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(57) ABSTRACT

The present invention relates to an ultrasonic imaging system
for evaluating and displaying a deformation of a body organ.
A sequence of image data sets comprising at least a firstimage
data set and a second image data set of echographic data is
acquired. A motion vector field is calculated between image
points of the second image data set and image points of the
first image data set. A reference point is chosen within or
outside the first and second image data sets. A first scanline is
defined, which comprises said reference point. A motion vec-
tor of an image point is projected onto the defined first scan-
line, which provides a projected tissue velocity along the first
scanline. The projected tissue velocity is used for evaluating
a ID component of a deformation of the body organ at the
image point along the direction of the first scanline. Sucha ID
component of a deformation of the body organ, for example a
strain rate or a strain, is further rendered in a graphical rep-
resentation of the sequence of image data sets.

11 Claims, 8 Drawing Sheets
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1
ULTRASONIC IMAGING SYSTEM AND
METHOD

FIELD OF THE INVENTION

The present invention relates to an ultrasound imaging
system for evaluating and displaying tissue deformation. The
invention further relates to an imaging method to be used in
such a system. The invention finally relates to a computer
program for carrying out such an imaging method.

The invention finds its application in particular in the
domain of echocardiographic imaging.

BACKGROUND OF THE INVENTION

In many diagnostic evaluations of ultrasonic images, a
quantitative evaluation of the tissue’s kinematic properties
(velocity and deformation) improves the ability to identify
dysfunctions. This kind of analysis has a particular relevance
in the field of echocardiographic imaging. In this field, the
assessment of the effective ventricular function requires a
knowledge of numerous properties about the ventricular
dynamics. A technique for evaluating velocity is known as
Tissue Doppler Imaging (TDI), which allows the measure-
ment of tissue velocity over all points in the ventricular wall.
The measurement of tissue velocity helps to uncover abnor-
malities which are not immediately observable from tissue
visualization in B-mode imaging. The measured tissue veloc-
ity provides information about rigid body displacement and
contraction/distension. The contraction/distension is related
to the myocardial activity. Additional features such as local
strain or strain rate of the tissue can be derived from the tissue
velocities.

A drawback of TDI is that only a component of tissue
velocity along a scanline can be measured. Therefore, when
tissue moves in a direction that is not aligned with the scan-
line, the Doppler velocity does not reflect the effective tissue
kinematics. Only the components of strain and strain rate
along the scanline can be evaluated, giving a reduced view of
the local deformation state. Moreover, this limits the applica-
tion of TDI to the anatomical sites that can either be imaged
aligned along a scanline or that have a displacement in the
direction of the scanline. In echocardiography, these anatomi-
cal sites correspond essentially to the interventricular septum
and to the lateral walls in apical view.

Another consequence is that several scanlines should be
acquired at the same location for TDI acquisitions, which
means that the spatial resolution, i.e. the number of scanlines,
is reduced if a high acquisition frame rate is to be achieved.

United State Patent Application number US2005/0070798
discloses a method of estimating tissue velocity vectors and
oriented strain from a single acquisition of B-mode ultrasonic
imaging data. An optical flow velocity field estimation tech-
nique is applied for providing a dense motion vector field
from a sequence of at least two successive B-mode image
frames without the need to acquire more image data in the
Doppler mode. An evaluation of strain and strain rate data in
any direction, even transverse to the scanline, can be derived
from the calculated dense motion vector field. A drawback of
such a method is that it does not provide any solution for
visualizing the evaluated tensors of strain and strain rate data,
which would be convenient for the user.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a system for and
a method of producing and visualizing components of tissue
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velocity and strain derived from the calculation of a dense
motion vector field in a way which is convenient for the user.

