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Description
BACKGROUND
Technical Field

[0001] The present invention relates to an ultrasonic
diagnostic apparatus, and in particular, to a technique
for evaluating or measuring conduction of an electric sig-
nal in the heart.

Background Art

[0002] An ultrasonic diagnostic apparatus is an appa-
ratus which forms an ultrasonic image based on a recep-
tion signal obtained by transmitting and receiving ultra-
sound to and from aliving body. The ultrasonic diagnostic
apparatus generally comprises a probe, a transmitting
unit, a receiving unit, an image forming unit, a measuring
unit, etc. The concept of the ultrasonic diagnostic appa-
ratus in the present application also includes a computer
having an ultrasonic image processing function.

[0003] In the-human heart, contraction of a cardiac
muscle is caused by an electric signal generated in the
living body stimulating the cardiac muscle. The electric
signal is transmitted in the heart from a sinus node via a
plurality of routes to the entirety of the heart. The con-
traction timings of the right atrium, the left atrium, the
right ventricle, and the left ventricle do not match each
other. Thatis, there is a time difference in the motions of
the individual cardiac muscle sites in the heart. It can be
deduced that, by evaluating such a time difference, it is
possible to identify abnormality of the motion of the car-
diac muscle or cardiac disease. However, the ultrasonic
diagnostic apparatuses of the related art are not
equipped with a function to measure such a conduction
time difference or a contraction time difference. For the
heart of a fetus in the mother's womb, direct measure-
ment of the electrocardiographic signal is difficult. There
is desire for a method in which the conduction of the
electric signal can be measured for the heart of a fetus.
[0004] JP 2007-75333 A discloses an ultrasonic diag-
nostic apparatus having a function to track an observa-
tion point designated by a user by applying a pattern
matching (image matching) technique between adjacent
frames. The tracking is two-dimensional tracking.
[0005] US 2004/0015081 A1 describes an ultrasonic
apparatus for examination of the human heart wherein
the motion of the septal and lateral walls are analyzed.
Further ultrasonic diagnostic systems for observing car-
diac motion are known from WO 2007/107926 A1, US
2006/0074315 A1 and US 2005/0203395 A1.

[0006] As described, there is desire to measure con-
duction of the electric signal in a heart (in particular, the
heart of a fetus). This is because a cardiac muscle motion
is primarily observed with the eyes on a two-dimensional
tomographic image (video image) of the heart and it is
difficult to identify abnormality of an electric signal con-
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ducting system or abnormality of the cardiac muscle mo-
tion. In order to diagnose a disease of the heart, it is
desired to objectively or quantitatively evaluate such ab-
normality.

SUMMARY

[0007] An advantage of the present invention is provi-
sion of an ultrasonic diagnostic apparatus which can
quantitatively evaluate the conduction of the electric sig-
nal in the heart.

[0008] According to one aspect of the present inven-
tion, there is provided an ultrasonic diagnostic apparatus
comprising a setting unit which sets, on an ultrasonic
image of a heart, a plurality of observation points on con-
duction pathways of the heart for an electric signal which
causes contraction of a cardiac muscle; a tracking unit
which tracks each of the observation points to determine
a temporal displacement of each of the observation
points; a waveform generating unit which generates a
plurality of displacement waveforms representing the
temporal displacements for the plurality of observation
points; and an analyzing unit which analyzes the plurality
of displacement waveforms on a common time axis to
calculate a time difference of motion for the plurality of
observation points.

[0009] Accordingtothe above-described configuration
of the present invention, on an ultrasonic image of the
heart, a plurality of observation points are set on the con-
duction pathways of the heart, and each observation
point is tracked to determine the temporal displacement
of each observation point. For each observation point, a
displacement waveform (that is, a displacement data ar-
ray) is generated based on the temporal displacement
each time. The plurality of displacement waveforms are
analyzed on a common time axis, to calculate a time dif-
ference of motion caused among the plurality of obser-
vation points. The time difference of motion is provided
to the user in a form of a numerical value, a graph, or the
like. Based on such a time difference of motion, it be-
comes possible to objectively or quantitatively diagnose
the conduction of the electric signal and the characteristic
of cardiac muscle. This method is particularly desirably
applied to the heart of a fetus for which the electrocardi-
ographic signal cannot be directly measured. If the heart
function measurement can be realized as a diagnosis of
a fetus before birth, it becomes possible to quickly and
accurately prepare for the disease of the heart of the
fetus after birth, based on the measurement result.
Therefore, the present invention provides a significant
advantage in the medical field.

