This can be an incremental strain over each of a
plurality of short image time intervals. Alternatively, these
incremental strains could also be accumulated to yield a total
strain.

[0040] The ultrasound elastography system 100 further
comprises a display 105. The display 105 is connected to the
signal processing unit 103 for receiving image data from the
signal processing unit 103. The display 105 is configured to
display a strain image of the anatomical site based on the
determined strain image data.

[0041] FIG. 2 shows an exemplary image displayed by a
display of an ultrasound elastography system according to an
embodiment. The image can in particular be displayed by the
display 105 of the ultrasound system 100 as explained with
reference to FIG. 1. The displayed image comprises a two-
dimensional ultrasound echo intensity image 230 of the ana-
tomical site. The echo intensity image of FIG. 2 is a two-
dimensional gray scale image. The ultrasound echo intensity
image 230 can be displayed based on echo intensity data
which is determined based on the ultrasound signal. Thus, the
signal processing unit 103 can further be configured to deter-
mine echo intensity data based on the ultrasound signal. In the
image of FIG. 2 one echo intensity image 230 is displayed on
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the left side. The same echo intensity image 230 is displayed
on the right side, but additionally a strain image 200 is over-
laid on the strain image 230. The strain image 200 is overlaid
on the echo intensity image 230 in form of a window. The
strain image 200 can be displayed using a color scale, thus a
variety of colors (e.g. a color spectrum ranging from blue to
red). A legend 210 can indicate the color range. Just as an
example, the color blue on the bottom of the legend 210 can
indicate hard tissue (abbreviated by HD in FIG. 2) and the
color red on the top of the legend 210 can indicate soft tissue
(abbreviated by SF in FIG. 2). Alternatively, the strain image
200 can be displayed using a gray scale.

[0042] The signal processing unit 103 is further configured
to determine a lateral variation of the axial motion in a lateral
direction based on the axial motion data, and the display unit
105 is further configured to display an indication of lateral
variation of a quality of the strain image 200 based on the
lateral variation of the axial motion. For strain elastography,
the lateral direction is usually orthogonal to the axial direc-
tion. However, as mentioned above, for more generalized
cases of axial direction (e.g. steering of ultrasound waves at
an angle or arrangement of transducer elements in a curve),
lateral direction can in general mean across the strain image
(across the set of axial ultrasound lines).

[0043] By displaying the indication of lateral variation of
the strain image quality, the user (e.g. medical staff or a
doctor) gets an indication of the lateral variation and may
adjust his or her holding of the ultrasound probe 101 accord-
ingly. Thus, the user can be guided by the indication to
improve the strain image quality. Alternatively or cumula-
tively, a later reviewer can interpret the strain image accord-
ingly. In the embodiment of FIG. 2, the indication of strain
image quality is a bar graph 220 having a bar 222. The
indication of the lateral variation in form of the bar graph 222
is displayed in the vicinity of the strain image 200 (in FIG. 2
right of the strain image 200). The indication of the lateral
variation of the strain image quality can be displayed in real
time. Alternatively, the indication of the lateral variation of
the strain image quality can be stored in a memory for later
displaying. The later displaying or reviewing can be pet-
formed on the ultrasound system 100 itself or on some other
review system.

[0044] FIG. 2a shows an enlarged view of a portion of the
image of FIG. 2. The portion of the image shown in FIG. 2a
is the strain image 200 of FIG. 2. The y-axis of the strain
image 200 indicates the axial direction and the x-axis of the
strain image 200 indicates the lateral direction x. In this case,
the axial motion data is two-dimensional data for a plurality
of points P(x,, y,) each having an axial position y, and a lateral
position x,. The axial motion data indicates an amount of
relative axial motion for each point P(x,, y,) of the plurality of
points. The lateral variation of the axial motion can be deter-
minedby determining for at least two lateral positions x, in the
lateral direction x, an amount of relative axial motion and by
comparing these amounts of axial motion. For example, a first
amount of axial motion can be determined for a first lateral
position x, and a second amount of axial motion can be
determined for a second lateral position X,. The first amount
of axial motion and the second amount of axial motion can
then be compared to determine the lateral variation. The
display unit 105 can be configured to display the indication of
the lateral variation of the strain image quality by displaying
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an indication of the amount of axial motion as a function of
the lateral position x,. This will be further explained in the
following.