This is achieved by a system in accordance with the inven-
tion for evaluating and displaying a deformation of a body
organ, said system comprising;
means for acquiring a sequence of image data sets comprising
at least a first image data set of echographic data and a second
image data set of echographic data from said body organ by
transmitting ultrasonic beams against said body organ and
receiving corresponding beams reflected by said body organ;
means for calculating motion vectors corresponding to image
data points of said sequence of image data sets between said
second image data set and said first image data set, said image
data point being located by coordinates within a referential of
said first and second sequences of image data sets;
means for selecting a reference point within said referential;
means for projecting the motion vector corresponding to an
image data point to a first scanline which links said image data
point to said reference point, said means being configured to
generate a projected tissue velocity value of said image data
point;
means for evaluating a deformation of said body organ at said
image data point from said projected motion value; and
means for producing and displaying a graphical representa-
tion of said evaluated deformation.

With the invention, a sequence of at least two two-dimen-
sional or three-dimensional image data sets is acquired. A
dense motion vector field is calculated as an estimation of
tissue velocities of image points of the second image data set
with respect to the first image data set. A reference point is
chosen within a referential of the second image data set. This
reference point is used as a starting point for defining a first
scanline. This first scanline is further used for evaluating a 1D
component of a deformation of the body organ along the
directions of the first scanline. The reference point may be
placed either outside or inside the image data set.

A projected tissue velocity value is obtained by projecting
the motion vector calculated for the image data point on the
first scanline comprising said reference point. An evaluation
of a 1D component of the deformation of the body organ is
derived from this projected motion value. Such a 1D compo-
nent ofthe deformation is, for example, the strain rate, which
evaluation is based on the spatial gradient of the projected
tissue velocity value or the strain, which is obtained by inte-
grating the strain rate over time. The strain and strain rate are
one-dimensional data, which are further rendered in a graphi-
cal representation, for example as a color-encoded informa-
tion superimposed on a grey-level ultrasonic 2D or 3D image.

With the invention, only a projection of the tissue defor-
mation and not the whole tensor of deformation is evaluated
and displayed at a time, which allows the production of a
graphical representation which is easy to read and to analyze.
Asa matter of fact, such a graphical parametric representation
1s very familiar to the user.

Preferably, a sequence of 3D image data sets is acquired.

In a first embodiment of the invention, a single reference
point is selected for all the image data points. The motion
vectors are projected along scanlines which may be compared
to acquisition scanlines of a real probe. Advantageously, the
reference point is placed outside the image data set, prefer-
ably at possible locations of the probe used for acquiring the
sequence of image data sets. The deformation values are
evaluated along these scanlines. An advantage of the first
embodiment in accordance with the invention is that its repro-
duces the kind of graphical representation which can be
obtained by using TDI and with which the user is familiar.



US 8,172,756 B2

3

Inasecond embodiment of the invention, a second scanline
is defined which is perpendicular to the first scanline. The
ultrasonic imaging system in accordance with the second
embodiment of the invention comprises means for projecting
the motion vector to the second scanline. Therefore, a second
1D projected motion value is obtained which is perpendicular
to the one obtained by projection of the motion vector to the
first scanline. A second component of the deformation can be
derived. For example, the first scanline is the long axis of the
heart and the second scanline is a short axis of the heart. An
advantage of the fourth embodiment of the invention is to
provide a 2D evaluation of the local deformation of the body
organ. This is more realistic, in particular for the heart, which
is known to undergo a deformation along three main direc-
tions. The first scanline may provide an evaluation of the
longitudinal deformation and the second scanline an evalua-
tion of the radial deformation.

In a third embodiment of the invention, a view plane is
defined which comprises the chosen reference point. The
projections of the motion vectors are performed within the
view plane and not in the entire 3D image data set. The
generated graphical representation may advantageously
superimpose the color-encoded deformation value on the 2D
grey-level image frame corresponding to the defined view
plane. An advantage for the user is that with such a 2D
graphical representation there is no need to navigate within a
volume of data.

Advantageously, anatomical reference points are used for
defining the view plane. Consequently, the view plane may
correspond to a view which can really be scanned by an
ultrasonic probe such as, for example, a long-axis parasternal
view. In this particular case, the anatomical reference points
are the apex and the heart’s long axis.