[0010] The displacementmeasured as the result of the
tracking may be a one-dimensional displacement, a two-
dimensional displacement (two-dimensional displace-
ment vector), or an absolute value of the two-dimensional
displacement. Alternatively, the displacement may be a
three-dimensional displacement. Alternatively, the dis-
placement measuring direction may be individually de-
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termined for each observation point. Alternatively, the
displacement measuring direction may be determined as
a direction where each observation point is present, as
viewed from a common reference point (for example, the
center of gravity of the heart). In the measurement of the
displacement, the displacement measuring direction is
desirably determined such that a translational motion
component of the heart is cancelled or compensated for.
For the tracking or displacement calculation of the ob-
servation point, there may be employed various known
methods such as an inter-frame matching, an ultrasonic
Doppler method, and an echo tracking method which
measures a phase change. Desirably, the inter-frame
matching is applied and a two-dimensional motion vector
between frames is calculated. The matching calculation
may be executed between adjacent frames, or the match-
ing calculation may be applied between a reference
frame and each subsequent frame. In either case, the
motion of the observation pointis successively observed.
The plurality of observation points can be arbitrarily de-
termined, but are desirably determined as points that are
significant in the disease diagnosis. The observation
points may include points indicating sinus nodes corre-
sponding to a source of the electric signal, or points near
the sinus node. In either case, the time difference of mo-
tion is evaluated between a plurality of observation
points. In this case, for example, the difference in timing
of start of contraction is calculated. In general, it is desir-
able to determine an observation point proximal to the
sinus node and an observation point distal from the sinus
node.

[0011] According to the present invention, in the ultra-
sonic diagnostic apparatus, the plurality of observation
points includes a proximal observation point and a distal
observation point, the plurality of displacement wave-
forms include a proximal displacement waveform corre-
sponding to the proximal observation point and a distal
displacement waveform corresponding to the distal ob-
servation point, and the analyzing unit calculates, as the
time difference of motion, a relative delay of the distal
displacement waveform with respect to the proximal dis-
placement waveform. The proximal observation point is
a first observation point and the distal observation point
is a second observation point. A plurality of observation
points in which the contraction motion is caused at the
same temporal timing may be set, but desirably, two
points including an upstream side site and a downstream
side site in the electric signal conduction system are de-
termined as the observation points. Such two points are
the proximal observation point and the distal observation
point. "Proximal" and "distal" with regard to the two ob-
servation points refer to the temporal proximity, and do
not necessarily correspond to proximity in the distance.
It is expected that with the accumulation of future clinical
research using the present invention, more accurate ob-
servation points will be found.

[0012] According to another aspect of the present in-
vention, it is preferable that, in the ultrasonic diagnostic
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apparatus, the analyzing unit comprises a first waveform
analyzing unit which analyzes the proximal displacement
waveform to identify a generation timing of local contrac-
tion caused by arrival of the electric signal as a proximal
contraction timing, a second waveform analyzing unit
which analyzes the distal displacement waveform to
identify a generation timing of local contraction caused
by arrival of the electric signal as a distal contraction tim-
ing, and a time analyzing unit which measures a time
difference between the proximal contraction timing and
the distal contraction timing to calculate the time differ-
ence of motion. In the analysis of each displacement
waveform, a representative point is identified for each
heartbeat. The representative pointis determined, for ex-
ample, as a peak point, an inflection point, a zero-cross
point, etc., from the viewpoint of the waveform analysis,
and, desirably, a point representing the muscle contrac-
tion start timing due to arrival of the electric signal or a
timing corresponding to such a start timing is identified
as the representative point.

[0013] According to another aspect of the present in-
vention, it is preferable that, in the ultrasonic diagnostic
apparatus, the analyzing unit comprises a sorting proc-
essor which executes a sorting process to sort the wave-
forms for each heartbeat during the analysis of the prox-
imal displacement waveform and the distal displacement
waveform, and the time difference of motion is calculated
for each heartbeat after the sorting process is executed.
With this configuration, because the sorting process or
dividing process is applied in advance, a time difference
between a plurality of representative points at the same
heartbeat can be determined without an error.

[0014] According to another aspect of the present in-
vention, it is preferable that the ultrasonic diagnostic ap-
paratus further comprises a unit which determines a dis-
placement measuring direction for each of the observa-
tion points. With this configuration, the displacement
component at the set displacement measuring direction
is measured. The displacement measuring direction is
determined, for example, as a direction connecting the
center-of-gravity point of the heart and the observation
point or a direction connecting a fixedly determined point
and the observation point. A direction setting condition
is desirably determined such that the direction is not af-
fected by the translational motion of the heart, or the
translational motion of the heart is cancelled.

