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Description

[0001] This invention relates to ultrasonic diagnostic
imaging systems and, in particular, to the use of ultra-
sonic strain imaging to evaluate ischemic areas of the
heart which have suffered an infarct.
[0002] One of the uses of cardiology ultrasound is to
evaluate the heart of a patient who has suffered an infarct.
It would be desirable, for instance, to be able to image
the coronary arteries to look for blockages that may have
caused an ischemic event. Ultrasound, however, is gen-
erally not capable of directly visualizing the coronary ar-
teries due their motion, location outside the heart, prox-
imity to the lungs, and other characteristics. Thus, arterial
functions are indirectly diagnosed with ultrasound by as-
sessing myocardial wall motion. An abnormal or asyn-
chronous wall motion suggests reduced arterial flow,
probably due an occlusion of a coronary artery by an
arterial plaque or blood clot. Abnormal functioning of the
myocardium due to an occlusion can be diagnosed by
visualizing the contractility of the myocardium. Contrac-
tility can be assessed by calculating myocardial mural
strains throughout the heart muscle as the heart con-
tracts, looking for areas where the deformation during
contraction is minimal or erratic. Unfortunately, most cur-
rent approaches lack the resolution to image local strains
and are not real-time. Existing strain imaging can only
measure global strains (longitudinal, circumferential and
radial) over the heart cycle. While useful, they cannot be
used to localize and reliably visualize an infarct or de-
marcate an ischemic region. These applications lack the
sensitivity required to diagnose local heart functions. Fur-
thermore, since strain is determined by tracking myocar-
dial motion over the full heart cycle or at least its contrac-
tion phase, only one strain image can be produced for a
heart cycle.
These images are viewed statically and not as real time
motional images. Accordingly it is desirable to be able to
determine cardiac contractility characteristics with high
resolution and to be able to view them in real time cardiac
images.
[0003] US 2013/0286023 A1 discloses an ultrasound
system configured to display a moving image of a heart,
including a color coded overlay displayed as a function
of time. The overlaid information may be a local instan-
taneous strain value displayed as a function of time. The
strain value may be calculated in a strain sub-module.
[0004] In accordance with the present invention an ul-
trasonic diagnostic imaging system for real time strain
imaging is provided that includes an ultrasound imaging
probe having an array transducer which acquires ultra-
sound echo signals, an image processor, coupled to the
imaging probe, which produces a first sequence of image
frames in real time, a strain calculator coupled to the im-
age processor which processes image frame data to es-
timate strain during the image frame sequence, a color
mapper which produces a color map from strain values,
a color map warper that is responsive to the color map

and a new sequence of image frames and configured to
warp the color map to an image frame of the new se-
quence to generate a warped color map, and a display
which displays an image frame in combination with the
warped color map.
[0005] The present invention further provides a meth-
od of producing real time ultrasonic strain images, which
includes acquiring frames of echo image data, estimating
tissue displacements between acquired frames from the
echo image data, calculating strain values from the dis-
placements, forming a color map of the strain values,
acquiring additional frames of echo image data, warping
the color map to the additional frames, and displaying
the additional frames in combination with the warped
color map.
[0006] Preferred embodiments are defined in the de-
pendent claims.
[0007] In the drawings:

FIGURE 1 is a block diagram of an ultrasound sys-
tem constructed in accordance with the present in-
vention.
FIGURES 2a - 2d illustrate the motion of points in
the myocardium during the contraction of the heart.
FIGURE 3 illustrates motion of points in the myocar-
dium when observed in a short axis view of the heart.
FIGURE 4 is a flowchart of strain imaging of the heart
in accordance with the present invention.
FIGURE 5 illustrates cross-correlation functions of
the echo data of consecutive images of the heart.
FIGURE 6 graphically illustrates a typical cross-cor-
relation distribution of speckle from a moving heart
in an embodiment of the present invention.

