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1
ULTRASOUND IMAGING SYSTEM WITH
IMAGE RATE SEQUENCES

FIELD OF THE INVENTION

The present invention relates to an ultrasound imaging
system, and to a corresponding method.

BACKGROUND OF THE INVENTION

A medical ultrasound imaging system is disclosed in U.S.
Pat. No. 5,993,390 which makes it possible to acquire a three
dimensional image of an organ. In the example disclosed,
the organ is the heart. Such a system cooperates with a
matrix of more than a thousand of piezoelectric elements
with associated coaxial cables, which are called transducers
forming a transducer’s array, the transducers allowing to
send ultrasound scan lines through the organ. It means that
a piezoelectric element allows to transmit an ultrasound
pulse, to receive a pressure wave and to convert it into an
electrical signal. A scan line is composed of a plurality of
electrical signals coming from the piezo-electric elements.
This transducer’s array and its electronics form an ultrasonic
probe which is applied onto a patient body near the organ to
be imaged. Hence, an ultrasound image is based upon all the
ultrasound scan lines and interpolations between said scan
lines, both allowing a definition of said image in different
gray levels. The 3D images are usually used to detect a
defect on the organ.

One drawback of said imaging system is that, in order to
check an entire organ such as the left ventricle of the heart,
with a good image quality, the 3D image rate is low because
of the laws of physics governing the acquisition, in particu-
lar the speed of sound of 1540 m/sec. Typically, the image
rate is around 20 Hz (that means only twenty images per
second). Indeed, the image acquisition rate is function of:

The field of view,

The number of scan lines,

The scan lines density, and

The depth of the image.

In order to decrease the time of acquisition, and thus to
increase the image rate, one can decrease the number of scan
lines or decrease the scan lines density. But unfortunately,
this solution leads to a very low resolution of the image. It
is therefore difficult to detect any defect on the organ via the
use of the 3D ultrasound image at high image rate.

SUMMARY OF THE INVENTION

It is an object of the invention to propose an ultrasound
imaging system which allows ultrasound 3D images acqui-
sition of an organ with a good image resolution in order to
detect a synchronism defect between different parts of the
organ.

To this end, the ultrasound imaging system comprises:

A controller for controlling the following operations:

Acquisition at a first image rate of a first sequence of
ultrasound images of an organ,

Acquisition at a second image rate of a second
sequence of ultrasound three-dimensional images of
a sub-volume covering a part of interest in said first
sequence,

Acquisition at the second image rate of a third sequence
of ultrasound three-dimensional images of a refer-
ence sub-volume, and

A comparator for comparing said second and third

sequences of three-dimensional images.
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Hence, thanks to the images acquisition at two different
image rates, one can first look for a part of said organ which
can be interesting, and one can subsequently focus on said
part with more precision and within a faster time acquisition.
As a whole view of said part is available at high image rate,
it is easier to quantify a synchronism defect as the quality of
image is increased.

According to a not limited embodiment, the second image
rate is equal to or higher than 50 Hz. It allows to focus on
the sub-volumes with a very good spatial and temporal
resolution which lead to a good quality of 3D image.

In a first embodiment, the images acquired during the first
step at the first image rate are in two-dimensions. In this
case, the first image rate may be higher than or equal to 40
Hz. 1t allows to have a large field of view of the organ.

In a second embodiment, the images acquired during the
first step at the first image rate are in three-dimensions. It
allows to have a more precise view of the part of the organ
which is interesting.

According to a not limited embodiment, the system fur-
ther comprises means for enabling selection of said part of
interest in said first sequence of ultrasound images. It makes
it possible to make an automatic selection or to help a user
in selection of a part of interest.

According to a first variant of selection, the means for
enabling selection of the part of interest are arranged to
enable a selection based upon velocity information of some
parts of the organ.

It allows to make a quantitative detection of the part of
interest.

According to a second variant of selection, the means for
enabling selection of the part of interest, are arranged to
enable a selection based upon a COLOR KINESIS method.
COLOR KINESIS is a registered trademark of Koninklijke
Philips Electronics N.V.

According to a not limited embodiment of an acquisition
of images, the controller is arranged to control acquisition of
a plurality of sequence of images in a plurality of planes
during a same time period. It allows obtaining an image of
portions of lot of segments of the inner wall of the organ
when the organ is represented by segments.