[0015] According to another aspect of the present in-
vention, it is preferable that the ultrasonic diagnostic ap-
paratus further comprises a display which displays a dis-
placement waveform image having the plurality of the
displacement waveforms arranged in a predetermined
order in parallel to the common time. The plurality of dis-
placement waveforms maybe displayed in an overlap-
ping manner while a completely common axis is em-
ployed for the vertical axis, but, in order to visually easily
recognize the time difference, it is desirable to arrange
the displacement waveforms by shifting the vertical axis
(that is, the axis indicating the amount of displacement
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or degree of displacement) in the vertical direction while
employing a common horizontal axis (time axis) for the
plurality of displacement waveforms. In other words, it is
desirable to display the plurality of displacement wave-
forms arranged in the vertical direction. In this case, the
plurality of displacement waveforms may be arranged in
an order such as the order of magnitude of the arrival
time of the electric signal so that the time difference of
motion of each site can be easily recognized.

[0016] According to another aspect of the present in-
vention, it is preferable that the ultrasonic diagnostic ap-
paratus further comprises a unit which displays, in a com-
bined manner on the displacement waveform image, a
plurality of connecting curves across the plurality of dis-
placement waveforms, wherein each of the connecting
curves is a curve connecting a plurality of representative
points for each heartbeat of the plurality of displacement
waveforms. With this configuration, the time difference
of motion can be spatially understood. In addition, in a
case where the time difference of motion differs for each
heartbeat, the difference can be easily recognized as a
difference in a shape or a slope of the connecting curve.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

FIG. 1 is a block diagram showing an ultrasonic di-
agnostic apparatus according to a preferred embod-
iment of the present invention.

FIG. 2is adiagram showing a plurality of observation
points which are set on a tomographic image of the
heart.

FIG. 3 is a flowchart for explaining a method of cal-
culating a time difference according to a preferred
embodiment of the present invention.

FIG. 4 is a diagram showing an example display.
FIG. 5 is a diagram showing an example setting of
the displacement measuring direction.

FIG. 6is a diagram showing another example setting
of the displacement measuring direction.

DESCRIPTION OF EMBODIMENT

[0018] A preferred embodiment of the present inven-
tion will now be described with reference to the drawings.
[0019] FIG. 1 shows an ultrasonic diagnostic appara-
tus according to a preferred embodiment of the present
invention, and is a block diagram showing an overall
structure of the ultrasonic diagnostic apparatus. The ul-
trasonic diagnostic apparatus is used in the medicalfield,
and executes an ultrasonic diagnosis with respect to the
heart or the like. In the present embodiment, the heart
for which the ultrasonic diagnosis is applied is the heart
of a fetus in a mother’s womb. Alternatively, the present
invention can be applied to general hearts other than the
heart of a fetus. The measurement and image processes
of the present invention may be executed on a computer.
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In such a case, the computer is understood to be the
ultrasonic diagnostic apparatus.

[0020] In FIG. 1, a probe 10 is an ultrasonic probe
which transmits and receives the ultrasound. In the
presentembodiment, the probe 10 comprises a 1-D array
transducer. An ultrasonic beam is formed by the array
transducer, and a scan plane which is a two-dimensional
echo data capturing space is formed by an electric scan-
ning of the ultrasonic beam. As the electronic scanning
method, electric linear scanning, electronic sector scan-
ning, etc. are known. Alternatively, the probe 10 may be
a 3-D probe. Such a 3-D probe comprises a 2-D array
transducer; that is, a plurality of transducer elements ar-
ranged in a two-dimensional array. The ultrasonic beam
is formed by the 2-D array transducer, and is electrically
scanned in a first direction and a second direction. With
this process, a three-dimensional echo data capturing
space is formed, and volume data which is a collection
of echo data is obtained from such a three-dimensional
space. Alternatively, in place of the 2-D array transducer,
a 1-D array transducer and a mechanism which mechan-
ically scans the 1-D array transducer may be provided.

[0021] In the present embodiment, the probe 10 is
brought into contact with a surface of the abdominal re-
gion of a pregnant woman, and transmission and recep-
tion of the ultrasound are executed by the probe 10 con-
tacted in this manner. The contact position and contact
orientation of the probe 10 are adjusted such that the
scan plane is positioned on a desired cross section in
the heart of the fetus. Alternatively, there may be used a
probe which is inserted into a body cavity.

[0022] A transmitting unit 12 functions as a transmis-
sion beam former, and supplies, in parallel, a plurality of
transmission signals to the array transducer. With this
configuration, a transmission beam is formed by the array
transducer. A reflected wave from the living body is re-
ceived by the array transducer, and a plurality of recep-
tion signals are output from the array transducer to a
receiving unit 14. The receiving unit 14 functions as a
reception beam former, and, with a phase-alignment and
summing process performed on the plurality of reception
signals in the receiving unit 14, beam data (received sig-
nal after the phase alignment and summing) are gener-
ated. With this process, a reception beam is electrically
formed.