In a fourth embodiment of the invention, the projection of
the motion values and the evaluation of the tissue deformation
are not carried out within the entire view plane, but in a region
of interest defined within the view plane. As a matter of fact,
there may be regions in the view plane in which the tissue
velocity information is not relevant. This is the case, for
example, in chamber cavities of the heart which are filled with
blood. By contrast, the myocardial wall is a region of great
interest. Therefore, a region of interest is delimited between a
first and a second border of the body organ. Advantageously,
the endocardial and the epicardial walls are automatically
segmented. An advantage is that only relevant information is
calculated and that computation cost is saved.

In a fifth embodiment of the invention, the reference point
is chosen inside the 3D image data sets. This allows the
definition of a view plane which could not be scanned by an
ultrasonic probe. In particular, a relevant view planeis a view
plane which is defined by the reference point placed on the
long-axis of the heart and chosen perpendicular to the long-
axis. This view plane is preferably chosen above the mitral
valves. Such a short-axis view plane cannot be scanned by an
ultrasonic probe. In this short-axis view plane, the defined
first scanlines are radial with respect to the long axis of the
heart, and therefore the projections of the tissue velocity
motion vectors provide a radial component of the tissue
velocity. Such a radial component of the tissue velocity can-
not be measured with the TDI technique, because it is per-
pendicular to the scanlines fired by the ultrasonic probe and
because the ultrasonic probe usually cannot be placed inside
the left ventricle of the heart.

An evaluation of the radial component of the tissue defor-
mation is derived. This is of great interest, because this radial
component of the tissue deformation has a physiological cor-
respondence. As a matter of fact, the contraction forces of the
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myocardial walls are usually decomposed into a longitudinal,
a circumferential, and a radial component. Therefore, an
advantage of the fifth embodiment of the invention is that it
allows a calculation of the projected tissue velocities and an
evaluation of 1D tissue deformations from a reference point
location at which it is not possible to place a real probe.

In a sixth embodiment of the invention, a second graphical
representation is generated from a second reference point
and, advantageously, a second view plane. From this second
reference point, a second set of 1D components of the defor-
mation can be obtained from the previously calculated motion
vectors simply by recalculating new projected motion values
and deformation values from said second reference point. It
should be noted that this sequence of operations can be
repeated as many times as required. An advantage is that the
system in accordance with the fifth embodiment allows the
generation of a plurality of graphical representations of 1D
components of the deformation of the body organ from a
single ultrasonic acquisition. These 1D components of the
tissue deformation, for example the radial, longitudinal, and
circumferential components of the heart deformation, can
advantageously be visualized at the same time.

In a seventh embodiment of the invention, a specific refer-
ence point is selected for an image data point for which a
motion vector has been calculated. A curved line is designed
to comprise the reference points corresponding to the image
data points. The reference point corresponding to an image
point is selected on the curved line such that the first scanline
linking the image data point to the reference point is perpen-
dicular to a tangent of said curved line at said reference point.

An advantage of the seventh embodiment of the invention
is that a curved line can be selected which follows anatomical
structures and, for example, follow the shape of the region of
interest delimited by the first and second borders.

The present invention also relates to the imaging method to
be used in such an ultrasonic imaging system.

These and other aspects of the invention will be apparent
from and will be elucidated with reference to the embodi-
ments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail,
by way of example, with reference to the accompanying
drawings, wherein:

FIG.11s a schematical drawing of a system in accordance
with the invention,

FIG. 2 is a schematical drawing of a 3D image data set
acquired by the acquisition means in accordance with the
invention;

FIGS. 3A and 3B are schematical drawings of a motion
vector field and corresponding projected tissue velocity val-
ues in accordance with the first embodiment of the invention;

FIG. 4 is a schematical drawing of a view plane in accor-
dance with the second embodiment of the invention;

FIGS. 5A and 5B are schematical drawings of a motion
vector field and corresponding projected tissue velocity val-
ues in accordance with the third and fourth embodiments of
the invention;

FIG. 6 is a schematical drawing of the components of the
myocardial contraction;

FIGS. 7A and 7B are examples of graphical representa-
tions of the evaluated tissue deformation in accordance with
the fifth and sixth embodiments of the invention; and

FIG. 8 is a schematical representation of an imaging
method in accordance with the invention.
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DETAILED DESCRIPTION OF THE INVENTION

The invention relates to an ultrasonic imaging system for
evaluating and representing a deformation of a body organ
from an acquisition of 2D or 3D echographic data. In the
following the system in accordance with the invention will be
described in more detail in the particular domain of echocar-
diography, for evaluating and representing a deformation of
the myocardial wall of the heart of a patient from a single
acquisition of 3D echographic data.