The present invention also relates to a method for ultra-
sound imaging which comprises the steps of:

Acquiring at a first image rate a first sequence of ultra-

sound images of an organ,

Acquiring at a second image rate a second sequence of
ultrasound three-dimensional images of a sub-volume
covering a part of interest in said first sequence,

Acquiring at the second image rate a third sequence of
ultrasound three-dimensional images of a reference
sub-volume,

Comparing said second and third sequences of three-
dimensional images.

According to a not limited embodiment, the method

further comprises a step of selecting the part of interest.

According to a first variant of selection, the step of
selecting comprises:

a step of acquiring velocity information of some parts of

the organ,

a step of colorization of these velocity information, and

a step of visual assessment of a part of the organ whose
color is not uniform with the other parts.

It allows to make a qualitative detection of the part of
interest.

According to a second variant of selection, the step of
selecting comprises:
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by means of the ultrasound imaging system of FIG. 1;
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a step of acquiring velocity curves associated to some
parts of the organ, and

a step of visual assessment of a delay between these
velocity curves at a representative time.

It allows to make a qualitative detection of the part of 3

interest.

The present invention finally relates to a computer pro-
gram product comprising program instructions for imple-

menting said method.

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 s
The present invention will now be described in more
detail, by way of not limited examples, with reference to the
accompanying drawings, wherein:

FIG. 1 is a schematic diagram of the ultrasound imaging
system according to the present invention which cooperates
with an ultrasonic probe;

FIG. 2 is a schematic drawing of an organ such as the
heart, from which a sequence of images is acquired via the

20

25
FIG. 3 is a first view of a segmentation of an organ such
as the left ventricle of the heart, used by the ultrasound
imaging system of FIG. 1;

FIG. 4 is a second view of a segmentation of an organ
such as the left ventricle of the heart, used by the ultrasound
imaging system of FIG. 1;

FIG. 5 represents a first variant of images acquisition by

means of the ultrasound imaging system of FIG. 1;

FIG. 6 is a schematic diagram of the left ventricle of the
heart used when the variant of FIG. 5 is applied;
FIG. 7 shows two curves used within the variant of FIG.

35

FIG. 8 represents a second variant of images acquisition

40
FIG. 9 is a first schematic diagram of the left ventricle of

the heart with its walls used within the variant of FIG. 8;

FIG. 10 is a second schematic diagram of the left ventricle

of the heart with its walls used within the variant of FIG. 8;

FIG. 11 is a third schematic diagram of the left ventricle 45

of the heart with its walls used within the variant of FIG. §;

FIG. 12 is a fourth schematic diagram of the left ventricle

of the heart with its walls used within the variant of FIG. 8;

FIG. 13 is a schematic diagram of a sequence of images
of the left ventricle of the heart acquired in two different
planes by the ultrasound imaging system of FIG. 1;

FIG. 14 shows a first sub-volume of a part of the heart
acquired via the ultrasound imaging system of FIG. 1;
FIG. 15 shows a second sub-volume of a part of the heart
acquired via the ultrasound imaging system of FIG. 1; and
FIG. 16 represents a diagram of an embodiment of a
method for ultrasound imaging according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION 60
The ultrasound imaging system SYS can be used to
acquire images of any organ such as the heart. The example
of a heart HRT will be considered in the following descrip-
tion, and more precisely the left ventricle of the heart.
The ultrasound imaging system SYS is described in FIG.

65
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It cooperates with a transducer’s array TAR and its
associated electronics, the whole forming an ultrasonic
probe PRB.

The system SYS comprises:

A controller CTRL for controlling acquisition of a
sequence of images via said ultrasonic probe PRB. This
controller CTRL makes it possible to change the image
rate acquisition, and to configure the piezoelectric
elements of the transducer’s array TAR in order to
perform the following operations:

Acquisition of a first sequence of ultrasound images I1
of an organ at a first image rate IR1,

Acquisition at a second image rate IR2 of a second
sequence of ultrasound three-dimensional images of
a sub-volume S_V1 covering a part of interest RI/VI
in said first sequence I1,

Acquisition of a third sequence of ultrasound three-
dimensional images of a reference sub-volume S_V0
at the second image rate IR2,

A comparator CMP for comparing said first sub-volume
S V1 with said reference sub-volume S V0 based
upon the three-dimensional images sequences,

A screen SCR for displaying the sequences of ultrasound
images acquired, such as a LCD screen, and

A user interface M_USER.