[0023] A signal processor 16 applies various signal
processes such as logarithmic compression and filtering
on the beam data, and the beam data after the signal
processes are output to an image forming unit 18. The
image forming unit comprises a digital scan converter
(DSC) having functions for a coordinate conversion proc-
ess and an interpolation process. The image forming unit
18 forms a two-dimensional tomographicimage (B-mode
tomographic image) representing a predetermined cross
section of the heart based on a plurality of beam data
forming one frame. The image data which are output from
the image forming unit 18 are output to a display proc-
essor 20. In addition, the image data which are output
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from the image forming unit 18 are also output to a con-
ducting system measuring unit 24 to be described later.
[0024] When the echo data obtained from the three-
dimensional space are processed, as the image forming
unit 18, a 3-D memory, a coordinate conversion unit, a
three-dimensional image forming unit, a tomographicim-
age forming unit, etc. are provided. In other words, vol-
ume data are formed by mapping the beam data into the
three-dimensional space. Based on the volume data, a
three-dimensional image and a two-dimensional tomo-
graphic image are formed. The latter image is formed
using data corresponding to an arbitrary cut plane which
is setforthe three-dimensional space. The measurement
to be described below may be executed based on an
image which is formed in real time, or, alternatively, the
measurement to be described below may be executed
based on data which are read from a cine-memory or the
like, or a reproduced image based on such data.
[0025] The display processor 20 has an image com-
bining function or the like, and outputs image data to a
display 22. The display 22 displays the tomographic im-
age orthe like. In addition, animage including the plurality
of displacement waveforms or the like to be described
below is displayed as necessary.

[0026] The conducting system measuring unit 24 is a
module which measures the time difference of motion
between a plurality of observation points determined on
the conductive pathways of the heart for the electric sig-
nal. In the present embodiment, a frame array or a frame
line which is output from the image forming unit 18 is
input to the conducting system measuring unit 24. The
frame array comprises a plurality of frames arranged on
the time axis, and each frame, corresponds to one tom-
ographic image. Alternatively, a frame array before co-
ordinate conversion which is input to the image forming
unit 18 may be input to the conducting system measuring
unit 24. In this case, each frame comprises a plurality of
sets of beam data. The conducting system measuring
unit 24 may be realized as a function of software, or may
be realized by hardware. Specific processes of the con-
ducting system measuring unit 24 will be described later
in detail with reference to FIG. 3. Image data or numerical
data obtained as a result of the process are sent through
the display processor 20 to the display 22.

[0027] A controller 26 comprises a CPU and an oper-
ation program or the like, and controls the operations of
the elements shown in FIG. 1. In addition, the controller
26 also has a function of generating a graphic image,
and the image data are sent to the display processor 20.
An inputting unit 28 which is connected to the controller
26 comprises an operation panel, and the operation pan-
el comprises a keyboard, a track ball, etc. A user can set
the plurality of observation points using the inputting unit
28. Alternatively, the setting of the observation points
may be automated by image analysis.

[0028] FIG. 2 shows a tomographic image 100 repre-
senting the heart of the fetus. The tomographic image
100 is a so-called four-chamber cross-sectional image,
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with the upper part being a cardiac apex. Alternatively,
a two-chamber cross-sectional image indicating a long
axis view, or other images may be used.

[0029] More specifically, in the tomographic image
100, reference numeral 100A represents a cross section
of the heart, and, in the cross section, four heart cham-
bers including the right atrium (RA), the right ventricle
(RV), the left atrium (LA), and the left ventricle (LV) are
shown. Reference numeral 101 represents the sinus
node (sinoauricular node), which is a source of the elec-
tric signal in the heart and from which the electric signal
is sent to the various sites. In addition, an atrioventricular
node is also shown in the heart. Reference numeral 102
represents a plurality of signal conduction pathways from
the sinus node 101 to the cardiac muscle. The form of
the conduction network shown in FIG. 2 is a schematic
view, for explaining the invention.

[0030] In the present embodiment, when the tomo-
graphic image 100 of the heart of the fetus is displayed,
the user sets a plurality of observation points. The setting
of the observation points is executed on a predetermined
initial image (initial frame), and, in the images of the sub-
sequent frames, the position of each observation point
(new position) is automatically identified through track-
ing. In FIG. 2, four observation points A, B, C, and D are
set. These positions are merely exemplary for explaining
the invention. The observation points are desirably de-
termined as points that are clinically or anatomically sig-
nificant. In any case, a point proximal in time and a point
distal in time from the sinus node 101 are determined,
and a time difference of motion in these points is calcu-
lated using the method to be described below. Alterna-
tively, two points which are at the same temporal position
may be determined.