[0008] In accordance with the present invention, an ul-
trasonic diagnostic imaging system is described which
is able to image the heart at a high frame rate and cal-
culate strain over localized areas of the myocardium. For
each pixel on the image, a strain parameter is determined
which is representative of the local strain, and these pixel
values are then mapped spatially to the anatomical im-
age. The strain map is then fitted to the first image of the
next heart cycle and displayed as a parametric color over-
lay over the image frames of the next cycle of heart im-
ages. As the images change with the contraction and
relaxation of the myocardium, the color overlay is warped
to continually fit over each cardiac image. The user is
thus given a real time display of the heart, its spatial strain
variation, and corresponding contractility characteristics.
[0009] The present invention provides ultrasonic diag-
nostic imaging systems for real time strain imaging. The
ultrasound systems include a variety of components,
such as an ultrasound imaging probe. The probe includes
an array transducer which acquires ultrasound echo sig-
nals. The systems further include an image processor.
The image processor is coupled to the imaging probe
and configured to produce a first sequence of image
frames in real time. The systems include a strain calcu-
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lator coupled to the image processor. The strain calcu-
lator is configured to process image frame data to esti-
mate strain during the image frame sequence. The sys-
tems further include a color mapper.
The systems can be configured to include processors,
memory, and other structures that can be programmed
to serve as a color mapper. The color mapper is config-
ured to produce a color map based on the strain values.
The systems further include a color map warper. The
systems can be configured to include processors, mem-
ory, and other structures that can programmed to serve
as a color map warper. The color map warper is respon-
sive to the color map and a new sequence of image
frames and configured to warp the color map to an image
frame of the new sequence, thereby generating a warped
color map. The systems also include a display which dis-
plays an image frame in combination with the warped
color map.
[0010] In some embodiments, the image frames can
include cardiac image frames. The first sequence of im-
age frames can be acquired during a first heart cycle,
and a new sequence of image frames can be acquired
during a subsequent heart cycle. The systems can in-
clude a frame memory, coupled to the image processor,
which stores sequences of image frames.
[0011] In certain embodiments, the systems can in-
clude a displacement estimator. The systems can be con-
figured to include processors, memory, and other struc-
tures that can be programmed to serve as a displacement
estimator and the color mapper. The displacement esti-
mator is responsive to a sequence of image frames to
estimate tissue displacements over the image frame se-
quence. The displacement estimator can include a dis-
placement cross-correlator which estimates displace-
ments by cross-correlating echo data, and a displace-
ment integrator which performs Lagrangian integrated
displacement values.
[0012] In some embodiments, the systems can include
a speckle tracker which identifies tissue displacements.
The systems can be configured to include processors,
memory, and other structures that can be programmed
to operate as the speckle tracker and the color mapper.
In certain embodiments, the systems can be coupled to
an ECG sensor, which senses a patient ECG waveform.
The systems can further include a beamformer, coupled
to the array transducer, which operates to acquire image
frame sequences in relation to the ECG waveform.
[0013] Referring first to FIGURE 1, an ultrasound sys-
tem constructed in accordance with the present invention
is shown in block diagram form. A probe 10 has a trans-
ducer array of elements 12 which scans the region of the
body in front of the array. The array may be a one-dimen-
sional or a two-dimensional array for 2D or 3D scanning.
Typically in cardiology the array transducer is operated
as a phased array. The probe is operated by a beam-
former 20 which controls the timing of transmit pulses
and processes received echo signals. The probe 10 is
coupled to the mainframe ultrasound system by a probe