It is to be noted that the controller CTRL comprises a
microprocessor that can be preprogrammed by means of
instructions or that can be programmed by a user of the
system SYS via the interface M_USER.

In a not limited embodiment, the ultrasound imaging
system SYS further comprises:

Means M_SEL for enabling selection of the part of

interest RI/VI within said first sequence of images 11,

Means M_DEF for determining the first sub-volume
S_V1 covering said part of interest RI/VI and for
determining the reference sub-volume S_V0.

One reminds that a heart HRT is composed of a left and

a right ventricles LV and RV, an aorta AO, and a left and
right atrium LA and RA as shown in FIG. 2, and that the
arterial blood goes from the left ventricle LV to the aorta AO
while the right ventricle RV exits the venous blood received
from the right atrium RA to the pulmonary artery. As the way
the left ventricle LV is working is indicative of the health of
the heart HRT, one focus more particularly on said left
ventricle LV when using the ultrasound imaging system
SYS.

Referring now to FIG. 3, the inner wall of left ventricle
LV of the heart HRT is segmented in seventeen segments SG
as defined in the standard “Standardized Myocardial Seg-
mentation and Nomenclature for Tomographic Imaging of
the Heart” by the Cardiac Imaging Committee of the Coun-
cil on Clinical Cardiology of the American Heart Associa-
tion. Thus, FIG. 3 is a display on a circumferential polar plot
of such a segmentation and FIG. 4 is a 3D view of such
segmentation. The seventeen segments are named by the
standard. For example, the segment number 17 is the apex,
and the segments number 1 and 7 which identify the
locations of the anterior wall at the base and mid-cavity are
named basal anterior and mid-anterior. Such a segmentation
may be used by the ultrasound imaging system as described
below.

It should be noted that in the present application, the left
ventricle LV of the heart HRT is in itself considered as an
organ.

In order to acquire images of a heart HRT, the ultrasonic
probe PRB is applied on the body of a patient, at the apex
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near the heart in a not limited embodiment, and the ultra-
sound imaging system SYS performs the operations
described hereinafter.

1) Acquisition of a first sequence of ultrasound images 11
of the heart HRT, more particularly of the left ventricle LV,
at a first image rate IR1. This image rate IR1 is chosen in
order to have a large field of view so as to view the entire
heart or at least the entire left ventricle LV.

In a first embodiment, the acquisition can be made in
three-dimensions at a first image rate IR1 between 15 et 30
HZ. Tt is to be noted that if the image rate is lower, one can’t
see the image moving. This 3D acquisition allows obtaining
a volume and then making some section in any plane. It is
to be noted that in order to view the entire volume of the left
ventricle LV, the images acquisition is performed during
four cardiac cycles, wherein one fourth of the left ventricle
LV is acquired at each cardiac cycle.

In a second embodiment, the acquisition can be made in
two-dimensions at a first image rate IR1 higher than or equal
to 40 Hz. In a not limited embodiment, this rate may be as
high as 180 Hz, depending on the structure of the transduc-
er’s array TAR. This 2D acquisition is faster than the 3D
acquisition but it is only done in a plane perpendicular to the
transducer’s array TAR.

In order for the user to choose between the 2D or 3D
acquisition, the user interface M_USER comprises means
for choosing between these two modes.

2) Selection of a region/volume of interest RI/VI.

According to a first variant, in a first step 1, one uses the
tissue Doppler imaging method, well-known by the person
skilled in the art, to acquire velocity information SPD of the
segments of the left ventricle LV. The result is a sequence of
velocity images of the segments when they move, for
example, toward the transducer’s array TAR.

In a second step 2a), and in a first embodiment of this first
variant,

firstly (2al), a color CLR is associated to the velocity
SPD of the segments of the heart HRT in order to be
displayed on the screen SCR. For example, a red color can
be used when the segments contract whereas a blue color can
be used when the segments relax. When the heart is working
correctly, the whole left ventricle LV should be displayed in
red when it contracts, and in blue when it relaxes. If it is not
the case, the left ventricle LV is displayed for some parts in
red and for other parts in blue. The colors are not uniform.
It means that some segments contract or relax later than
other segments of the heart HRT because their speed peak
are different.

Secondly (2a2), these segments which define some
region/volume of interest R1/VI, are selected. This may be
performed automatically by the means M_SEL for enabling
selection.