[0031] When the plurality of observation points are de-
termined in a manner described above, in the present
embodiment, the pattern matching method is sequential-
ly applied between adjacent frames, and two-dimension-
al motion vectors between frames are successively cal-
culated for each observation point. That is, the tracking
of the motion in the two-dimensional plane is executed
for each observation point. As the tracking method, in
addition to the pattern matching described above, there
may be used a method using the Doppler information,
an echo tracking method considering the phase of the
RF signal, and other methods. In the present embodi-
ment, a two-dimensional vector is calculated, but alter-
natively, itis also possible to define adisplacement meas-
uring direction for each observation point, and a one-
dimensional amount of displacement may be calculated
in this direction. In the present embodiment, the pattern
matching is executed based on the image information
after coordinate conversion, but alternatively, the inter-
frame matching process may be applied to the signal
before the coordinate conversion or to upstream RF sig-
nals.

[0032] In any case, in the present embodiment, dis-
placementbetween frames is successively calculated for
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each observation point, and a plurality of displacement
waveforms corresponding to the plurality of observation
points are generated (refer to FIG. 4 to be described lat-
er). Each displacement waveform comprises a plurality
of displacement data (displacement data array) on the
time axis. Prior to the analysis of the displacement wave-
form, an averaging process or an interpolation process
may be applied to the displacement waveform. As will be
described below in detail, waveform analysis is individ-
ually executed for the displacement waveforms. More
specifically, first, a representative point is calculated for
each heartbeat in each displacement waveform, and
then, a time difference between representative points
(time difference of motion) between displacement wave-
forms is calculated. By determining numerical values or
graphing such a time difference of motion, it becomes
possible to easily recognize an abnormality in the con-
ducting system of the electric signal or abnormality in the
cardiac muscle motion. In particular, because the elec-
trocardiographic signal cannot be directly measured for
the heart of the fetus, by executing the multi-point motion
analysis based on the image as described above, there
is an advantage that the heart function measurement can
be executed even for the heart of the fetus. The repre-
sentative point may be determined as a peak point, an
inflection point, a zero-cross point, or other points.
[0033] FIG. 3 shows a flowchart of specific processes
of the conducting system measuring unit shown in FIG.
1. In S10, a tomographic image of the heart of the fetus
is displayed. On a sequence of tomographic images, an
initial image is designated, and a plurality of observation
points are designated by the user on the initial image.
The plurality of observation points may be set during a
real time measurement, but it is desirable to set the plu-
rality of observation points on a specific image repro-
duced from the cine-memory. Alternatively, an automat-
ed method may be applied including automatic selection
of an image of a specific time phase and automatic de-
termination of the observation points. In S12, the motion
of the observation points are tracked between frames;
that is, the displacement is calculated for each observa-
tion point. In this case, the pattern matching method be-
tween the frames as described above is applied, and the
two-dimensional displacement vector is calculated as the
displacement. The displacement vector is calculated for
each observation point and for each time phase, and is
represented on the time axis as a graph, to generate a
plurality of displacement waveforms (displacement
waveform array) . All of these processes after the desig-
nation of the observation points are automatically exe-
cuted. The horizontal axis in each displacement wave-
form represents the time axis, which is a common time
axis. On the other hand, the vertical axis in each displace-
ment waveform represents an amount of displacement
or a degree of displacement, and, in the present embod-
iment, represents a length of the vector.

[0034] In S14, a heartbeat sorting or dividing process
is applied for each displacement waveform. More spe-
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cifically, because the waveform moves up and down in
a pulsating manner according to the time phase of the
heartbeat, using the characteristic amount, individual
heartbeat period is identified, for example, as a period
from a valley to a valley or a period from a sign inverting
point of the differentiated value to the next sign inverting
point of the differentiated value. In this case, various
known methods may be employed. In S16, a represent-
ative point is detected for each displacement waveform
and for each heartbeat. In this case, the representative
point may be a peak point, an inflection point, a zero-
cross point, or the like. As the representative point, it is
desirable to specify a time phase representing a start
timing of a local cardiac muscle contraction, and a peak
point may be used as such a point.

[0035] In S18, on an image in which the plurality of
displacement waveforms are arranged in the up and
down direction, the representative points adjacent in the
up and down direction are connected for each heartbeat,
to identify a sequence of representative points which are
correlated to each other (arrangement of a plurality of
representative points in each heartbeat), and a time dif-
ference is calculated between each representative point.
In this case, the pair for which the time difference is to
be determined may be specified in advance, or may be
selected by the user. For example, the time difference is
calculated between the point A and the point B, between
the point A and the point C, between the point A and the
point D, between the point B and the point C, between
the point C and the point D, etc. Alternatively, the time
difference may be calculated for all combinations. Typi-
cally, the time difference is calculated for at least one
observation point pair comprising a proximal point and a
distal point viewed from the sinus node. In S18, a graph
representing the temporal change of such a time differ-
ence is generated. On the other hand, a plurality of con-
necting curves connecting the plurality of representative
points in individual heartbeat over or across the plurality
of displacement waveforms are generated. Such a con-
necting curve as an across line is generated for each
heartbeat. More specifically, as will be described below,
the plurality of horizontal axes of the plurality of displace-
ment waveforms are parallel to each other, and form a
common time axis. The plurality of vertical axes of the
plurality of displacement waveforms are axes represent-
ing the displacement, and are arranged linearly in the up
and down direction. In addition, a plurality of connecting
curves are displayed across the displacement wave-
forms in the up and down direction. The plurality of con-
necting curves are arranged in the time axis direction. In
this case, the plurality of displacement waveforms are
placed in the order from the upstream side to the down-
stream side in the conduction pathways of the electric
signal, and, thus, the connecting curve is generally rep-
resented as a line from the upper right toward the lower
left.

