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Description

[0001] This invention relates to ultrasonic diagnostic
imaging systems and, in particular, to the use of ultra-
sonic imaging to diagnose electrical stimulation of the
heart.

[0002] Ideally the heart should pump blood with max-
imum efficiency. One characteristic of a healthy heart is
the uniform manner in which the heart muscle is stimu-
lated to contract, referred to as electromechanical trans-
duction. The heart is commanded to contract by electro-
chemical signals passed by sodium and potassium chan-
nels in the muscle cells of the myocardium. These sig-
nals, dispersed as they are over the entire heart muscle,
should command the heart muscle cells to contract at
the same instant in time. When this happens the heart
contracts from a relaxed, full volume to a contracted min-
imal volume, thereby pumping a maximal volume of blood
with each heartbeat. This is a characteristic of a healthy
heart. However, when the signals that stimulate this con-
traction cause different regions of the heart to contract
at different times, the erratic contraction will pump less
than the maximal volume of blood, producing reduced
efficiency and taxing the heart over time. Thus it is de-
sirable to be able to diagnose this condition so that the
necessary treatment regime, generally the implantation
of a pacemaker which forces synchronous contractions,
can be performed if needed. This diagnosis and its treat-
ment is referred to as cardiac resynchronization therapy,
or CRT.

[0003] Several ultrasound techniques have been pro-
posed for CRT. All ofthe ultrasound techniques detectthe
electrical stimulation of the heart indirectly, that is, by
observing the motion of the heart resulting from the stim-
ulation. In one technique the motion of the heart wall at
differentlocations is plotted over time, referred to as seg-
mental sub-volumetric analysis. When the heart is being
stimulated synchronously the graphical plots will appear
to be symmetrical. But when a region of the heartis being
stimulated later than the rest or not at all, the graphical
plot from that region will be different from the others and
visually distinguishable. In another approach ultrasonic
tissue Dopplerimaging is used to depict the heart motion
in color. When the colors change nonuniformly a problem
with electromechanical transduction can be inferred. This
information can be presented by a parametric image
which depicts regions moving in one fashion in one color
and regions with dissimilar motion in another color. In yet
another approach Doppler is used to depict vectors over
the heart which indicate local wall motion. In a healthy
heart the vectors will act and change in synchronism. US
20020072671 A1 suggests computing a tissue Doppler
image line along the endocardium or myocardium at lo-
cations defined by the automatically drawn border. The
lines of Doppler values for all of the images are displayed
in straight vertical lines. However these techniques
present heart motion in abstract ways that often are not
intuitive to the clinician. In part this is because both time-

10

15

20

25

30

35

40

45

50

55

motion and space need to be illustrated together. Accord-
ingly it is desirable to provide an ultrasound technique
for the diagnosis of heart motion synchronicity which is
simple to use and intuitively understandable for the cli-
nician.

[0004] Inaccordance with the principles of the present
invention, an ultrasonic diagnostic apparatus and tech-
nique are provided for diagnosing the timing of stimula-
tion of the heart muscle which is adaptable for cardiac
resynchronization therapy. In the inventive method ultra-
sonic images of the heart are acquired over the heart
cycle and the heart wall identified in at least one of the
images. A series of lines are drawn across a chamber of
the heart, referenced to points spaced along opposite
sides of the heart. The reference points are tracked
through the heart cycle and the lines displayed between
the tracked points will move with the contraction and ex-
pansion of the heart. As the lines move over time, their
positions are retained in the image and the buildup of
depicted successive locations illustrate wall motion over
the heart cycle. The line patterns are compared for uni-
formity to detect abnormal wall motion which may be due
to asynchronous stimulation of the heart muscle.
[0005] In accordance with a further aspect of the
present invention the tracked points are initially located
on an automated heart wall tracing, then tracked from
the speckle patterns of adjacent heart tissue. The points
can also be tracked by following the movement of ana-
tomical features or texture. In accordance with yet an-
other aspect of the present invention the tracking of
speckle patterns is done with respect to pre-scan con-
verted ultrasound data.

[0006] In accordance with yet another aspect of the
present invention the tracked points and lines can be
drawn in various patterns and orientations such as an
intersecting pattern crossing a short axis view of the heart
or a generally orthogonal pattern of several sets of lines.
The technique is applicable to different heart chambers
including the left and right ventricles, and can be used
with reference to both the endo- and epi-cardial borders.
[0007] In the drawings:

FIGURE 1 illustrates in block diagram form an ultra-
sonic diagnostic imaging system constructed in ac-
cordance with the principles of the presentinvention.
FIGURE 2 is an ultrasound image of the left ventricle
in which the changing locations of the mitral valve
plane are depicted in gradated color shadings.
FIGURES 3 illustrates an end systole image with the
endocardial border drawn automatically.