[0045] FIG. 3a and FIG. 3b each shows an exemplary bar
graph 220 of the ultrasound elastography system 100, when
no lateral variation of axial motion is present. For the
examples of FIG. 3a and FIG. 3 b different degrees of average
compression were applied. In each of FIG. 3a and F1G. 3b
lateral variation of axial motion is not present and thus motion
is purely axial motion. In this case, the shape of the bar 222 is
rectangular, like a conventional bar graph. The heightsh, h,
of the bar 222 indicates a level of strain image quality. Addi-
tionally or alternatively, the color of the bar 222 can indicate
the level of strain image quality (e.g. gray providing a low
quality and green providing a high quality). The height h, of
the bar 222 in FIG. 3a is smaller than the height h, of the bar
2221in FIG. 3b. The smaller heighth, in FIG. 3a may indicate
that the strain image quality level in FIG. 3a is lower than in
FIG. 3b. Thus, in FIG. 3b a better quality strain image 200
would be provided compared to FI1G. 3a.

[0046] FIG. 4a to FIG. 4d each shows an exemplary bar
graph 220 of the ultrasound elastography system 100, when
lateral variation of axial motion is present. For the examples
of F1G. 3a and FIG. 3 b various different degrees of average
compression and tilting/rocking were applied. In each of FIG.
4a 1o F1G. 4d lateral variation of the axial motion is present.
In this case, the shape of the bar 222 indicates the lateral
variation of the strain image quality. In particular, the top side
of the bar 222 indicates the lateral variation. In each of FIG.
4a to FIG. 4d the shape of the bar 222, in particular its top
side, 1s slanted and curved as the strain image quality laterally
varies. The shape of the bar 222 has at least two different
heights h,, h, at one point of time. In FIG. 44 the shape ofthe
bar 222 decreases from a first lateral position x, having a first
heighth, to a second lateral position x, having a second height
h, smaller than the first height h,. In FIG. 45 the shape of the
bar 222 increases from a first lateral position X, having a first
height h, to a second lateral position x, having a second height
h, bigger than the first height h, . In FIG. 4¢ the shape of the
bar 222 also increases from a first lateral position x; having a
first height h, to a second lateral position X, having a second
height h, bigger than the first heighth,. Compared to FIG. 4,
in FIG. 4c¢ the shape of the bar 222 increases steeper. Thus, in
FIG. 4c¢ the difference between the first height h, and the
second height h, is bigger as compared to FIG. 4b. InFIG. 44
the shape of the bar 222 is V-shaped. Thus, the shape of bar
222 decreases from a first lateral position x, having a first
height h, to amedium lateral position x,, (in between the first
lateral position x, and the second lateral position x,) having a
medium height h,,, and increases from the medium lateral
position X, to a second lateral position X, having a height h,
bigger than the height h, .. The V-shape indicates that the axial
motion changes direction in the lateral direction x with an
intermediate lateral position x,, having very little (e.g. close
to zero) axial motion. This intermediate lateral position x,,or
region having nearly zero axial motion indicates or has poor
or low strain image quality.

[0047] FIG. 5a to FIG. 5¢ each shows an exemplary dia-
gram of axial motion. In each of FIG. 5a to FIG. 5¢, for a
specific lateral position x,, an amount of relative axial motion
m as a function of axial position y, is depicted. As can be seen
in each of FIG. 5a to FIG. 5¢ axial motion m is a roughly
monotonic function of axial position y, or depth.
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[0048] In the first example of FIG. 5a a maximum amount
m,,,, of the amounts of relative axial motion m of the points
of the plurality of points which have the respective lateral
position X, is determined. In this case the axial motion data
indicates the maximum amount m,,, of relative axial motion
for each point P(x,, y,) of two-dimensional data as explained
with reference to FIG. 2a. In this example the maximum
amount m . of axial motion as a function of lateral position

X, 1s provided, which thus shows the lateral variation of axial
motion.

[0049] In the second example of FIG. 56 the amount of
axial motion of'the points of the plurality of points which have
the respective lateral position x, are averaged. This yields an
average amount m_,__of relative axial motion. In this case the
axial motion data indicates the average amount m,,, . of rela-
tive axial motion for each point P(x,, y,) of two-dimensional
data as explained with reference to FIG. 2a. In this example
the average axial motion m,,, ., as a function of lateral position
X, 18 provided, which thus shows the lateral variation of axial
motion.