It is to be noted that, of course, the automatic detection
and selection of the region/volume RI/VI based on the
difference of colors in a same phase (contraction or relax-
ation) can be replaced by a visual assessment. To this end,
the user interface M_USER comprises means to let the user
choose between the automatic and the visual detection/
selection of a part of interest RI/VI. In this case the means
M_SEL for enabling selection of a part of interest only
comprise the means for acquiring the colored velocity
images.

In a second step 2b), and in a second embodiment of this
first variant, velocity curves are defined based on the veloc-
ity images.

Firstly (sub-step 2b1), a cursor C is positioned on the
image 11 displayed at a first position C1 corresponding to a
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first segment SG1 of the left ventricle LV, as illustrated in
FIG. 6 where one slice of a volume V is represented (in the
example of 3D image acquisition). A first curve CV1, as
illustrated in FIG. 7, is defined based upon the velocity
images. This curve represents the motion of a portion of the
first segment SG1 of the left ventricle LV. As shown in FIG.
7, the X-axis represents the time and the Y-axis represents
the speed of the motion (in centimeter per second).

Secondly (sub-step 252), the cursor C is positioned on the
image I1 displayed at a second position C2 corresponding to
a second segment SG2 of the heart HRT. A second curve of
motion CV2, as illustrated in FIG. 7, is defined.

Thirdly (sub-step 253), one detects a representative time
on the two curves CV1 and CV2, here in a not limited
embodiment, a time to peak velocity TPV, which is the time
at which the portion of a segment of the heart HRT moves
the faster, and one compares the two times to peak velocity
TPV1, TPV2, in order to detect a delay TD between these
two times. In the example of FIG. 7, a delay TD is found
between segment SG1 and segment SG2.

Finally (sub-step 2b4), if a delay TD superior to a
predetermined threshold is detected, a region of interest RI
(in the case of 2D images acquisition) or volume of interest
VI (in the case of 3D images acquisition) to be further
analyzed is selected.

If no delay is detected or the delay is too low, then the
second and third sub-steps 262, 253 are repeated, until a
delay between the first segment SG1 and another segment
SGN is detected.

To this end, the second position C2 of the cursor C is
changed and one repeats the second and further sub-steps
until a delay is detected.

It is to be noted that more than two cursors can be used
if wanted.

It 1s to be noted that, of course, the automatic detection of
a delay between the two curves, and therefore the automatic
selection of the region/volume of interest RI/VI can be
replaced by a visual assessment. To this end, the user
interface M_USER comprises means to let the user choose
between the automatic and the visual selection. In this case
the means for enabling selection of a part of interest only
comprise the means for computing the curves CV1 and CV2.

According to a second variant, in a first step 1) illustrated
in FIG. 8, after acquisition of the 2D or 3D sequences of
images, one determines the inner wall W1 of the left ven-
tricle LV. This is done automatically, in a not limited
example, by an acoustic quantification method well-known
from the person skilled in the art.

In a second step 2), one follows the contraction of the
inner wall WI during a period TSD representative of a
systole phase. The inner wall WI and outer wall WO are
illustrated in FIG. 9.

One reminds that the systole phase is a phase where the
heart HRT contracts which leads to the ejection of the blood
into the arteries, and the diastole phase is a phase where the
heart HRT relaxes. In order to determine the systole phase,
one uses an electrocardiogram ECG of the patient which
shows the beginning and the end of the systole. Thus, the
acquisition of the ultrasound images are synchronized on
said electrocardiogram ECG. In order to make the synchro-
nisation, the ultrasound imaging system SYS comprises an
ECG trigger ECG_T.

This period TSD is a function of the images rate acqui-
sition IR and can be divided in a number of predefined
intervals TIn. This number of intervals depends on the heart
rate and the image rate. During each interval TI, one can
follow the motion of the inner wall WI from a first time ti
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to a second time ti+1 of an interval T1. In the example given
in FIGS. 9 to 12, the first interval TI1 is defined by the two
times t0 and t1, the second interval TI2 by the two times t1
and 12, . . . etc.

In case of a 2D image acquisition, the interval TI may for
instance be equal to 10 ms which corresponds to an image
rate IR1 of 100 Hz.

The interval will be lower in the case of a 3D image
acquisition.

It is to be noted that the period TSD may also be the
diastole phase.