FIGURE 4 illustrates a plurality of color kinesis bands
between pairs of reference points on opposite sides
of the left ventricle in accordance with the principles
of the present invention.

FIGURE 5illustrates in block diagram form a portion
of the ultrasound system of FIGURE 1 constructed
in accordance with the principles of the present in-
vention.
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FIGURE 6 is an example of an ultrasound image
produced in accordance with the present invention
and depicting abnormal wall motion.

FIGURE 7 is an example of an ultrasound image
produced in accordance with the present invention
showing color kinesis bands across both the left and
right ventricles.

FIGURE 8 is an example of an ultrasound image
produced in accordance with the present invention
showing color kinesis bands extending across a
transverse (short axis) image of a heart chamber.
FIGURE 9 is an example of an ultrasound image
produced in accordance with the present invention
showing color kinesis bands along and between the
endocardial wall and the epicardial wall.

FIGURE 10 is an example of an ultrasound image
produced in accordance with the present invention
showing lines drawn in orthogonal directions be-
tween pairs of heart chamber wall reference points.

[0008] Referring now to FIGURE 1, a firstembodiment
of an ultrasonic diagnostic imaging system constructed
in accordance with the principles of the present invention
is shown in block diagram form. A probe or scanhead
410 which includes a one dimensional (1D) or two dimen-
sional (2D) array 412 of transducer elements transmits
ultrasonic waves and received ultrasonic echo signals.
This transmission and reception is performed under con-
trol of a beamformer 420 which processes received echo
signals to form coherent beams of echo signals from the
anatomy being scanned. The echo information is Doppler
processed by a Doppler processor 430 when Doppler
information is to be presented, and the processed Dop-
pler information is coupled to an image processor 440
which forms 2D or 3D Doppler images. For B mode im-
aging of tissue structure the echo signals are image proc-
essed by amplitude detection and scan converted into
the desired image format for display. The images pass
through a Cineloop memory 460 from which they may be
coupled directly to a video processor 470 for display on
an image display 480. The images may also be applied
to an automatic border detection (ABD) processor 490
which operates on the 2D or 3D images to define the
anatomical borders and boundaries in the images as de-
scribed below. The defined borders are overlaid on the
images which are coupled to the video processor 470 for
display. The system may operate to define and display
borders on loops of images saved in the Cineloop mem-
ory 460, or to display borders drawn on real time images
produced during live scanning of a patient.

[0009] The ultrasound system of FIGURE 1 can be
used to produce static or live images depicting mitral an-
nular motion as shown in FIGURE 2, which is an image
taken from a constructed embodiment of the present in-
vention. Those skilled in the art will recognize the four
chamber apical grayscale ultrasound image of a heart in
the center of FIGURE 2 which shows all four chambers
of the heart in cross-section in this two dimensional im-
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age. To the right of the ultrasound image is the standard
grayscale bar 7 for the image showing the range of shad-
ing used in the image. This image is acquired by a probe
410 placed below the patient’s ribs and directed upward
toward the apex of the heart. The reference number 9 in
FIGURE 2 marks the center of the LV with its apex 6 at
the top of the ultrasound image. At the opposite side of
the LV is the mitral valve. When the LV of a healthy heart
contracts during the systolic phase of the heart cycle the
myocardial walls of the LV all move smoothly and uni-
formly toward the center of the LV, including the side of
the heart where the mitral valve is located. Thus, by this
contractive action the mitral valve moves upward in the
image toward the apex 6. During diastole the mitral valve
moves back to its starting location as the heart muscle
relaxes. Document W0O2006024970 entitled "ULTRA-
SONIC DIAGNOSIS OF ISCHEMIC CARDIODISEASE"
describes an ultrasonic diagnostic technique in which the
location of the mitral valve is tracked and depicted on the
ultrasound image during the systolic phase, the diastolic
phase, or both. In conventional practice physicians ex-
amine both the systolic contraction and diastolic relaxa-
tion of the heart with spectral Doppler to analyze motion
of the mitral annulus, the ring of leaflet attachment in the
left ventricle (LV). This analysis can be used to estimate
the timing and overall motion of the LV during contraction
as well as understanding the nature of constrictive and
restrictive diseases of the myocardium. For example, late
contraction of the LV lateral wall results in delayed ex-
cursion of the mitral annulus on that side. The diagnostic
technique of the '486 application describes apparatus
and a method for detecting and quantifying these mo-
tional aberrations of a diseased heart. The application
describes the tracking of mitral annular motion for para-
metric display of mitral annular motion; use of this track-
ing information to map Doppler motion onto the paramet-
ric display; and to quantify both the timing and degree of
excursion of mitral annular motion. In practice of the tech-
nique a sequence ofimages acquired duringa heartcycle
are analyzed to detect the mitral valve annulus as de-
scribed below or by other known techniques. Preferably
the position of the mitral annulus is detected rather than
the valve leaflets to provide a more stable motional ref-
erence. The mitral valve location is graphically marked
on an image as by a distinctive line or color stripe. This
process is repeated for the next and all successive im-
ages in the sequence. Furthermore, the lines or stripes
are accumulated so that each new image retains the lines
or stripes identified in the previous images in the se-
quence and in the same locations in relation to a static
reference in which they were detected. As the sequence
progresses the lines or stripes build up, depicting the
path of successive positions of the mitral valve during
the sequence of contraction or expansion. A build-up 5
of such color stripes is shown in FIGURE 2. In the actual
color image from which FIGURE 2 is reproduced the
build-up of stripes changes hue from orange to yellow to
green, in correspondence with the color bar 8 at the top
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of the display. The variations in hues or shadings of the
color bar can be based upon various quantification met-
rics. For example, the mitral valve location of each suc-
cessive image can be assigned a successive different
hue or shade. Thus, each image frame in the sequence
uses a successively different hue or shade. Alternatively,
each successive hue or shade can correspond to a par-
ticular increment of motion such as 0.XX mm. In this em-
bodiment a wide range of colors indicates a large range
of motion as the spread of the line or strip build-up shows.
As a third alternative, each successive hue or color can
represent an increment in time during the heart cycle.
Such a gradation can be synchronized to the frame ac-
quisition times, for instance.