cable 14 and a transmit/receive switch 16 which protects
sensitive electronics of the beamformer during high volt-
age transmission. The beamformer delays and combines
signals received from the transducer elements to form
coherent echo signals from points in the image field. The
echo signals are coupled to a signal processor 22 which
enhances the signals as by filtering and produces detect-
ed echo signals. The processed echo signals are then
formed into a spatial image of the desired format by an
image processor 24. Successively produced image
frames are stored in a frame memory 30.
[0014] Since it is not possible to determine stress in
the myocardium by ultrasound directly, the force applied
by the heart muscle, the effect of such force is estimated
by measuring strain, the deformation of the heart result-
ing from contractile stress. The strain measurement proc-
ess begins by tracking the motion of the myocardium as
it contracts. Since ultrasound produces coherent signals,
it exhibits a phenomenon known as speckle. So long as
the probe remains stationary, the speckle pattern will per-
sist from one image frame to the next. The detailed speck-
le pattern is tracked by a speckle tracker 32, which there-
by follows small regions of myocardial tissue by following
the change in position of their speckle pattern from one
image frame to the next. Since the echo signal intensity
variation resulting from speckle is at a very low level and
thus susceptible to being masked by noise, the system
of FIGURE 1 estimates displacements of the speckle pat-
tern from one image to the next by cross-correlation. The
echoes of consecutive image frames are cross-correlat-
ed by a displacement cross-correlator 34 to locate the
peak of the cross-correlation function. A typical cross-
correlation function is shown in FIGURE 6. FIGURE 7
illustrates one cross-correlation function 52 from the
cross-correlation of first and second consecutive image
frames, and a second cross-correlation function 54 from
the cross-correlation of the second and the next consec-
utive image frames. As seen there is a lag d between the
peaks of the two functions. This lag d is the displacement
of the tissue in the image sequence from one frame to
the next. Because this lag signal is susceptible to noise,
the displacements over a plurality of consecutive frames
are integrated by a displacement integrator 36. Prefera-
bly Lagrangian integration is used to produce a single
value for each point in the myocardium which is repre-
sentative of the displacements over the plurality of con-
secutive frames. Because the heart motion is cyclic and
hence it will return to its original starting point each heart
cycle (the heart in frame 1 is in the same position as it is
in the last frame N), it is possible to get two independent
estimates for the displacement over the contractile and
relaxation phases. For example, instantaneous displace-
ments are integrated forward in time from frames 1 to M
(denoted by I1-M) and reverse in time from frame N to M
(denoted by IM-N). Note that frame M corresponds to end
systole; this is the phase of the heart cycle at which the
strains should be at a maximum. The integrated displace-
ments are then averaged to create a Lagrangian inte-
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grated composite displacement map: IG = (I1-M + IM-N)/2.
The integrated displacements are then used by a strain
calculator 38 to produce spatial derivatives which are
spatial strain values for each pixel location. A weighted
combination of nominal and shear strain values is used
to create a parametric image. One example of such com-
bination is: (0.5Eyy +0.25Exy +0.25Exx), where Exx is the
strain perpendicular to an A-line, Eyy is strain along the
A-line and Exy is the shear strain extracted from axial
displacements. This is a measure of rotation. These
strain values are then mapped as color values in a two-
dimensional or three-dimensional color map by strain
color mapping 40. The color map spatially corresponds
to the myocardium as it appears in the image frames over
which the strain values were calculated. The color map
could be displayed as a static color map of strain for the
heart cycle over which the strain values were calculated.
[0015] In accordance with the present invention, the
strain color map is stored in the strain color mapping proc-
essor 40 and frames are acquired over a subsequent
heart cycle. Preferably frames of each heart cycle are
acquired at known phases of the heart cycle in relation
to the R-wave of the heart’s ECG signal. As is well known,
physiological electrodes 26 are attached to the patient’s
body during scanning for the production of an ECG wave-
form and image frame acquisition timing can thereby be
based upon the timing of the R-wave of the ECG signal.
When the R-wave of the subsequent heart signal is pro-
duced, it triggers the strain color mapping processor 40
to couple the color map to a color map warper 42. The
color map warper receives an image frame produced dur-
ing the new heart cycle and may optionally also receive
spatial information on the tracked speckle in the new im-
age from the speckle tracker 32. The color map warper
then warps or fits the color map from the previous heart
cycle to the cardiac image of the new heart cycle. With
the color map thus spatially aligned to the myocardium
in the new image frame, the warped color map and the
new image frame are coupled to the display processor,
where the color map is applied as a color overlay over
the image frame. The new image frame and its color over-
lay of the warped color map are then displayed on a dis-
play 50.
[0016] As successive image frames of the new heart
cycle are received they are coupled to the color map
warper 42 and the color map produced during the previ-
ous heart cycle is warped or fit to the myocardium in each
image. The color map of the myocardial strain is thereby
fit within the boundary of the myocardium in each image
of the new heart cycle. Each warped color map is then
displayed as a color overlay superimposed over each
successive cardiac image frame of the new heart cycle.
The real time display of the image frames of the new
heart cycle thus includes the fitted strain color overlay
which thereby displays a dynamic real time image se-
quence of the strain characteristics of the myocardium.
[0017] Optionally, the tracked speckle values of each
new image frame of the new heart cycle can be used by