However, the invention is not limited to echocardiography
and may be applied to the evaluation of the deformation of
any body organ that can be imaged by ultrasound. The sche-
matical drawing of FIG. 1 shows an ultrasonic imaging sys-
tem 100 in accordance with the invention. A patient 1 is
arranged on a patient table 2. His symbolically indicated heart
3 is pointed by an ultrasonic probe 4. The ultrasonic probe 4
comprises a 2D transducer array which is adapted to transmit
ultrasonic beams against the heart 3 of the patient 1 and to
receive corresponding echographic beams reflected by said
heart. The system 100 in accordance with the invention com-
prises means 5 for generating a sequence of at least two 3D
image data sets of the heart 3 3DIS, and 3DIS, from said
received echographic beams. It should be noted that an image
data set either comprises raw data or a scan converted image.
The at least two 3D image data sets advantageously corre-
spond to successive time instants of the cardiac cycle. A 3D
image data set is a volume of image data points which can be
identified by triplets (X, y, ) of coordinates within a referen-
tial (O, X, Y, 7) of the 3D image data sets.

The system in accordance with the invention further com-

prises means 6 for calculating motion vectors MV corre-
sponding to image data points of the sequence of 3D image
data sets between the second 3D image data set 3DIS, and the
first 3D image data set 3DIS,. A dense motion vector field
MVF is obtained, which comprises a calculated vector of 3D
motion components

for at least each image data point of the second 3D image data
set 3DIS,. Known techniques such as optical flow or block
matching are used.

The system in accordance with the invention further com-
prises means 7 for selecting a reference point RP within said
referential (O, X, Y, Z) of the second sequence of 3D image

data sets 3DIS,. Considering the motion vector MV corre-
sponding to an image data point IP, said reference point RP is
further used for defining a first scanline SL.1 which comprises
said reference point RP. The system in accordance with the
invention further comprises means 8 for projecting the

motion vector MV to the first scanline SL1, as shown in FIG.
3B. A projected tissue velocity value TV is obtained, which
represents a 1D component of the motion vector along the
first scanline SL1.

It should be noted that the reference point RP may either be
selected once for all image data points of the image data set or
be specifically selected for each image data point, as will be
explained in more detail below.

The projected tissue velocity value TV represents an evalu-
ation of a local tissue velocity and is further used by means 9
for evaluating a deformation of the tissue of the body organ at
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said image data point IP. To this end, image processing tech-
niques well known to those skilled in the art are used. In
particular, a strain rate value SR of the deformation at the
image data point IP is evaluated by calculation of a spatial
gradient of the projected motion value PMV. Advantageously,
astrain value S is also estimated as an integration over time of
the strain rate value SR. Therefore, the evaluated strain and
strain rate values S, SR of'the tissue at the image data point IP
are also 1D components of the deformation along the scanline
SL.

This 1D component of the deformation is further rendered
ona graphical representation GR of the sequence of 3D image
data sets by display means 10. Advantageously, said display
means are adapted to encode the evaluated deformation val-
ues in accordance with a range of colors and to superimpose
them on the grey-level sequence of 3D image data sets.

It should be noted that, in the case of a sequence compris-
ing more than two 3D image data sets and, in particular,
covering a complete cardiac cycle, the means 6 for calculating
motion vectors can be repetitively applied to couples of suc-
cessive 3D image data sets, leading to a plurality of motion
vector fields. Thus a plurality of sets of 1D components of the
deformation can be evaluated from the plurality of motion
vector fields. An advantage is that an evolution of the defor-
mation of the body organ, for example the myocardium, can
be observed during the cardiac cycle.