[0010] Each time the predetermined heart phase or
phases have completed and the mitral valve motion 5
depicted for that heart cycle interval has been fully de-
picted, the build-up of lines or stripes is deleted until the
predetermined phase starts again during a successive
heart cycle. If the user decides to depict the mitral valve
motion during systole the first line or stripe will be drawn
at a lower position on the display and continually move
upward as the heart contracts and the mitral valve moves
toward the apex of the heart. If the user decides to depict
mitral valve motion during diastole the lines or stripes will
begin at a higher position on the display and progres-
sively build up toward the bottom of the screen as the
heart muscle relaxes and the mitral valve location moves
away from the apex. If both heart phases are chosen the
build-up of colors or shades will alternately move upward
and then downward on the screen.

[0011] Several techniques for detecting the location of
the mitral valve in a heart image, a fully automated tech-
nique and an assisted automated technique, are de-
scribed in the '486 application. In the automated tech-
nique the ABD processor 490 first locates two key land-
marks in the image, the medial mitral annulus (MMA) and
the lateral mitral annulus (LMA). This is done by doing a
search of areas in the vicinity of the mitral valve plane,
comparing areas or volumes of pixels with a template
resembling the shapes of the LV where the mitral valve
is attached to the septal and lateral walls of the LV. Filter
templates defining the anticipated shapes of the MMA
and LMA are cross-correlated to the pixels in the MMA
and LMA search areas. When this template matching
identifies the MMA and LMA in the image a line is drawn
connecting the two identified points as illustrated by the
line 5 in the image 78 of FIGURE 3. The line 5 is colored
or shaded in accordance with the gradation of a color bar
for the image as previously described.

[0012] This process may be continued to identify, not
only the mitral valve plane, but the complete endocardial
border. The septal and lateral walls of the LV are identi-
fied by analyzing the transition in grayscale between the
heart chamber and the endocardium and the angles of
these walls is estimated. A line bisecting the wall angles
is calculated and the apex of the LV is estimated on the
bisecting line where a pixel intensity change indicates
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the endocardial wall at the apex. The apex is identified
as the point along a line of pixels where the maximum
positive brightness gradient from the LV chamber (where
there are substantially no specular reflectors) to the heart
wall (where many reflectors are located) is found. Once
these three majorlandmarks ofthe LV have beenlocated,
the MMA, the LMA and the apex, one of a number of
predetermined standard shapes for the LV is fitted to the
three landmarks and the endocardial wall. When the
shape has been fitted to points along the heart wall, the
border tracing is smoothed and displayed over the image
with a number of control or reference points located along
the tracing. These reference points are shown as X’s in
the image 78 of FIGURE 3, which also shows small
squares at the MMA, LMA and apex of the traced endo-
cardial border. The user can adjust the border manually
if desired by "grabbing" a reference point with a display
pointing tool such as a computer mouse or trackball and
dragging the reference point to the desired location. The
ABD processor 490 will then recalculate the local border
segments to fit the border tracing to the newly located
reference point. The technique may be repeated for other
images taken during the same heart cycle, which is fur-
ther aided by using the border tracing of the previous
image to quickly find the border of a current image. The
technique is applicable to both the endocardial and epi-
cardial borders of the heart. Further details of this border
tracing technique may be found in US Pat. 6,491,636
(Chenal et al.)