In a third step 3), one defines a contour associated to each
motion of the inner wall W1 and which corresponds to each
interval TI. In the example illustrated, five surfaces S1 to S5
are drawn, a surface being delimited by two contours. Then,
the surfaces SI are colorized with a technique called the
COLOR KINESIS method (CK) well-known by the person
skilled in the art. It displays both the magnitude and timing
of endocardial motion in real time. The COLOR KINESIS
display superimposes a color overlay on a two dimensional
echocardiographic image. The number of pixels represents
the magnitude of endocardial motion, while the different
colors represent the timing of endocardial motion according
to a predefined color encoded map.

In a fourth step 4), thanks to the colors applied, the
regions/volumes of the heart HRT which contracts correctly
and the regions/volumes which do not can be differentiated.
These later regions/volumes represent regions/volumes of
interest RI/VI that can be selected.

In the examples of FIGS. 9 and 10, all the regions/
volumes of the heart HRT contracts correctly, whereas in
FIG. 11 a region/volume of interest RI1/VI1 of the heart
HRT doesn’t contract at all and in FIG. 12, a region/volume
of interest RI2/VI2 of the heart HRT contracts with a delay.

Itis to be noted that, of course, the automatic detection of
a difference of colors, and therefore the automatic selection
of the region/volume RI/VI can be replaced by a visual
assessment. To this end, the user interface M_USER com-
prises means to let the user chose between the automatic and
the visual selection.

In another embodiment (not represented) of this second
variant, in the third step 3), one can also extract a velocity
curve (as described in the first variant) of a segment of said
inner wall W1, the displacement being taken perpendicular
to the inner wall (for example axis AX0 as illustrated in FIG.
10) or toward the center of gravity of the LV, or toward a
predefined axis (for example axis AX1 as illustrated in FIG.
10).

It is to be noted that an X-plane mode can be used in the
acquisition operation at the first rate IR1 as explained below.

The X-Plane mode acquisition makes it possible to
acquire sequences of images in a plurality of planes during
a same time period, for example during a systole phase.

For example as illustrated in FIG. 13, at least two
sequences of images in two different planes P1 and P2 are
acquired. It is called a bi-plane mode. A first image I1_1 of
the first plane P1 is acquired as illustrated in FIG. 13, which
is taken as a baseline, and a second image I1_2 of the second
plane P2 shifted from some degrees from the baseline. In a
not limited embodiment, the shifting is of 60°.

In a not limited embodiment, three sequences of images
are acquired in three different planes P1, P2, P3. The
baseline, one sequence shifted from 60° from the baseline
and the last one shifted from 120° from the baseline. It
allows to have an image of three portions of segments which
are in different segments SG of the left ventricle LV.
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For example, the first plane P1 will allow to have an
image of a first portion which is in the segments 1, 7, 1, 13,
15, 10 and 4, the second plane P2 will allow to have an
image of a second portion which is in the segments 2, 8, 14,
17, 16, 11, 5, and the last plane P3 will allow to have an
image of a third portion which is in the segments 3, 9, 14,
17,16, 12, and 6. Hence, all the segments of the left ventricle
are covered.

In the 2D acquisition, one acquires these two (or three)
sequences simultaneously.

In the 3D acquisition, a volume is acquired and one
subsequently acquires two (or three) different sections to
obtain these two (or three) sequences.

It is to be noted that this X-plane mode can also be used
for a visual assessment about the existence of some dis-
placement difference between two (or three) different por-
tions of segments, displacement such as radial extension.
Such large displacements are visible to the naked eye and
show that a delay of contraction between two different
segments SG exists. If a delay is detected, a region (if 2D
images are acquired) or volume (if 3D images are acquired)
of interest RI/VI where a delay exists is selected by the user
via the user interface M_USER.

Hence the controller CTRL and the means for enabling
selection M_SEL make it possible to perform a screening of
region(s)/volume(s) of interest RI/VI, in order to look for
any asynchronism between different parts of the left ven-
tricle LV quantitatively (by way of different curves, or by
way of colorization) but in a not precise way. Of course,
alternatively, as described before, a qualitative screening (by
visual assessment with or without the help of colorization)
may be performed.

3) Determination of a sub-volume S_V1, focused on said
selected region/volume of interest R1/VI, via the determi-
nation means M_DEF. The position and size of said sub-
volume S_V1 on the sequence of images 11 (2D or 3D
sequence) can be displayed on the screen SCR for example
in dash lines.