The schematical drawing of FIG. 2 shows a 3D image data
set 3DIS that has been acquired by the acquisition means 5.
Such an image data set comprises echographic data of the
heart, and in particular of the myocardium. As was noted
above, the 3D image data set 3DIS comprises image data
points IP (x, y, z), which are located by their coordinates in a
referential of the 3D image data set (0, X, Y, Z). The heart is
usually identified by anatomical reference points such as the
apex A or the longitudinal axis of the heart LA. These ana-
tomical reference points are also located by coordinates in the
referential (O, X, Y, 7).

The schematical drawing of FIG. 3A shows the dense
motion vector field MVF calculated by the means 6. Advan-
tageously, optical flow methods well-known to those skilled
in the art, are involved. These optical flow methods are based
on the assumption of conservation of brightness. According
to this assumption, an object moves from one image frame to
another without local change of its brightness.

Referring to FIG. 3B, the reference point RP is chosen
either inside or outside the image data set. Considering the
image data point IP1 of the 3D image data set 3DIS, a first
scanline SL1(IP1) is drawn which links the reference point
RPto the image data point IP1. The means 8 for projecting the

motion vector MV, corresponding to the image data point IP,
to the first scanline SL, (IP1) is adapted to provide a projected
tissue velocity value TV, along the direction of the first scan-
line SL, (IP1).

In a first embodiment of the invention, a single reference
point RP is selected for all the image data points 1P, of the
image data set, where 1 is an integer. A beam of scanlines
SL,(IP,) is thus obtained which can be considered as fired by
a virtual probe located at the position of the reference point
RP into the body organ.

Referring to FIG. 4, the reference point RP is advanta-
geously chosen outside the image data set 3DIS. It should be
noted that the reference point RP may alternatively be chosen
so as to lie inside the 3D image data set 3DIS.

Ina second embodiment of the invention, a second scanline
SL, is defined, which is perpendicular to the first scanline

SL,, as shown in FIG. 3B. In FIG. 3B, the motion vector MV,
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is projected to the second scanline SL,(IP, ) corresponding to

the image data point IP |, the motion vector 1\7[\/2 is projected
to the second scanline SL,(IP,) corresponding to the image
data point IP,, and so on. Each image data point has its own
second scanline. Projected tissue velocities TV, TV,,, TV,
corresponding to the image data points 1P, IP,, IP; are
obtained, which are 1D components of the tissue velocity
along the respective second scanlines SL,(IP;), SL,(IP,),
SL,(IP;). A second component of the deformation S,,, SR,
along the second scanline SL,(IP,), where i is an integer
belonging to {1,2,3}, can be derived.

An advantage of the second embodiment of the invention is
to provide a 2D evaluation of the local deformation of the
body organ. This is more realistic, in particular for the heart,
which is known to undergo a deformation along three main
directions. The first scanline may provide an evaluation of the
longitudinal deformation and the second scanline an evalua-
tion of the radial deformation.

In a third embodiment of the invention, a view plane VP is
chosen within the 3D image data set. The view plane VP
comprises the reference point RP. Projections TV of the

motion vectors MV of the motion vector field are performed
by the means 8, preferably for the image data points included
within the view plane VP. The corresponding tissue deforma-
tions are derived by the means 9, thus providing a plane of
strain and strain rate values S, SR. An advantage of the second
embodiment of the invention is that the obtained set of 1D
deformation values can be displayed, for example, by super-
imposition on the grey-level values of a 2D image frame
corresponding to the view plane. Such a graphical represen-
tation is easier to analyze than a volume of image data through
which the user should navigate.

Advantageously, the view plane may be defined by using
anatomical reference points such as the apex A and the long
axis LA of the heart. In this way the defined view plane
corresponds to a view which could have been acquired by a
real probe such as, for example, the long-axis apical view
shown in FIG. 4. An advantage is that the user is provided
with a graphical representation of the deformation corre-
sponding to a view of the body organ that he usually analyzes.