[0050] In the third example of FIG. 5¢, the slope or deriva-
tive Am/Ay of the axial motion m indicates the strain. In FIG.
5c¢, the axial derivatives Am/Ay of the amounts of axial motion
(thus the strains) of the points of the plurality of point which
have the respective lateral position x; are averaged. This
vields an average axial derivative m',,, ., thus average strain.
In this case the axial motion data indicates the average strain
for each point P(x,, y,) of two-dimensional data as explained
with reference to FIG. 2a. This averaging can for example be
performed before the strain is normalized (auto-scaled) in the
strain image data for displaying the strain image. In this
example the average strains (derivatives of axial motion
amounts) as a function of lateral positionx, is provided, which
thus shows the lateral variation of axial motion.

[0051] FIG. 6a-6¢ show three different examples of ultra-
sound probe motion and a corresponding bar graph 220. The
ultrasound probe 101 is placed on a surface of a body, here
skin 2 of a patient 1. In each of FIG. 6a-c the axial motion
between the ultrasound probe 101 and the anatomical site of
the patient 1 is indicated by arrows in the depth direction
(y-direction). The motion indicated in FIG. 6a-c is exagger-
ated for illustration purposes. It should be noted that in reality
the motion is in general extremely small compared to the size
of the ultrasound probe 101, so that the change in the position
or angle of the ultrasound probe 101 may not be noticeable by
the user (e.g. using sight or touch). In the example of FIG. 6a
lateral variation of axial motion is not present and thus motion
is purely axial motion. The heights of the arrows (indicating
the axial motion) are constant in the lateral direction (x-di-
rection). In this case, the corresponding bar graph 220 has a
rectangular shape of the bar 222 is rectangular, like a conven-
tional bar graph (horizontal top side of bar 222). In the
example of FIG. 64 lateral variation of axial motion (e.g.
rocking and/or tilting) is present and thus there is a mixture of
axial motion and lateral variation (e.g. rocking and/or tilting).
The height arrows indicating axial motion are not constant,
but varying in the lateral direction (x-direction). In this case,
the corresponding bar graph 220 has a bar 222 which shape
indicates the lateral variation of the strain image quality
(slanted top side of bar 222). In the example of FIG. 6c,
compared to the example of FIG. 65, even more lateral varia-
tion (e.g. rocking and/or tilting) is present, such that the
lateral variation of axial motion exceeds the axial motion. In
this case, as indicated by the arrows in FIG. 6¢, the axial
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motion changes direction in the lateral direction x (laterally
across the image), with an intermediate point x,, or region
having nearly zero axial motion. In this case, the correspond-
ing bar graph 220 has a V-shaped bar 222.

[0052] FIG. 7 shows a schematic block diagram of'an ultra-
sound elastography method according to an embodiment. Ina
first step Si a time-varying ultrasound signal is received from
an ultrasound probe having at least one transducer element.
The ultrasound probe can in particular be the ultrasound
probe 101 as explained with reference to the embodiment of
FIG. 1. In a further step S2 axial motion data based on the
time-varying ultrasound signal is determined. The axial
motion data indicates a relative axial motion between the
ultrasound probe and the anatomical site in an axial direction
y. In a further step S3 a lateral variation of the axial motion in
a lateral direction x based on the actual motion data is deter-
mined. Further, in step S5 strain image data based on the axial
motion data is determined. These determinations can for
example be performed by a signal processing unit 103 as
explained with reference to the embodiment of FIG. 1. In step
S6 a strain image 200 of the anatomical site is displayed based
on the strain image data. Further, in step S4 an indication of
lateral variation of a quality of the strain image based on the
lateral variation of the axial motion is displayed. These dis-
playing steps can for example be performed by a display 105
as explained with reference to the embodiment of FIG. 1.
[0053] FIG. 8 shows a schematic block diagram ofan ultra-
sound elastography method according to a variant of the
embodiment of FIG. 7. The variant of F1G. 8 differs from the
embodiment of FIG. 8 in an additional step S7 of determining
ultrasound echo intensity data based on the ultrasound signal,
and a step S8 of displaying an ultrasound echo intensity image
of the anatomical site. The ultrasound echo intensity data and
the strain data can be based on the ultrasound echo signal
from the same transmit pulse (set of transmit pulses) or from
different transmit pulses (sets of transmit pulses).