The sub-volume S_V1 may be automatically determined
and displayed on the screen SCR with its parameters (depth
R1, azimuth angle 81 and elevation angle) in order to cover
the region/volume RI/VI of interest.

Then, the user can change manually the position and size
of said sub-volume (for example with two cursors CC1, CC2
displayed on the screen SCR as illustrated in FIG. 14) in
order to obtain another image rate for example. To this end,
the user interface M_USER comprises means in order to
give the user this possibility. It is to be noted that the image
rate is a function of the size of the sub-volume S_V1 (at a
constant density of scan lines).

Of course, alternatively, the user can determine himself
manually this sub-volume S_V1 with the two cursors CCl,
CC2. If the sequence of images acquired at the first rate IR1
are in 2D, the user can define the elevation angle by viewing
a second plane P2 of images for example.

Thus, the user interface M_USER may comprise means
which give the user the choice between an automatic and a
manual sub-volume determination.

4) Acquisition of the second sequence of ultrasound
three-dimensional images I3D_1 of said sub-volume S_V1
at a second image rate IR2. In a not limited embodiment, this
second image rate IR2 is higher or equal to 50 Hz. It allows
to focus on the region/volume RI/VI with a very good spatial
and temporal resolution which lead to a good quality of 3D
image.
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Tt is to be noted that the technique of acquiring a 3D image
is well-known by the person skilled in the art and therefore
will not be described here.

It is to be noted that by acquiring 3D dimensional images
at a high image rate IR2, a faster acquisition is possible. For
example, when the image rate acquisition is increased up to
80 Hz, one goes four times faster than when the image rate
acquisition is of 20 Hz.

It is to be noted that the transducer’s array used produces
a number of scan lines which are spaced, in a not limited
embodiment between 0.5° and 1.5°, from each other. This
leads to a good density of scan lines which allows obtaining
a good spatial resolution of the 3D ultrasound images and
thus a better quality of image.

This 3D sequence 13D_1 of images may be displayed on
the screen SCR.

5) Determination of another sub-volume S_V0 which is
taken as a reference as illustrated in FIG. 15 via the
determination means M_DEF.

Of course, in the same way as for the first sub-volume
S_V1, alternatively, the user can perform himself this opera-
tion.

6) Acquisition of the third sequence of 3D images 13D_2
corresponding to said reference sub-volume S_V0. This 3D
sequence 13D_2 of images may be displayed on the screen
SCR.

7) Comparison of the sub-volume S_V1 with the refer-
ence sub-volume S_VO0 via the comparator CMP. This
comparison can be performed in many different ways. For
instance, it is possible to compute displacement curves
representing the displacement of the sub-volume S_V1 and
the reference sub-volume S_V0 during a cardiac cycle. If
these curves are identical, then there is no asynchronism
between the sub-volume S V1 and the reference sub-vol-
ume S_VO0. If the curves are different, then there may be
asynchronism. One may for instance detect a delay TDL
between these two curves at a representative time (such as
the time of maximum displacement). As it is known in the
field of 3D ultrasonic images, and in particular in Cardiac
Resynchronisation Therapy, how to compare 2 different
volumes, there is no need to describe it further. The main
difference between the present invention and the prior art is
that this comparison is performed between images acquired
at higher image rate than in the prior art, which leads to a
much more precise comparison.

The result of the comparison may be displayed on the
screen SCR. For instance, the user may be warned that there
is a delay TDL between the sub-volume S_V1 and the
reference sub-volume S_V0.

As a summary, FIG. 16 illustrates the method for ultra-
sound imaging according to the invention where one can see
the different operations controlled by the system SYS. Of
course, some operations may be performed in parallel. For
example, the acquisition of the 3D sequence of the sub-
volume S_V1 covering the part of interest RI/VI and the
acquisition of the 3D sequence of the reference sub-volume
S_V0 may be performed in parallel and may both be
displayed on the screen SCR of the system SYS.

It is to be noted that such an ultrasound imaging system
SYS may be used in a plurality of applications for the heart
such as, but not limited to, synchronisation measurements.