In a fourth embodiment of the invention shown in FIG. 5A,
the system in accordance with the invention comprise means
for selecting a first and a second border B, B, within the 3D
image data set. These first and second borders are further used
to delimit a region of interest in which the deformation values
S, SR have to be evaluated. In the particular case of the heart,
these first and second borders are advantageously selected
within the myocardium. As a matter of fact, the evaluated
deformation values give information about the contraction/
distension, which is directly related to the activity of the
myocardium. On the contrary, there are regions, like, for
example, the heart cavities, which are filled with blood and
for which the velocity and deformation information is not
very relevant. It may even constitute a source of noise and
perturbation for analysing the deformations values calculated
for the neighbouring regions.

Referring to FIG. 5A, the graphical representation GR
produced by the display means 10 only render the deforma-
tion values within the region of interest delimited by the first
and second borders B, B,. Therefore, a first advantage of the
fourth embodiment of the invention is to provide deformation
evaluation only for the relevant regions of interest. A second
advantage of delimiting the regions of interest is to reduce the
computation cost.

Such a selection may be performed manually by choosing
image data points of the first and second borders on a grey-
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level representation of the 3D image data point. Alternatively,
this selection could consist in an image segmentation of the
epicardial and endocardial walls, by using well-known image
processing techniques in a semi-automatic or automatic way.

The graphical representation shown in FIG. 5A only rep-
resents the deformation values corresponding to image data
points of the region of interest intersecting the view plane VP.
1t should be noted however that any 3D graphical represen-
tation of the region of interest is comprised within the scope
of the present invention.

In a fifth embodiment of the invention, the reference point
RP may also be chosen inside the 3D image data set. In this
case, the drawn scanlines SL do not correspond to the paths of
ultrasonic beams fired by a real probe, because the probe is
generally not placed within the heart, but outside the patient
body on the skin surface.

Referring to FIG. 5B, the reference point and the view
plane VP may be chosen such that a radial short-axis view of
the heart is obtained. To this end, the reference point belongs
to the long axis of the heart. In addition, relevant anatomical
references are the long axis LA and the mitral valves MiV
shown in FIG. 6A. In particular, the chosen view is perpen-
dicular to the long axis and intersects? the long axis at the
reference point location beyond the mitral valves. The pro-
jected motion values and the corresponding deformation val-
ues S, SR are then calculated for the image data points
included in said short axis view plane.

Advantageously, the calculation of the deformation values
may be restricted to a region of interest defined by a first and
a second border B, B,.

An advantage of the fifth embodiment of the invention is
that a radial component of the deformation is calculated. This
is of great interest because this radial component of the defor-
mation can be made to correspond with the internal structure
of the myocardium, and in particular with the way in which
the muscular fibers of the myocardium are expected to get
contracted.

Referring to FIG. 6, the contraction of the myocardium is
governed by three main contraction forces: a longitudinal
force LF induces a longitudinal motion along the long axis of
the heart; a radial force RF induces a radial motion of the
tissue, which causes the width of the myocardial wall to vary
during the cardiac cycle; and a circumferential force induces
a torsion of the myocardium with respect to the long axis.

With classical TDI techniques, only the longitudinal com-
ponent of the myocardial contraction can be characterized
froman apical acquisition. As a consequence, anadvantage of
the fifth embodiment of the invention is to isolate and to
quantitatively assess both the longitudinal and radial compo-
nents of the myocardial contraction with one single acquisi-
tion.

In a sixth embodiment of the invention, a second graphical
representation is generated from a second reference point
and, advantageously, a second view plane. From this second
reference point, a second set of 1D components of the defor-
mation is obtained from the previously calculated motion
vectors simply by recalculating new projected motion values
and deformation values from said second reference point. It
should be noted that this sequence of operations can be
repeated as many times as required. An advantage is that the
system in accordance with the sixth embodiment allows the
generation of a plurality of graphical representations of 1D
components of the deformation of the body organ from a
single ultrasonic acquisition. These 1D components of the
tissue deformation, for example the radial, longitudinal, and
circumferential components of the heart deformation, can
advantageously be visualized at the same time for providing
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the user with a graphic and quantitative representation of the
deformation of the body organ from a plurality of points of
view.