the color map warper 42 to fit the strain values of the
color map to corresponding speckle locations in each
new image frame. Rather than warping the color map as
a whole, the strain values of the color map are continually
repositioned to match with their changing corresponding
speckle locations in each new image frame.
[0018] At the same time that this display methodology
is ongoing, elements 32-40 of the ultrasound system are
calculating strain values over the new heart cycle so that
a new color map is produced for the new heart cycle. The
new color map is then used as a new warped color overlay
for the following cardiac cycle.
[0019] FIGURE 2 illustrates how individual points of
the myocardium can move during a contraction of the
heart and how this movement manifests itself in ultra-
sound images. FIGURE 2a) shows three points in the
myocardium, MyA, MyB, and MyC, which move during
heart contraction along respective paths A, B and C. After
an initial period of time, the time between successive
image frames in this example, the points in the myocar-
dium have contracted to the positions along paths A, B,
and C as shown in FIGURE 2b). After the next inter-frame
period of time the myocardial points have moved further
to the positions shown in FIGURE 2c). The continual mo-
tion of this movement is now captured by ultrasonic im-
aging, but only the myocardial point locations at the time
an image frame is acquired. Thus, the motion as captured
by ultrasound imaging is a succession of straight-line dis-
placements 60 as shown in FIGURE 2d). This displace-
ment, when depicted in the larger context of myocardial
contraction, would appear as shown in FIGURE 3. This
drawing shows a short axis view of the myocardium in
which the myocardial slice through the heart appears like
a donut. At the starting point of the myocardial points in
FIGURE 2a) these points are arrayed as shown at the
left side of FIGURE 3. After the heart has contracted, the
points have moved inward and are closer together as
shown on the right side of FIGURE 3. In a typical healthy
heart, points of myocardial muscle can be expected to
move 20% closer together over the contractile phase of
the heart. This displacement of each myocardial point is
represented by a single value after Lagrangian integra-
tion and strain calculation in the ultrasound system. The
resulting strain values are then used in the spatially ar-
ranged color map of strain values.
[0020] The present invention provides methods of pro-
ducing real time ultrasonic strain images. The methods
include acquiring frames of echo image data, estimating
tissue displacements between acquired frames from the
echo image data, calculating strain values from the dis-
placements, forming a color map of the strain values,
acquiring additional frames of echo image data, warping
the color map to the additional frames, and displaying
the additional frames in combination with the warped
color map.
[0021] In some aspects, acquiring frames of echo im-
age data can include acquiring image frames of a heart.
Estimating tissue displacements can include performing
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speckle tracking. The speckle tracking can include esti-
mating displacements by cross-correlation, and perform-
ing Lagrangian integration of displacements. In certain
embodiments, the methods can include acquiring a pa-
tient ECG waveform, and acquiring the frames of echo
image data in relating to the timing of the ECG waveform.
[0022] Warping the color map can include fitting the
color map to the boundaries of the myocardium in each
of the additional frames. Warping the color map can in-
clude fitting the color map to the speckle pattern in each
of the additional frames.
[0023] The method of the present invention is depicted
in the flowchart of FIGURE 4. The first step 102 is to
acquire high frame rate echo data. The higher the frame
rate of the image frames, the smaller the displacement
increments of the points in the myocardium (see FIGURE
2d)). Preferably image frames are acquired at a rate of
100 Hz or greater. A higher frame rate will provide im-
proved performance when 2D images are used which
are subject to movement of myocardial points out of the
image plane. The higher frame rate will help assure that
a myocardial point is sampled at least two times before
it leaves the image plane, enabling a strain estimation to
be made for the point. Next, speckle tracking is begun
by estimating displacements of features in the image
frame such as speckle by cross-correlation at 104. In
step 106 Lagrangian integration of the displacements is
performed. In step 106 strain is calculated as the spatial
derivatives of the displacements. The strain values are
then used to form a color map in step 108.
[0024] In step 110 image frames of the next heartbeat
are acquired. The color map is then warped to fit the
myocardium in the image frames of the next heartbeat,
and displayed as a color overlay over the myocardium in
the new image. The warping and overlay process is con-
tinued throughout the next heartbeat while, as the same
time, image frames of the next heartbeat are processed
to form a color map to be used as a warped overlay with
the image frames of the following heart cycle.
[0025] It will be understood that each block of the block
diagram illustrations, and combinations of blocks in the
block diagram illustrations, can be implemented by com-
puter program instructions. The computer program in-
structions may be executed by a processor to cause a
series of operational steps to be performed by the proc-
essor to produce a computer implemented process. The
computer program instructions may also cause at least
some of the operational steps to be performed in parallel.
Moreover, some of the steps may also be performed
across more than one processor, such as might arise in
a multi-processor computer system.
[0026] The computer program instructions can be
stored on any suitable computer-readable hardware me-
dium including, but not limited to, RAM, ROM, EEPROM,
flash memory or other memory technology, CD-ROM,
digital versatile disks (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk stor-
age or other magnetic storage devices, or any other me-