The synchronisation measurement allows to detect if a
part of the left ventricle is contracting in synchronism with
another part of the left ventricle and to detect a potential
defect if not. Thanks to the ultrasound imaging system
described, one can see if there is a synchronisation or not.
Subsequently, one can use a pacemaker to correct this defect
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of the heart and to stimulate the part of the heart which
doesn’t work correctly. It is to be noted that there is a
synchronism defect of the heart if the delay of contraction
between two parts of said heart is around 40 ms. One can
understand that with the image rate of the 3D acquisition by
means of the system described, one can detect such a defect,
which would not be possible with the 3D image acquisition
rate of 20 Hz (50 ms between two images) of the prior art.

Hence, the ultrasound imaging system of the present
invention that has been described comprises the following
advantages:

As seen before, it allows to detect dysfunction between
two different parts of the heart with the synchronisation
measurement.

Thanks to the 3D acquisition, one can obtain a sequence
of images with a significant number of images (superior or
equal to 50 images per second) of the part of the heart which
can have some problem in order to have a precise view and
this with a good resolution (the number of scan lines being
kept around a thousand or more). In this case, one have a
good field of view as the image rate acquisition and the
density of scan lines are satisfying.

Moreover, thanks to the acquisition of the first sequence
of images by the ultrasound imaging system described, one
can perform some global volume measurement as the first
step gives the inner wall of the heart.

One reminds that the global volume measurement consists
in measuring the volume of blood within the cavity of the
heart. More particularly, the ejection fraction EF, which is
the fraction of blood ejected by the ventricle relative to its
end-diastolic volume, is computed.

Therefore, EF is calculated from: EF=(SV/EDV)-100
where SV=stroke volume, EDV=end-diastolic volume.

Hence, a good estimates of end-diastolic (EDV) and
end-systolic volumes (ESV), and stroke volume
(SV=EDV_ESV) is provided.

With the ultrasound imaging system described, one can
prevent some heart failure and one can apply the appropriate
therapy, for example a cardiac resynchronisation therapy
CRT which consists in stimulating the heart’s chambers
(ventricles plus atriums) to beat simultaneously, so that they
are more efficient in pumping blood to the body. The
stimulation can take place via a pulse generator and pacing
leads (pacemaker), which are placed next to the heart’s
tissue.

It should be noted that the above-mentioned embodiments
illustrate rather than limit the invention, and that those
skilled in the art will be capable of designing many alter-
native embodiments without departing from the scope of the
invention as defined by the appended claims.

In the claims, any reference signs placed in parentheses
shall not be construed as limiting the claims. The word
“comprising” and “comprises”, and the like, does not
exclude the presence of elements or steps other than those
listed in any claim or the specification as a whole. The
singular reference of an element does not exclude the plural
reference of such elements and vice-versa.

The invention may be implemented by means of hardware
comprising several distinct elements, and by means of a
suitably programmed computer. In a device claim enumer-
ating several means, several of these means may be embod-
ied by one and the same item of hardware. The mere fact that
certain measures are recited in mutually different dependent
claims does not indicate that a combination of these mea-
sures cannot be used to advantage.
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The invention claimed is:

1. An ultrasound image acquisition system, comptrising:

an ultrasonic probe configured to image an organ, the

ultrasonic probe including a transducer array; and

a computer in communication with the ultrasonic probe,

the computer comprising:

a controller for controlling the transducer array to:

acquire at a first image rate (IR1) of a first sequence of
ultrasound images (I1) of the organ (LV),

after acquisition at the first image rate (IR1) of the first
sequence of ultrasound images (I1) of the organ
(LV), acquire at a second image rate (IR2) of a
second sequence of ultrasound three-dimensional
images (I3D_1) of a sub-volume (S_V1) by focusing
on a selected part of interest (RI/VI) associated with
the organ in said first sequence (I1), wherein focus-
ing comprises the controller adjusting at least one of
a spatial or a temporal resolution of the transducer
array to acquire a 3D image of the selected part of
interest with an increased image resolution relative
to the first sequence of ultrasound images, wherein
the second imaging rate (IR2) is different from the
first imaging rate (IR1),

after acquisition at the first image rate (IR1) of the first
sequence of ultrasound images (I1) of the organ
(LV), acquire at the second image rate (IR2) of a
third sequence of ultrasound three-dimensional
images (I3D_2) of a reference subvolume (S_V0);
and

an image comparator module in communication with the

controller, the image comparator module for comparing
said second and third sequences of three dimensional
images (I3D_1, 13D_2),
wherein the image comparator module is configured to:
determine a first plurality of displacement curves repre-
sentative of a displacement of the subvolume (S_V1);

determine a second plurality of displacement curves rep-
resentative of a displacement of the reference subvol-
ume (S_V0); and

identify asynchronism when a delay between the first

plurality of displacement curves and the second plu-
rality of displacement curves is detected;

wherein the controller is configured to control the trans-

ducer array to acquire, in parallel, the second and third
sequences of images.