[0036] InS20, the image and numerical values formed
in the above-described manner are displayed, or the dis-
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played content is updated. The steps from S12 are re-
peatedly executed until it is determined in S22 that the
process is to be completed. After the above-described
process is completed, the plurality of displacement wave-
forms and the plurality of connecting curves may be re-
produced and displayed using a loop reproduction func-
tion. Alternatively, the waveform or the numerical value
corresponding to a specific time phase may be individu-
ally displayed when the specific time phase is designat-
ed.

[0037] FIG. 4 shows an example display. On the left
side of FIG. 4, a tomographic image is displayed as a
firstimage, and 4 observation points, points A, B, C, and
D, are set by the user for the tomographic image. On the
top right of FIG. 4, a second image including 4 displace-
ment waveforms is displayed. More specifically, dis-
placement waveforms L1, L2, L3, and L4 are displayed.
The horizontal axis represents the time axis, and the ver-
tical axis represents the magnitude of displacement. The
plurality of actual vertical axis of the plurality of displace-
ment waveforms are arranged in the up and down direc-
tion. Each waveform or each curve shown in FIG. 4 is
merely exemplary for explaining the invention.

[0038] Atthelowerrightof FIG. 4, a third image includ-
ing a plurality of graphs M1, M2, and M3 representing
the time difference of motion between the observation
points is displayed. The horizontal axis represents the
heartbeat and the vertical axis represents the time differ-
ence. When abnormal signal conduction is suddenly
caused, such an abnormality can be easily identified from
disturbance in the graph. As shown at the upper right of
FIG. 4, a plurality of connecting curves 104 are displayed
in an overlapping manner for the plurality of displacement
waveforms. Each connecting curve 104 is generated by
connecting a plurality of representative points in the up
and down directions at each heartbeat. In the present
embodiment, one connecting curve 104 is generated
through spline interpolation for 4 representative points.
On the other hand, a time difference At is calculated be-
tween two predetermined connecting curves, and this
process is executed for each observation point pair which
is set in advance. By calculating the time difference for
such an observation point pair for each heartbeat, it is
possible to generate the graphs M1, M2, and M3 de-
scribed above and generate a fourth image displayed on
the lower part of the screen and including a plurality of
numerical value displays (time difference displays).
[0039] In the example display of FIG. 4, as shown by
reference numeral 106, when a specific heartbeat time
phase is designated by the user, a numerical value rep-
resenting the time difference corresponding to the heart-
beat time phase is displayed, and, in the second image,
the connecting curve corresponding to the designated
heartbeat time phase is displayed in a highlighted man-
ner (refer to 104A).

[0040] Next, a method of determining a displacement
measuring direction will be described with reference to
FIGS. 5 and 6. In the above-described embodiment, the
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two-dimensional displacement vector is calculated be-
tween frames for each observation point, and the length
of the vector is determined as the displacement. In the
example configuration of FIG. 5, a center-of-gravity point
G of the heart is measured for each frame, measurement
directions 200 and 202 are designated as directions con-
necting the center-of-gravity point G and observation
points E and F, and the displacement components are
calculated in the directions 200 and 202 as the inter-
frame displacements of the observation points. With such
a configuration, even when the heart is moved in a trans-
lating motion, because the center-of-gravity G also
moves with the translating motion of the heart, the relative
motion of each site of the cardiac muscle can be objec-
tively identified without being significantly affected by the
translational motion component. In addition, because
each a cardiac muscle tissue generally moves in the for-
ward and backward direction with respect to the center
of the heart cavity, measurement of the amount of the
relative motion with respect to the center of gravity is
practical. The calculation of the center-of-gravity point G
may be executed as the center of gravity of the overall
heart or as the center of gravity of the bloodstream sec-
tion in the heart. Alternatively, a center of gravity of a
specific heart cavity may be calculated.

[0041] In an example configuration of FIG. 6, points J
and K for determining the displacement measuring direc-
tions for observation points H and | are designated, and
displacement measuring directions 204 and 206 are de-
termined as directions connecting the points J and K.
The points J and K may be fixed points on the screen or
may be points within or outside the heart. According to
this configuration, because the motion component in the
specific direction can be observed, an optimal motion
component can be observed according to the object of
measurement or the like.