[0013] Inaccordance with the principles of the present
invention the mitral valve color kinesis technique shown
in FIGURE 2 is extended to simultaneously illustrate mo-
tional effects at a plurality of regions of the heart, enabling
the clinician to effectively diagnose possible cardiac syn-
chronization problems over the heart chamber. FIGURE
4 illustrates an image 76 produced in accordance with
the present invention. In this example three lines 10, 12,
and 14 are shown extending across the LV 9 of the image.
These lines are connected between reference point pairs
11, 13, 15 located on opposite sides of the LV. The ref-
erence points are located on the same locations of the
endocardium or myocardium through the heart cycle and
the lines 10, 12, and 14 between them are continually
drawn and accumulated in changing shades or colors as
described for the mitral valve above. Thelinesin FIGURE
4 connect the reference point pairs 11, 13, 15 as they
are shown at the instant of the image 76, which is sub-
sequent to an end diastole starting point as shown by
time marker 16 on the ECG trace 18 at the bottom of the
image. Thus, the accumulated bands of color kinesis 20
show the progression of positions of the lines 10, 12, 14
over the heart cycle from end diastole to the later time of
image 76. If the walls of the heart are moving in synchro-
nism the color kinesis bands 20 should be relatively sym-
metrical trapezoids. In this image it is seen that the two
lower bands are approximately symmetrical but that the
upper band between reference points 15 is asymmetrical
with lesser movement at the lateral wall on the right side
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of the image. The clinician my therefore want to conduct
more detailed diagnosis of this region of the heart.
[0014] An ultrasound system constructed to produce
images such as that of FIGURE 4 is shown in FIGURE
5, which is a detailed block diagram of the portion of the
ultrasound system between the image processor 440 and
the video processor 470 of FIGURE 1. The image proc-
essor 440 produces scanline data of an image which is
stored in image data memory 140. A first, starting point
image is analyzed by border detection of a heart chamber
by an ABD processor 144 as described above and the
lines 10, 12, and 14 drawn over the mitral valve plane as
described above and between pairs of control or refer-
ence points. The illustrated reference points 11, 13, 15
andlines 10, 12, 14 are produced by a graphics processor
148 for overlay over a planar or volumetric image. The
image with its graphic overlay are converted to the de-
sired display format by a scan converter 50 and stored
in a Cineloop memory 460. The image such as the one
shown in FIGURE 4 is then coupled to the video proces-
sor 470 for display.

[0015] Thelines 10, 12, 14 for successive images can
be drawn between the control or reference points on the
borders of the successive images. However, in a con-
structed embodiment, the lines of successive images are
drawn between points 11, 13, 15 located on successive
images by tracking the starting anatomical positions by
the speckle pattern produced by the local tissue. The
locations of the reference points 11, 13, 15 in the initial
image (e.g., end diastole image) are coupled from the
ABD processor 144 to a speckle tracker 142, which iden-
tifies regions of pixels around the reference points in the
adjacent myocardium. The speckle patterns of these pix-
els is saved and compared with speckle patterns in the
same regions of the successive images and the speckle
patterns matched by block matching. The difficulty and
precision of the matching is determined by setting a cor-
relation coefficient for the matching. The reference point
locations in the images are thus tracked from image to
image by following the speckle patterns around the
points. When the speckle tracker 142 locates the refer-
ence points 11, 13, 15in a new image the reference point
locations are coupled to the graphics processor 148, the
colorlines produced and accumulated with the previously
determined lines and a graphic overlay produced for the
new image. The new image and its graphic overlay are
scan converted and displayed on an image display which
will produce an image such as image 76 of FIGURE 4.
The clinician can use the displayed motional information
to identify problems of cardiac motion and synchronicity.
[0016] Instead of tracking the speckle pattern of the
myocardial tissue surrounding, underlying, or adjacent
to the reference points, it may be appreciated that the
reference pointlocations may be tracked by means other
than speckle tracking, that is, by tracking image charac-
teristics which are greater than a wavelength in size. For
instance, the movement of specific anatomical features
may be tracked. As another example, tissue texture may
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be tracked. It will also be appreciated that the targeted
characteristics may be tracked in either pre-scan con-
verted or post-scan converted image data.