dium which can be used to store the desired information
and which can be accessed by a computing device. Proc-
essors can include hardware such as microprocessors,
field programmable gate arrays (FPGAs), integrated cir-
cuits, or the like.

Claims

1. An ultrasonic diagnostic imaging system for real time
strain imaging comprising:

an ultrasound imaging probe having an array
transducer and being configured to acquire ul-
trasound echo signals;
an image processor, coupled to the imaging
probe, which is configured to produce a first se-
quence of image frames;
a strain calculator coupled to the image proces-
sor and configured to process the image frames
to estimate strain during the first image frame
sequence;
a color mapper configured to produce a color
map based at least in part on strain values gen-
erated by the strain calculator; and
a color map warper that is responsive to the color
map and a new sequence of image frames gen-
erated by the image processor, wherein the
color map warper is configured to warp the color
map to an image frame of the new sequence to
generate a warped color map; and
a display for displaying the image frame of the
new sequence in combination with the warped
color map.

2. The ultrasonic diagnostic imaging system of Claim
1, wherein the image frames comprise cardiac image
frames;
wherein the first sequence of image frames is ac-
quired during a first heart cycle; and
wherein the new sequence of image frames is ac-
quired during a subsequent heart cycle.

3. The ultrasonic diagnostic imaging system of Claim
2, further comprising a displacement estimator re-
sponsive to a sequence of image frames which is
configured to estimate tissue displacements over the
image frame sequence.

4. The ultrasonic diagnostic imaging system of Claim
3, wherein the displacement estimator further com-
prises:

a displacement cross-correlator which is config-
ured to estimate displacements by cross-corre-
lating echo data; and
a displacement integrator which is configured to
perform Lagrangian integration of displacement
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values.

5. The ultrasonic diagnostic imaging system of Claim
4, further comprising a speckle tracker which identi-
fies tissue displacements ; and
wherein preferably the strain calculator is configured
to estimate the strain as the spatial derivatives of the
tissue displacements of the image frames.

6. The ultrasonic diagnostic imaging system of Claim
5, further comprising an ECG sensor, coupled to the
ultrasound system, which senses a patient ECG
waveform.

7. The ultrasonic diagnostic imaging system of Claim
6, further comprising a beamformer, coupled to the
array transducer, which operates to acquire image
frame sequences in relation to the ECG waveform.

8. The ultrasonic diagnostic imaging system of Claim
7, further comprising a frame memory, coupled to
the image processor, which stores sequences of im-
age frames.

9. The ultrasonic diagnostic imaging system of Claim
1, wherein the strain calculator is configured to esti-
mate the strain for each pixel of the image frame as
a representation of a local strain.

10. A method of producing real time ultrasonic strain im-
ages comprising:

acquiring image frames comprising echo image
data;
estimating tissue displacements between ac-
quired frames from the echo image data;
calculating strain values based at least in part
on the tissue displacements;
forming a color map of the strain values;
acquiring additional image frames comprising
echo image data;
warping the color map to the additional frames;
and
displaying the additional frames in combination
with the warped color map.