[0042] The above-described methods are merely ex-
emplary, and in all cases, it is desirable that the displace-
ment be calculated to allow quantitative observation of
the motion of the heart wall for each observation point.
In the above-described embodiment, 4 observation
points are determined, but it is sufficient to determine at
least two observation points. For such setting of the plu-
rality of observation points, the plurality of observation
points may be determined from the upstream side toward
the downstream side along a specific (one line of) signal
conducting route in the heart. By determining the obser-
vation points in this way, it is possible to obtain an ad-
vantage that the heart function can be evaluated, includ-
ing the conducting abnormality of the signal. However,
the observation points can be arbitrarily determined, and
the observation points are desirably determined as the
most clinically significant points. Alternatively, the obser-
vation points may be determined on the sinus node. Ac-
cording to the present embodiment, there can be ob-
tained advantages that behavior of the electric signal in
the heartand motion of the local site of the cardiac muscle
can be evaluated even for a heart of a fetus for which the
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electrocardiographic signal cannot be directly obtained,
and that the heart of the fetus can be diagnosed before
birth.

Claims

1.

An ultrasonic diagnostic apparatus comprising:

a setting unit (28) which sets, on an ultrasonic
image of a heart, a plurality of observation points
(AtoF, H,1)on conduction pathways of the heart
for an electric signal which causes contraction
of a cardiac muscle;

a tracking unit which tracks each of the obser-
vation points (A to F, H, ) to determine a two-
dimensional displacement vector of each of the
observation points; and

a waveform generating unit which generates a
plurality of displacement waveforms (L1, L2, L3,
L4) based on the plurality of two-dimensional
displacement vectors determined for the plural-
ity of observation points (Ato F, H, I);
characterized in that

an analyzing unitis provided which analyzes the
plurality of displacement waveforms (L1, L2, L3,
L4) on a common time axis to calculate a time
difference of motion (M1, M2, M3) for the plural-
ity of observation points (Ato F, H, 1),

the plurality of observation points (A to F, H, 1)
include a proximal observation point which is set
on an upstream side on the conduction pathway
and a distal observation point which is set on a
downstream side on the conduction pathway,
the plurality of displacement waveforms (L1, L2;
L3, L4) include a proximal displacement wave-
form generated based on the two-dimensional
displacement vector of the proximal observation
point and a distal displacement waveform gen-
erated based on the two-dimensional displace-
ment vector of the distal observation point, and
the analyzing unit calculates, as the time differ-
ence of motion (M1, M2, M3), a relative delay of
the distal displacement waveform with respect
to the proximal displacement waveform.

2. The ultrasonic diagnostic apparatus according to

Claim 1, wherein
the analyzing unit comprises:

a first waveform analyzing unit which analyzes
the proximal displacement waveform to identify
a generation timing of local contraction caused
by arrival of the electric signal as a proximal con-
traction timing;

a second waveform analyzing unit which ana-
lyzes the distal displacement waveform to iden-
tify a generation timing of local contraction
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caused by arrival of the electric signal as a distal
contraction timing; and

a time analyzing unit which measures a time dif-
ference between the proximal contraction timing
and the distal contraction timing to calculate the
time difference of motion (M1, M2, M3).

The ultrasonic diagnostic apparatus according to
Claim 2, wherein

the analyzing unitincludes a sorting processor which
executes a sorting process to sort the waveforms for
each heartbeat during the analysis of the proximal
displacement waveform and the distal displacement
waveform, and

the time difference of motion (M1, M2, M3) is calcu-
lated for each heartbeat after the sorting process is
executed.

The ultrasonic diagnostic apparatus according to
Claim 1, further comprising a unit which determines
a displacement measuring direction (200, 202, 204,
206) for each of the observation points (Ato F, H, ).

The ultrasonic diagnostic apparatus according to
Claim 1, further comprising a display (22) which dis-
plays a displacement waveform image having the
plurality of the displacement waveforms (L1, L2, L3,
L4) arranged in a predetermined order in parallel to
the common time axis.

The ultrasonic diagnostic apparatus according to
Claim 5, further comprising a unit which displays, in
a combined manner on the displacement waveform
image, a plurality of connecting curves (104) across
the plurality of displacement waveforms (L1, L2, L3,
L4), wherein

each of the connecting curves (104) is a curve con-
necting a plurality of representative points for each
heartbeat of the plurality of displacement waveforms
(L1, L2, L3, L4).

The ultrasonic diagnostic apparatus according to
Claim 4, wherein

the displacement measuring direction (200, 202,
204, 206) for each of the observation points (A to F,
H, I) is a direction connecting a reference point in
the heart and the corresponding observation point.