[0017] FIGURE 6 illustrates another image 74 pro-
duced in accordance with the principles of the present
invention. In this example the clinician has elected to use
ten pairs of reference points, which is done by selecting
ten pairs from the control panel 150 of the ultrasound
system in FIGURE 5. This reference point data is stored
at 146 and applied to the ABD processor 144 and speckle
tracker 142, which set the number of pairs of reference
points in the initial image and track the points through
subsequent images. The reference points are by default
distributed at uniformly spaced distances along the heart
border, but the positions can also be adjusted manually
by the clinician by pointing and dragging as discussed
above. The example of FIGURE 6 illustrates abnormal
wall motion and possible synchronization problems. The
color kinesis band 22 near the apex of the heart is seen
to have very little height on the right side, resulting from
little motion of the lateral wall of the heart at that location.
The color kinesis band 24 near the mitral valve is seen
to have only a very slight excursion at the septal wall on
the left side of the heart chamber. This heart may thus
be a candidate for more extensive diagnosis and analy-
sis.

[0018] The diagnostic tools of the present invention
can be used for other chambers of the heart such as the
right ventricle (RV) 3 as illustrated in the example of FIG-
URE 7. In this example the color kinesis bands 20 reveal
greater lateral motion of the RV as compared to the mo-
tion of the septum 4.

[0019] The diagnostictools of the presentinvention are
applicable to transverse views of the heart in addition to
the previously illustrated longitudinal views. FIGURE 8
is a transverse view across the left ventricle 9 with the
reference points 11 dispersed around the perimeter of
the heart chamber. The lines 10 are drawn between pairs
of points 11 as the locations of the points are followed
by speckle tracking over the heart cycle. The positions
of the lines 10 are accumulated as color kinesis bands
20. The positions of the bands with reference to the lines,
such as band 26 with respect to line 27 between points
25, show a twisting motion of the heart. Since the heart
is approximately a helically wound bundle of muscle fib-
ers, there is a distinct twist to its motion as it beats, which
is revealed in the example of FIGURE 8.

[0020] FIGURE 9 is an example of an image of the
present invention in which reference points 11 are locat-
ed along the endocardium and reference points 19 are
located along the epicardium in the same transverse im-
age of the heart. Lines 30 are drawn and their changing
positions represented in color kinesis bands 30 along the
endocardial and epicardial borders in the image. In ad-
dition, lines 32 are drawn across the myocardium and
tracked as bands 42 in the image. Thus, the motion of
several parts of the heart anatomy is tracked in different
directions at the same time.
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[0021] FIGURE 10 is another example of the tracking
of motion in different directions in the same image. In this
example lines 60 are drawn in approximately parallel ori-
entations between one set of reference points 61 and
another group of lines 64 are drawn between reference
points 65. Motion of the myocardium in approximately
orthogonal directions is thus depicted in the same image.
[0022] It will also be apparent to those skilled in the art
that quantified numerical measures or representations
of the excursions of lines between reference points can
be derived from the color coding or spacing of the suc-
cessive line locations. Both heart wall positions and rates
of change in position (derivatives of positional change or
velocity) can be displayed to assist in the diagnosis. The
presentation of color kinesis bands at different locations
across the chamber enables the clinician to make com-
parative diagnoses of the motion at different locations in
the chamber. It will be appreciated that the techniques
of the present invention are also applicable to three di-
mensional images, in which the lines can appear as sur-
faces and the color kinesis bands as 3D regions of color-
depicted locational change. In order to enable the clini-
cian to see both the anatomy and the motion of the ref-
erence points, the volumes formed by the accumulation
of surfaces during the heart cycle may be display semi-
transparently so that the clinician can visualize anatomy
behind the colored volumes.

[0023] It will be appreciated that, instead of or in addi-
tion to showing the motion of the heart wall in a color or
shaded representation, the motion may also be indicated
in a quantified form. Motion may be indicated numerically
in distance or velocity units and the direction (vector) of
the motion may be displayed.

[0024] Variations of the examples described above are
also within the scope of the present invention. For in-
stance, instead of identifying the starting locations of the
reference points through automated or semi-automated
border detection, the points can be placed manually on
the starting image by the clinician using a pointing device
such as a computer mouse or trackball. The selected
tracking method (speckle, feature, texture or other) may
then be used to track the locations of the manually placed
reference points through the sequence of images.