11. The method of Claim 10, wherein acquiring frames
of echo image data comprises acquiring image
frames of a heart.

12. The method of Claim 11, wherein estimating tissue
displacements further comprises performing speck-
le tracking, and
wherein preferably speckle tracking further compris-
es:

estimating displacements by cross-correlation;
and

performing Lagrangian integration of displace-
ments.

13. The method of Claim 12, further comprising:

acquiring a patient ECG waveform; and
acquiring the frames of echo image data in re-
lating to the timing of the ECG waveform.

14. The method of Claim 13, wherein warping the color
map further comprises:

- fitting the color map to the boundaries of the
myocardium in each of the additional frames; or
- fitting the color map to the speckle pattern in
each of the additional frames.

15. The method of Claim 10, wherein the image frames
comprise cardiac image frames, and wherein the ad-
ditional frames in combination with the warped color
map are displayed as a dynamic real time image
sequence of the strain characteristics.

Patentansprüche

1. Ultraschallsystem zur diagnostischen Bildgebung
zur Echtzeitbildgebung der Verformung (engl.
strain), umfassend:

eine Ultraschallbildgebungssonde, die einen Ar-
raywandler aufweist und dafür eingerichtet ist,
Ultraschallechosignale zu erfassen;
einen Bildprozessor, der mit der Bildgebungs-
sonde gekoppelt ist und dafür eingerichtet ist,
eine erste Sequenz von Einzelbildern zu erzeu-
gen;
einen Verformungsrechner, der mit dem Bild-
prozessor gekoppelt ist und dafür eingerichtet
ist, die Einzelbilder zu verarbeiten, um eine Ver-
formung während der ersten Einzelbildsequenz
zu schätzen;
einen Farbkarteneinheit, die dafür eingerichtet
ist, zumindest teilweise basierend auf durch den
Verformungsrechner erzeugten Verformungs-
werten eine Farbkarte zu erstellen; und
einen Farbkartenverzerrer, der auf die Farbkar-
te und eine durch den Bildprozessor erzeugte
neue Sequenz von Einzelbildern reagiert, wobei
der Farbkartenverzerrer dafür eingerichtet ist,
die Farbkarte zu einem Einzelbild der neuen Se-
quenz zu verzerren, um eine verzerrte Farbkarte
zu erzeugen; und
eine Anzeige zum Anzeigen des Einzelbilds der
neuen Sequenz in Kombination mit der verzerr-
ten Farbkarte.

2. Ultraschallsystem zur diagnostischen Bildgebung
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nach Anspruch 1, wobei die Einzelbilder kardiale
Einzelbilder umfassen;
wobei die erste Sequenz von Einzelbildern während
eines ersten Herzzyklus erfasst wird; und
wobei die neue Sequenz von Einzelbildern während
eines nachfolgenden Herzzyklus erfasst wird.

3. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 2, ferner umfassend eine Verschie-
bungsschätzeinheit, die auf eine Sequenz von Ein-
zelbildern reagiert und die dafür eingerichtet ist, Ge-
webeverschiebungen über die Einzelbildsequenz zu
schätzen.

4. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 3, wobei die Verschiebungsschät-
zeinheit ferner Folgendes umfasst:

einen Verschiebungskreuzkorrelator, der dafür
eingerichtet ist, die Verschiebungen zu schät-
zen, indem er eine Kreuzkorrelation der Echo-
daten herstellt; und
einen Verschiebungsintegrator, der dafür einge-
richtet ist, eine Lagrange-Integration der Ver-
schiebungswerte durchzuführen.

5. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 4, ferner umfassend einen Speckle-
Verfolger, der Gewebeverschiebungen identifiziert;
und
wobei vorzugsweise der Verformungsrechner dafür
eingerichtet ist, die Verformung als die räumlichen
Ableitungen der Gewebeverschiebungen der Ein-
zelbilder zu schätzen.

6. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 5, ferner umfassend einen EKG-
Sensor, der mit dem Ultraschallsystem gekoppelt ist
und der eine Patienten-EKG-Wellenform erfasst.

7. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 6, ferner umfassend einen Strahlfor-
mer, der mit dem Arraywandler gekoppelt ist und der
arbeitet, um Einzelbildsequenzen in Zusammen-
hang mit der EKG-Wellenform zu erfassen.

8. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 7, ferner umfassend einen Einzel-
bildspeicher, der mit dem Bildprozessor gekoppelt
ist und der Sequenzen von Einzelbildern speichert.

9. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 1, wobei der Verformungsrechner
dafür eingerichtet ist, die Verformung von jedem Pi-
xel des Einzelbilds als eine Darstellung einer lokalen
Verformung zu schätzen.

10. Verfahren zum Erzeugen von Echtzeit-Ultraschall-

bildern der Verformung, umfassend:

Erfassen von Einzelbildern, die Echobildsignale
umfassen;
Schätzen von Gewebeverschiebungen zwi-
schen erfassten Einzelbildern anhand der Echo-
bilddaten;
Berechnen von Verformungswerten zumindest
teilweise basierend auf den Gewebeverschie-
bungen;
Bilden einer Farbkarte der Verformungswerte;
Erfassen zusätzlicher Einzelbilder umfassend
Echobilddaten;
Verzerren der Farbkarte zu den zusätzlichen
Einzelbildern; und
Anzeigen der zusätzlichen Einzelbilder in Kom-
bination mit der verzerrten Farbkarte.

11. Verfahren nach Anspruch 10, wobei das Erfassen
von Einzelbildern von Echobilddaten das Erfassen
von Einzelbildern eines Herzens umfasst.

12. Verfahren nach Anspruch 11, wobei das Schätzen
von Gewebeverschiebungen ferner das Durchfüh-
ren von Speckle-Verfolgung umfasst, und
wobei vorzugsweise die Speckle-Verfolgung ferner
Folgendes umfasst:

Schätzen von Verschiebungen durch Kreuzkor-
relation; und
Durchführen einer Lagrange-Integration von
Verschiebungen.

13. Verfahren nach Anspruch 12, ferner umfassend:

Erfassen einer Patienten-EKG-Wellenform; und
Erfassen der Einzelbilder von Echobilddaten in
Zusammenhang mit dem Timing der EKG-Wel-
lenform.

14. Verfahren nach Anspruch 13, wobei das Verzerren
der Farbkarte ferner Folgendes umfasst:

- Anpassen der Farbkarte an die Ränder des
Myokards in jedem der zusätzlichen Einzelbil-
der; oder
- Anpassen der Farbkarte an das Speckle-Mus-
ter in jedem der zusätzlichen Einzelbilder.

15. Verfahren nach Anspruch 10, wobei die Einzelbilder
kardiale Einzelbilder umfassen, und wobei die zu-
sätzlichen Einzelbilder in Kombination mit der ver-
zerrten Farbkarte als eine dynamische Echtzeit-Bild-
sequenz der Verformungseigenschaften angezeigt
werden.
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Revendications

1. Système d’imagerie de diagnostic ultrasonore pour
une imagerie élastographique en temps réel
comprenant :

une sonde d’imagerie ultrasonore ayant un
transducteur matriciel et configurée pour acqué-
rir des signaux d’écho ultrasonores ;
un processeur d’images couplé à la sonde
d’imagerie et qui est configuré pour produire une
première séquence de trames d’images ;
un calculateur d’élastographie couplé au pro-
cesseur d’images et configuré pour traiter les
trames d’images afin d’estimer l’élastographie
au cours de la première séquence de trames
d’images ;
un mappeur de couleurs configuré pour produire
une carte de couleurs sur la base au moins en
partie de valeurs élastographiques générées
par le calculateur d’élastographie ; et
un dispositif de distorsion de carte de couleurs
qui est sensible à la carte de couleurs et à une
nouvelle séquence de trames d’images géné-
rées par le processeur d’images, dans lequel le
dispositif de distorsion de carte de couleurs est
configuré pour distordre la carte de couleurs en
une trame d’image de la nouvelle séquence pour
générer une carte de couleurs distordue ; et

un appareil d’affichage pour afficher la trame d’ima-
ge de la nouvelle séquence en combinaison avec la
carte de couleurs distordue.

2. Système d’imagerie de diagnostic ultrasonore selon
la revendication 1, dans lequel les trames d’images
comprennent des trames d’images cardiaques ;
dans lequel la première séquence de trames d’ima-
ges est acquise au cours d’un premier cycle
cardiaque ; et
dans lequel la nouvelle séquence de trames d’ima-
ges est acquise au cours d’un cycle cardiaque ulté-
rieur.