In a seventh embodiment of the invention, a specific refer-
ence point is selected for a image data point for which a
motion vector has been calculated. Referring to FIGS. 7A and
7B, a curved line ML is defined between the first and second
borders B, B, that have been selected within the body organ.
Said curved line ML is designed to comprise the reference
points RP, corresponding to the image data points IP,, where
1 1is an integer. The reference point RP, is selected on the
curvedline ML such that the first scanline SL, (IP,) linking the
image data point IP, to the reference point RP, is perpendicu-
lar to a tangent of said curved line ML at said reference point
RP,.

An advantage of the seventh embodiment of the invention
is that a curved line can be selected which follows the shape
of the region of interest delimited by the first and second
borders B,, B,. For example, the curved line ML of FIG. 7TA
has the local direction of the myocardium wall. Therefore, the
motion vectors are projected along the first scanlines, which
are perpendicular to the directions of the muscular fibers.
Projected tissue velocities TV1, TV2, TV3 corresponding to
the image data points IP |, IP,, IP, are obtained. An evaluation
of the radial deformation of the myocardial wall can be
derived from these projected tissue velocities, which is more
reliable. As a matter of fact, the projection is performed along
the exact radial direction for a given image point. In FIG. 7B,

the motion vectors I\7IV1, I\7IV2, 1\7[\/3 are projected on a sec-
ond scanline SL,(IP;), which correspond to a tangent of the
curved line ML at the reference point RP,. Projected tissue
velocities TV' 1, TV'2, TV'3 corresponding to the image data
points IP,, IP,, IP, are obtained. A second component of the
deformation S,, SR, along the second scanline SL, can be
derived, which exactly corresponds to a longitudinal compo-
nent of the tissue deformation at the image data point IP,.

The schematic diagram of FIG. 8 describes in a functional
way an imaging method in accordance with the invention.
Such a method comprises the steps of: acquiring (51) a
sequence of three-dimensional (3D) image data sets compris-
ing atleast a first 3D image data set 3DIS, ofechographic data
and a second 3D image data set 3DIS, of echographic data
from said body organ by transmitting ultrasonic beams
against said body organ and receiving corresponding beams
reflected by said body organ;

calculating (52) a motion vectors MV corresponding to an
image data point IP of said sequence of 3D image data sets
between said second 3D image data set and said first 3D
image data set, said image data point comprising coordinates
1(x, y, z) within a referential of said sequence of 3D image
data sets; selecting (53) a reference point RP within said
referential of said second sequence of 3D image data sets,

projecting (54) said motion vector MV to a first scanline SL
which links said image data point to said reference point RP,
said means being configured to generate a projected tissue
velocity value TV;

evaluating (55) a deformation value S, SR of the tissue at said
image data point IP through calculation of a spatial gradient
of said projected tissue velocity value TV.

producing (56) and displaying a graphical representation GR
of said deformation value.

The drawings and their description hereinbefore illustrate
rather than limit the invention. It will be evident that there are
numerous alternatives which fall within the scope of the
appended claims. In this respect the following closing
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remarks are made: there are numerous ways of implementing
functions by means of items ofhardware or software, or both.
In this respect, the drawings are very diagrammatic, each
representing only one possible embodiment of the invention.
Thus, although a drawing may show different functions as
different blocks, this by no means excludes that a single item
of hardware or software carries out several functions, nor
does it exclude that a single function is carried out by an
assembly of items of hardware or software, or both.

Any reference sign in a claim should not be construed as
limiting the claim. The use of the verb “to comprise” and its
conjugations does not exclude the presence of elements or
steps other than those stated in a claim. The use of the article
“a” or “an” preceding an element or step does not exclude the
presence of a plurality of such elements or steps.