Claims

1. A method for depicting the functioning of the heart
from a sequence of images acquired during a phase
of a heart cycle comprising:

acquiring a sequence ofimages of the heart dur-
ing a selected phase or phases of the heart cy-
cle;

identifying in a heart image the locations of ref-
erence points on opposite sides of a chamber
of the heart;

tracking positions of the reference points during
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10.

the selected phase or phases of the heart cycle;
producing at least one line across the chamber
of the heart, wherein said line is referenced to a
pair of the identified points spaced along oppo-
site sides;

characterized in that
the method further comprises

accumulating positional changes of the line dur-
ing the selected phase or phases of the heart
cycle, based on the tracked changes in the po-
sitions of the referenced points;

and

displaying the accumulated changes of the po-
sitions of the lines during the selected phase or
phases of the heart cycle.

The method of Claim 1, wherein displaying further
comprises displaying the accumulated changes of
the positions of the lines in different colors.

The method of Claim 2, wherein acquiring comprises
acquiring a sequence of three dimensional images
of the heart,

wherein the lines comprise surfaces.

The method of Claim 1, wherein tracking further com-
prises tracking the reference points during the se-
lected phase or phases of the heart cycle by speckle
tracking.

The method of Claim 4, wherein speckle tracking
further comprises tracking the speckle pattern of my-
ocardial tissue located in the vicinity of the reference
points from one image to another.

The method of Claim 5, wherein identifying compris-
es identifying the locations of reference points on an
identified border of the chamber of the heart.

The method of Claim 6, wherein identifying further
comprises identifying the border of the chamber of
the heart by automated border detection.

The method of Claim 1, wherein tracking further com-
prises tracking the reference points during the se-
lected phase or phases of the heart cycle by auto-
mated border detection of successive heart images.

The method of Claim 1, wherein tracking further com-
prises tracking the reference points during the se-
lected phase or phases of the heart cycle by feature
tracking.

The method of Claim 1, wherein tracking further com-
prises tracking the reference points during the se-
lected phase or phases of the heart cycle by texture
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tracking.

The method of Claim 1, wherein displaying compris-
es displaying the motion of the reference points
quantitatively.

An ultrasonic diagnosticimaging system for diagnos-
ing the synchronicity of cardiac motion comprising:

an ultrasound probe (410);

an image processor (440);

a border detector operable to identify points on
opposite sides of a heart chamber in an ultra-
sound image;

a speckle tracker (142) operable to track the
changes in the positions of the points during at
least a portion of a cardiac cycle;

a display processor; and

a graphics processor (148) arranged to produce
atleastone line across the chamber of the heart,
said line being referenced to a pair of the iden-
tified points spaced along opposite sides,
characterized in that

the graphics processor is further arranged to ac-
cumulate the positional changes of the line
based on the tracked changes in the positions
of the referenced points; wherein the display
processor is arranged to display the accumulat-
ed changes of the positions of the line after at
least a portion of a heart cycle.

The ultrasonic diagnostic imaging system of Claim
12, further comprising a scan converter (50) for scan
converting ultrasonic image data into a desired dis-
play format,

wherein the speckle tracker is operable to track
changes in the positions of the points in image data
prior to scan conversion.

The ultrasonic diagnostic imaging system of Claim
12, wherein the border detector comprises a manual
user input by which points can be manually placed
on opposite sides of a heart chamber in the ultra-
sound image.

Patentanspriiche

1.

Verfahren zur Darstellung der Funktionsweise des
Herzens anhand einer wahrend einer Phase eines
Herzzyklus erfassten Bildsequenz, wobei das Ver-
fahren Folgendes umfasst:

Erfassen einer Sequenz von Bildern des Her-
zens wahrend einer ausgewahlten Phase oder
Phasen des Herzzyklus;

Identifizieren der Orte von Referenzpunkten auf
gegenuberliegenden Seiten einer Herzkammer
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in einem Herzbild;

Verfolgen von Positionen der Referenzpunkte
wahrend der ausgewahlten Phase oder Phasen
des Herzzyklus;

Erzeugen von mindestens einer Linie quer
durch die Herzkammer, wobei die genannte Li-
nie auf ein Paar von identifizierten Punkten re-
ferenziert ist, die entlang gegenuberliegender
Seiten beabstandet sind;

dadurch gekennzeichnet, dass das Verfahren wei-
terhin Folgendes umfasst:

Kumulieren von Positionséanderungen der Linie
wahrend der ausgewahlten Phase oder Phasen
des Herzzyklus basierend auf den verfolgten
Positionsénderungen der referenzierten Punk-
te;

und

Anzeigen der kumulierten Positionsédnderungen
der Linien wahrend der ausgewahlten Phase
oder Phasen des Herzzyklus.