[0054] The explanation above has been made in connection
with axial motion data being two-dimensional data for a
plurality of points P(x,, y,), each having an axial position y,
and a lateral position x,. However, it will be understood that
the axial motion data can also be three-dimensional data for a
plurality of points P(x,, y,, Z,), each having an axial positiony,,
a lateral position x, and an elevational position z,. The signal
processing unit 103 can then be configured to determine an
elevational variation ofthe axial motion in an elevation direc-
tion z based on the axial motion data, and the display unit 105
can be configured to display an indication of elevational
variation of strain image quality based on the elevational
variation of the axial motion. The elevational direction z is
orthogonal to each of the axial direction y and the lateral
direction x. Further, the display unit can be configured to
display a three-dimensional strain image or multi-planar
strain image.

[0055] 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.

[0056] 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 draw-
ings, the disclosure, and the appended claims.

[0057] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
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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.
[0058] 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.
[0059] Any reference signs in the claims should not be
construed as limiting the scope.
1. An ultrasound elastography system for providing a strain
image of an anatomical site, the system comprising a signal
processing unit configured to:
receive a time-varying ultrasound signal from an ultra-
sound probe having at least one transducer element,

determine axial motion data based on the time-varying
ultrasound signal, the axial motion data indicating a
relative axial motion between the ultrasound probe and
the anatomical site in an axial direction, and

determine a lateral variation of the axial motion in a lateral

direction based on the axial motion data; and
the system further comprising a display unit configured to:
display a strain image of the anatomical site based on strain
image data which is determined based on the axial
motion data, and
display an indication of lateral variation of a quality of the
strain image based on the lateral variation of the axial
motion,

wherein the indication of strain image quality is a bar graph

having a bar, wherein a shape of the bar indicates the
lateral variation of the axial motion.

2. The system of claim 1, wherein the lateral variation of
the axial motion is determined by determining, for at least two
lateral positions in the lateral direction, an amount of relative
axial motion and by comparing the amounts of axial motion.

3. The system of claim 2, wherein the display unit is con-
figured to display the indication of the lateral variation of the
strain image quality by displaying an indication of the amount
of relative axial motion as a function of the lateral position.

4. The system of claim 1, wherein the axial motion data is
two-dimensional data for a plurality of points each having an
axial position and a lateral position, the axial motion data
indicating an amount of relative axial motion for each point of
the plurality of points.

5. The system of claim 4, wherein determining the lateral
variation of the axial motion comprises by averaging, for each
of at least two lateral positions in the lateral direction, the
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amounts of relative axial motion of the points of the plurality
of points which have the respective lateral position.
6. The system of claim 4, wherein determining the lateral
variation of the axial motion comprises by averaging, for each
of at least two lateral positions in the lateral direction, the
axial derivatives of the amounts of relative axial motion ofthe
points of the plurality of points which have the respective
lateral position.
7. (canceled)
8. The system of claim 1, wherein a height of the bar
indicates a level of strain image quality.
9. (canceled)
10. The system of claim 1, wherein the shape of the bar is
slanted and/or curved when the strain image quality laterally
varies.
11. The system of claim 1, wherein the indication of the
lateral variation of the strain image quality is displayed in
real-time and/or stored in a memory for later displaying.
12. The system of claim 1, the display unit further operable
to display an ultrasound echo intensity image of the anatomi-
cal site.
13. The system of claim 1, wherein the signal processing
unit is configured to determine an elevational variation of the
axial motion in an elevation direction based on the axial
motion data, and the display unit is configured to display an
indication of elevational variation of strain image quality
based on the elevational variation of the axial motion.
14. An ultrasound elastography method for providing a
strain image of an anatomical site, the method comprising:
receiving a time-varying ultrasound signal from an ultra-
sound probe having at least one transducer element,

determining axial motion data based on the time-varying
ultrasound signal, the axial motion data indicating a
relative axial motion between the ultrasound probe and
the anatomical site in an axial direction,
determining a lateral variation of the axial motion in a
lateral direction based on the axial motion data,

displaying a strain image of the anatomical site based on
strain image data which is determined based on the axial
motion data, and

displaying an indication of lateral variation of a quality of

the strain image based on the lateral variation of the axial
motion,

wherein the indication of strain image quality is a bar graph

having a bar, wherein a shape of the bar indicates the
lateral variation of the axial motion.

15. A computer program comprising program code means
for causing a computer to carry out the steps of the method as
claimed in claim 14 when said computer program is carried
out on the computer.
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