The invention claimed is:

1. An ultrasonic imaging system for evaluating and dis-
playing a deformation of a body organ, comprising:

an ultrasonic probe configured to acquire a sequence of

image data sets comprising at least a first image data set
of echographic data and a second image data set of
echographic data from said body organ by transmitting
ultrasonic beams against said body organ and receiving
corresponding beams reflected by said body organ; and

a processor including a computer program therein config-

ured to:

calculate motion vectors corresponding to image data

points of said sequence of image data sets between said
second image data set and said first image data set, said
image data points comprising coordinates within a ref-
erential of said sequence of image data sets;

select a reference point within said referential of said

sequence of image data sets;

project a motion vector corresponding to an image data

point onto a first scanline which links said image data
point to said reference point to generate a first projected
tissue velocity value of the body organ at said image data
point;

project said motion vector onto a second scanline, which

second scanline, for said image data point, is perpen-
dicular to the first scanline to generate a second pro-
jected tissue velocity value of the body organ at said
image data point;

derive an evaluation of two components of a deformation

of the body organ at said image data point from said two
projected tissue velocity values; and

display a graphical representation of said deformation.

2. The ultrasonic imaging system of claim 1, wherein
deriving the evaluation of the deformation of the body organ
further comprises evaluating a strain rate by calculating a
spatial gradient of said projected tissue velocity value or
strain, which is obtained by integrating the strain rate over
time.

3. The ultrasonic imaging system of claim 1, wherein the
sequence of image data sets is a sequence of 3D image data
sets.

4. The ultrasonic imaging system of claim 3, wherein the
processor is further configured to select a view plane within
said 3D image data sets, said view plane including said ref-
erence point.

5. The ultrasonic imaging system of claim 4, wherein
selecting the view plane further comprises identifying ana-
tomical reference points in the 3D image data sets, wherein
said anatomical reference points are used for defining said
view plane.
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6. The ultrasonic imaging system of claim 5, wherein dis-
playing the graphical representation of the deformation fur-
ther comprises displaying the evaluation of the deformation
of the image data points which are included in said view
plane.

7. The ultrasonic imaging system of claim 5, wherein said
body organ is a heart, and said anatomical reference points
comprise points belonging to a long axis of the heart and its
apex.

8. The ultrasonic imaging system of claim 5, wherein said
body organ is a heart, and said anatomical reference points
comprise points belonging to a short axis of the heart and its
mitral valves.

9. The ultrasonic imaging system of claim 1, wherein the
processor is further configured to select a first and a second
border within the sequence of image data sets, wherein dis-
playing the graphical representation further comprises dis-
playing the evaluations of deformations of the image data
points which are localized between said first and second
borders.

10. The ultrasonic imaging system of claim 9, wherein the
processor is further configured to select a curved line ML
between said first and second borders and wherein the select-
ing the reference point is further configured to select a refer-
ence point which belongs to said curved line, such that a first
scanline SL; linking the image data point to the reference
point is perpendicular to a tangent of said curved line at said
reference point.

5

10

20

12

11. An ultrasonic imaging method for visualizing deforma-
tion of tissues of a body organ, comprising the steps of:

acquiring a sequence of image data sets comprising at least
a first image data set of echographic data and a second
image data set of echographic data from said body organ
by transmitting ultrasonic beams against said body
organ and receiving corresponding beams reflected by
said body organ;

calculating motion vectors corresponding to image data
points of said sequence of image data sets between said
second image data set and said first image data set, said
image data points comprising coordinates within a ref-
erential of said sequence of image data sets;

selecting a reference point within said referential of said
sequence of image data sets;

projecting motion vectors of image data points onto first
scanlines which link said image data points to said ref-
erence point, to generate first projected tissue velocity
values of said body organ at said image data points;

projecting each motion vector onto a second scanline,
which second scanline, for each image data point, is
perpendicular to the first scanline to generate a second
projected tissue velocity value of the body organ at said
image data point;

evaluating a deformation value of tissue at said image data
point through calculation of a spatial gradient of each of
said projected tissue velocity values; and

displaying a graphical representation of said deformation
value.
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