Verfahren nach Anspruch 1, wobei das Anzeigen
weiterhin das Anzeigen der kumulierten Positions-
anderungen derLinien in verschiedenen Farben um-
fasst.

Verfahren nach Anspruch 2, wobeidas Erfassen das
Erfassen einer Sequenz von dreidimensionalen Bil-
dern des Herzens umfasst,

wobei die Linien Oberflachen umfassen.

Verfahren nach Anspruch 1, wobei das Verfolgen
weiterhin das Verfolgen von Referenzpunkten wah-
rend der ausgewahlten Phase oder Phasen des
Herzzyklus durch Speckle-Verfolgung umfasst.

Verfahren nach Anspruch 4, wobei die Speckle-Ver-
folgung weiterhin das Verfolgen des Speckle-Mus-
ters von Myokardgewebe, das sich in der Nahe der
Referenzpunkte befindet, von einem Bild zum an-
dern umfasst.

Verfahren nach Anspruch 5, wobei das Identifizieren
das ldentifizieren der Orte von Referenzpunkten an
einem identifizierten Rand der Herzkammer um-
fasst.

Verfahren nach Anspruch 6, wobei das Identifizieren
weiterhin das Identifizieren des Rands der Herzkam-
mer durch automatisierte Randdetektion umfasst.

Verfahren nach Anspruch 1, wobei das Verfolgen
weiterhin das Verfolgen der Referenzpunkte wah-
rend der ausgewahlten Phase oder Phasen des
Herzzyklus durch automatisierte Randdetektion von
aufeinanderfolgenden Herzbildern umfasst.
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Verfahren nach Anspruch 1, wobei das Verfolgen
weiterhin das Verfolgen der Referenzpunkte wah-
rend der ausgewahlten Phase oder Phasen des
Herzzyklus durch Merkmalsverfolgung umfasst.

Verfahren nach Anspruch 1, wobei das Verfolgen
weiterhin das Verfolgen der Referenzpunkte wah-
rend der ausgewahlten Phase oder Phasen des
Herzzyklus durch Texturverfolgung umfasst.

Verfahren nach Anspruch 1, wobei das Anzeigen
das quantitative Anzeigen der Bewegung der Refe-
renzpunkte umfasst.

Ultraschallsystem zur diagnostischen Bildgebung
zum Diagnostizieren der Synchronizitat von Herzbe-
wegung, wobei das Ultraschallsystem Folgendes
umfasst:

eine Ultraschallsonde (410);

einen Bildprozessor (440);

einen Randdetektor, der betriebsfahig ist, um
Punkte auf gegeniiberliegenden Seiten einer
Herzkammer in einem Ultraschallbild zu identi-
fizieren;

einen Speckle-Verfolger (142), der betriebsfa-
hig ist, um die Positionsédnderungen der Punkte
wahrend mindestens eines Teils eines Herzzy-
klus zu verfolgen;

einen Anzeigeprozessor; und

einen Grafikprozessor (148), der daflr vorgese-
hen ist, mindestens eine Linie quer durch die
Herzkammer zu erzeugen, wobei die genannte
Linie auf ein Paar von identifizierten Punkten re-
ferenziert ist, die entlang gegeniberliegender
Seiten beabstandet sind,

dadurch gekennzeichnet, dass

der Grafikprozessor weiterhin daftir vorgesehen
ist, die Positionséanderungen der Linie basierend
auf den verfolgten Positionsédnderungen der re-
ferenzierten Punkte zu kumulieren; wobei der
Anzeigeprozessor daflr vorgesehen ist, die ku-
mulierten Positionsanderungen der Linie nach
mindestens einem Teil des Herzzyklus anzuzei-
gen.

Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 12, weiterhin umfassend einen
Scan-Konverter (50) zum Scan-Konvertieren von Ul-
traschalldaten in ein gewtiinschtes Anzeigeformat,
wobei der Speckle-Verfolger betriebsfahig ist, um
Positionsdnderungen der Punkte in Bilddaten vor
der Scan-Konvertierung zu verfolgen.

Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 12, wobei der Randdetektor eine ma-
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nuelle Benutzereingabe umfasst, durch die Punkte
in dem Ultraschallbild manuell auf gegeniiberliegen-
den Seiten einer Herzkammer platziert werden kén-
nen.