3. Système d’imagerie de diagnostic ultrasonore selon
la revendication 2, comprenant en outre un estima-
teur de déplacement sensible à une séquence de
trames d’images qui est configurée pour estimer des
déplacements tissulaires sur la séquence de trames
d’images.

4. Système d’imagerie de diagnostic ultrasonore selon
la revendication 3, dans lequel l’estimateur de dé-
placement comprend en outre :

un corrélateur croisé de déplacement qui est
configuré pour estimer les déplacements par
corrélation croisée de données d’écho ; et

un intégrateur de déplacement qui est configuré
pour effectuer une intégration de Lagrange de
valeurs de déplacement.

5. Système d’imagerie de diagnostic ultrasonore selon
la revendication 4, comprenant en outre un suiveur
de granularité qui identifie des déplacements tissu-
laires et
dans lequel, de préférence, le calculateur d’élasto-
graphie est configuré pour estimer l’élastographie
en tant que dérivés spatiaux des déplacements tis-
sulaires des trames d’images.

6. Système d’imagerie de diagnostic ultrasonore selon
la revendication 5, comprenant en outre un capteur
ECG couplé au système ultrasonore et qui détecte
une forme d’onde ECG de patient.

7. Système d’imagerie de diagnostic ultrasonore selon
la revendication 6, comprenant en outre un forma-
teur de faisceau couplé au transducteur matriciel et
qui opère pour acquérir des séquences de trames
d’images en rapport avec la forme d’onde ECG.

8. Système d’imagerie de diagnostic ultrasonore selon
la revendication 7, comprenant en outre une mémoi-
re de trames couplée au processeur d’images et qui
stocke des séquences de trames d’images.

9. Système d’imagerie de diagnostic ultrasonique se-
lon la revendication 1, dans lequel le calculateur
d’élastographie est configuré pour estimer l’élasto-
graphie pour chaque pixel de la trame d’image en
tant que représentation d’une élastographie locale.

10. Procédé de production d’images élastographiques
ultrasonores en temps réel comprenant :

l’acquisition de trames d’images comprenant
des données d’images d’écho ;
l’estimation de déplacements tissulaires entre
des trames acquises à partir des données d’ima-
ges d’écho ;
le calcul de valeurs élastographiques sur la base
au moins en partie des déplacements
tissulaires ;
la formation d’une carte de couleurs des valeurs
élastographiques ;
l’acquisition de trames d’images supplémentai-
res comprenant des données d’images d’écho ;
la distorsion de la carte de couleurs en trames
supplémentaires ; et
l’affichage des trames supplémentaires en com-
binaison avec la carte de couleurs distordue.

11. Procédé selon la revendication 10, dans lequel l’ac-
quisition de trames de données d’images d’écho
comprend l’acquisition de trames d’images d’un
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coeur.

12. Procédé selon la revendication 11, dans lequel l’es-
timation de déplacements tissulaires comprend en
outre le suivi de granularité et
dans lequel, de préférence, le suivi de granularité
comprend en outre :

l’estimation de déplacements par corrélations
croisées ; et
la réalisation d’une intégration de déplacements
de Lagrange.

13. Procédé selon la revendication 12, comprenant en
outre :

l’acquisition d’une forme d’onde ECG de
patient ; et
l’acquisition des trames de données d’images
d’écho en rapport avec la synchronisation de la
forme d’onde ECG.

14. Procédé selon la revendication 13, dans lequel la
distorsion de la carte de couleurs comprend en
outre :

- l’adaptation de la carte de couleurs aux limites
du myocarde dans chacune des trames
supplémentaires ; ou
- l’adaptation de la carte de couleurs au motif de
granularité dans chacune des trames supplé-
mentaires.

15. Procédé selon la revendication 10, dans lequel les
trames d’images comprennent des trames d’images
cardiaques et dans lequel les trames supplémentai-
res en combinaison avec la carte de couleurs distor-
due sont affichées sous la forme d’une séquence
d’images dynamiques en temps réel des caractéris-
tiques élastographiques.
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