2. An ultrasound image acquisition system as claimed in
claim 1, wherein the second image rate (IR2) is equal to 50
Hz.

3. An ultrasound image acquisition system as claimed in
claim 1, wherein the images (I1) acquired at the first image
rate (IR1) are in two-dimensions.

4. An ultrasound image acquisition system as claimed in
claim 3, wherein the first image rate (IR1) is equal to 40 Hz.

5. An ultrasound image acquisition system as claimed in
claim 1, wherein the images (I1) acquired at the first image
rate (IR1) are in three-dimensions.

6. An ultrasound image acquisition system as claimed in
claim 1, wherein the controller is configured to automati-
cally select said part of interest (R, VI) in said first sequence
of ultrasound images (I1).

7. An ultrasound image acquisition system as claimed in
claim 6, wherein the selection of the part of interest (RI/VI)
is based upon velocity information of some parts of the
organ.

8. An ultrasound image acquisition system as claimed in
claim 7, wherein the selection is based upon a COLOR
KINESIS method (CK).
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9. An ultrasound image acquisition system as claimed in
claim 1, wherein the controller (CTRL) is arranged to
control acquisition of a plurality of sequences of images in
a plurality of planes (P1, P2, P3) during a same time period.

10. An ultrasound image acquisition system as claimed in
claim 1, further comprising a screen configured to display a
warning when the delay is detected.

11. A method for ultrasound imaging, comprising the
steps of:

positioning an ultrasonic probe with respect to a body of

a patient to image an organ, the ultrasonic probe
including a transducer array;
acquiring, by a controller in communication with the
ultrasonic probe and operable to control the transducer
array, at a first image rate (IR1) a first sequence of
ultrasound images (I1) of the organ (LV);

after acquiring the first sequence of ultrasound images
(I1) of the organ (LV) at the first image rate (IR1),
acquiring, by the controller, at a second image rate
(IR2) a second sequence at a second image rate (IR2)
of ultrasound three-dimensional images (I3D_I1) of a
subvolume (S_V1) by focusing on a selected part of
interest (RI/V]) associated with the organ in said first
sequence (I1), wherein focusing comprises adjusting at
least one of a spatial or a temporal resolution of the
ultrasonic probe to acquire a 3D image of the selected
part of interest with an increased image resolution
relative to the first sequence of ultrasound images,
wherein the second image rate is different from the first
image rate;

after acquiring the first sequence of ultrasound images

(I1) of the organ (LV) at the first image rate (IR1),
acquiring, by the controller and in parallel with acquir-
ing the second sequence, at the second image rate (1R2)
a third sequence of ultrasound three-dimensional
images (I3D_2) of a reference sub-volume (S_V0); and
comparing, by a comparator module in communication
with the controller, said second and third sequences of
three-dimensional images (I3D_1, 13D_2)
wherein the image comparator module is configured to:
determine a first plurality of displacement curves repre-
sentative of a displacement of the subvolume (S_V1);

determine a second plurality of displacement curves rep-
resentative of a displacement of the reference subvol-
ume (S_V0); and

identify asynchronism when a delay between the first

plurality of displacement curves and the second plu-
rality of displacement curves is detected.

12. A method for ultrasound imaging as claimed in claim
11, further comprising selecting the part of interest (RI/VI).

13. A method for ultrasound imaging as claimed in claim
12, wherein selecting comprises: acquiring velocity infor-
mation of some parts of the organ, colorizing the velocity
information, and visually assessing a part of the organ whose
color is not uniform compared to other parts of the organ.

14. A method for ultrasound imaging as claimed in claim
12, wherein selecting comprises: acquiring velocity curves
(CV1, CV2) associated to some parts of the organ, and
visually assessing a delay (TD) between these velocity
curves (CV1, CV2) at a representative time (TPV).

15. An ultrasound image acquisition system as claimed in
claim 1, wherein the second image rate (IR2) is greater than
the first image rate (IR1).

16. An ultrasound image acquisition system as claimed in
claim 1, wherein the second image rate (IR2) allows detec-
tion of a synchronism defect of a heart.
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