Revendications

Procédé de représentation du fonctionnement du
coeur, a partir d’'une séquence d’'images acquises
pendant une phase dun cycle cardiaque,
comprenant :

I'acquisition d’'une séquence d’images du coeur
pendant une ou des phases sélectionnée(s) du
cycle cardiaque ;

I'identification dans une image cardiaque des
emplacements de points derepére, surles cotés
opposés d’'une cavité cardiaque ;

le suivi des positions des points de repére pen-
dant la ou les phases sélectionnées du cycle
cardiaque ;

la production d’au moins une ligne a travers la
cavité cardiaque, dans laquelle ladite ligne est
référencée selon une paire des points identifiés
espaceés le long de cétés opposés ;
caractérisé en ce que

le procédé comprend en outre

le cumul des changements de position de la li-
gne, pendant la ou les phases sélectionnées du
cycle cardiaque, sur la base des changements
suivis des positions des points de repére ;

et

I'affichage des changements cumulés des posi-
tions des lignes pendant la ou les phases sélec-
tionnées du cycle cardiaque.

Procédé selon la revendication 1, dans lequel I'affi-
chage comprend en outre I'affichage des change-
ments cumulés des positions des lignes dans diffé-
rentes couleurs.

Procédé selon la revendication 2, dans lequel I'ac-
quisition comprend I'acquisition d’'une séquence
d’'images en trois dimensions du coeur,

dans lequel les lignes comprennent des surfaces.

Procédé selon larevendication 1, dans lequel le suivi
comprend en outre le suivi des points de repére pen-
dant la ou les phases sélectionnées du cycle cardia-
que par un suivi du chatoiement.

Procédé selon larevendication 4, dans lequel le suivi
du chatoiement comprend le suivi du motif de cha-
toiement du tissu myocardique situé a proximité des
points de repére, d’'une image a une autre.

Procédé selon la revendication 5, dans lequel I'iden-
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tification comprend lidentification des emplace-
ments des points de repéere sur un contour identifié
de la cavité cardiaque.

Procédé selon la revendication 6, dans lequel I'iden-
tification comprend en outre l'identification du con-
tour de la cavité cardiaque par une détection de con-
tour automatisée.

Procédé selon larevendication 1, dans lequel le suivi
comprend en outre le suivi des points de repére pen-
dant la ou les phases sélectionnées du cycle cardia-
que, par une détection de contour automatisée
d’'images cardiaques successives.

Procédé selon larevendication 1, dans lequel le suivi
comprend en outre le suivi des points de repére pen-
dant la ou les phases sélectionnées du cycle cardia-
que par un suivi des fonctions.

Procédé selon larevendication 1, dans lequel le suivi
comprend en outre le suivi des points de repére pen-
dant la ou les phases sélectionnées du cycle cardia-
que par un suivi de la texture.

Procédé selon la revendication 1, dans lequel I'affi-
chage comprend l'affichage du mouvement des
points de repére quantitativement.

Systeme d’'imagerie diagnostique a ultrasons pour
diagnostiquer la synchronicité du mouvement car-
diaque, comprenant :

une sonde a ultrasons (410) ;

un processeur d’'image (440) ;

un détecteur de contour pouvant étre actionné
pour identifier des points sur des cotés opposés
d'une cavité cardiaque, dans une image a
ultrasons ;

un systéme de suivi du chatoiement (142) pou-
vant étre actionné pour suivre les changements
de positions des points pendant au moins une
partie du cycle cardiaque :

un processeur d’affichage ; et

un processeur graphique (148) disposé de
fagon a produire au moins une ligne a tra-
vers la cavité cardiaque, ladite ligne étant
référencée selon une paire des points iden-
tifies espacés le long des cotés opposés,
caractérisé en ce que

le processeur graphique est en outre dispo-
sé de fagon a cumuler les changements de
position de la ligne, sur la base des chan-
gements suivis dans les positions des
points de repére ; danslequel le processeur
d’affichage est disposé de fagon a afficher
les changements cumulés des positions de
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13.

14.

la ligne aprés au moins une partie d’un cycle
cardiaque.

Systéme d’imagerie diagnostique a ultrasons selon
larevendication 12, comprenant en outre un conver-
tisseur de balayage (50) pour convertir le balayage
des données d’'images a ultrasons en un format d’af-
fichage souhaité,

dans lequel le systéme de suivi de chatoiement peut
étre actionné pour suivre les changements des po-
sitions des points dans les données de 'image avant
la conversion de balayage.

Systéme d’imagerie diagnostique a ultrasons selon
larevendication 12, dans lequel le détecteur de con-
tour comprend une entrée manuelle de I'utilisateur,
moyennant quoi les points peuvent étre manuelle-
ment placés sur des cotés opposés d’une cavité car-
diaque dans l'image a ultrasons.
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