The ultrasonic diagnostic apparatus according to
Claim 4, wherein

the displacement measuring direction for each of the
observation points is a direction connecting a corre-
sponding reference point (J, K) among a plurality of
references points which are set outside of the heart
and the corresponding observation point (H, I).

The ultrasonic diagnostic apparatus according to
Claim 1, wherein
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the heart is the heart of a fetus.

The ultrasonic diagnostic apparatus according to
Claim 1, wherein

the setting unit (28) is a unit with which a user des-
ignates a coordinate on the ultrasonic image.

The ultrasonic diagnostic apparatus according to
Claim 1, further comprising

a display (22) which displays the ultrasonic image,
a plurality of observation point (A to F, H, ) markers
displayed in a combined manner with the ultrasonic
image, the plurality of displacement waveforms (L1,
L2, L3, L4), and information indicating the time dif-
ference of motion (M1, M2, M3).

Patentanspriiche

1.

Ultraschalldiagnosegerat mit:

einer Festlegungseinheit (28), welche auf einem
Ultraschallbild eines Herzens eine Vielzahl von
Uberwachungspunkten (A bis F, H, I) auf Lei-
tungsbahnen des Herzens fiir ein elektrisches
Signal festlegt, welches eine Kontraktion eines
Herzmuskels auslost;

einer Beobachtungseinheit, welche jeden der
Uberwachungspunkte (AbisF,H, I) beobachtet,
um einen zweidimensionalen Verschiebungs-
vektor von jedem der Uberwachungspunkte zu
bestimmen; und

einer Erzeugungseinheit fir Wellenformen, wel-
che eine Vielzahl von Verschiebungswellenfor-
men (L1, L2, L3, L4) basierend auf der Vielzahl
von zweidimensionalen Verschiebungsvekto-
ren erzeugt, welche fiir die Vielzahl von Uber-
wachungspunkten (A bis F, H, |) bestimmt wur-
den;

dadurch gekennzeichnet, dass

eine Analyseeinheit vorgesehen ist, welche die
Vielzahl von Verschiebungswellenformen (L1,
L2, L3, L4) auf einer gemeinsamen Zeitachse
analysiert, um eine Zeitdifferenz einer Bewe-
gung (M1, M2, M3) fiir die Vielzahl von Uberwa-
chungspunkten (A bis F, H, 1) zu berechnen,
wobei die Vielzahl von Uberwachungspunkten
(A bis F, H, 1) einen proximalen Uberwachungs-
punkt, welcher auf einer stromaufwarts gelege-
nen Seite auf der Leitungsbahn festgelegt ist,
und einen distalen Uberwachungspunkt, wel-
cher auf einer stromabwarts gelegenen Seite
auf der Leitungsbahn festgelegt ist, aufweist,
wobei die Vielzahl von Verschiebungswellenfor-
men (L1, L2, L3, L4) eine proximale Verschie-
bungswellenform, welche basierend auf dem
zweidimensionalen Verschiebungsvektor des
proximalen Uberwachungspunkts erzeugt wur-
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de, und

eine distale Verschiebungswellenform, welche
basierend auf dem zweidimensionalen Ver-
schiebungsvektor des distalen Uberwachungs-
punkts erzeugt wurde, aufweist, und

wobei die Analyseeinheit eine relative Verzoge-
rung der distalen Verschiebungswellenform be-
ziiglich der proximalen Verschiebungswellen-
form als die Zeitdifferenz der Bewegung (M1,
M2, M3) berechnet.

Ultraschalldiagnosegerat nach Anspruch 1, wobei
die Analyseeinheit aufweist:

eine erste Analyseeinheit fir Wellenformen,
welche die proximale Verschiebungswellenform
analysiert, um einen Erzeugungszeitpunkt einer
lokalen Kontraktion, welche durch Ankunft des
elektrischen Signals ausgel6st wurde, als einen
proximalen Kontraktionszeitpunkt zu identifizie-
ren;

eine zweite Analyseeinheit fir Wellenformen,
welche die distale Verschiebungswellenform
analysiert, um einen Erzeugungszeitpunkt der
lokalen Kontraktion, welche durch Ankunft des
elektrischen Signals ausgeldst wurde, als einen
distalen Kontraktionszeitpunkt zu identifizieren;
und

eine Zeitanalyseeinheit, welche eine Zeitdiffe-
renz zwischen dem proximalen Kontraktions-
zeitpunkt und dem distalen Kontraktionszeit-
punkt misst, um die Zeitdifferenz der Bewegung
(M1, M2, M3) zu berechnen.

Ultraschalldiagnosegerat nach Anspruch 2, wobei
die Analyseeinheit einen Sortierprozessor aufweist,
welcher einen Sortierprozess ausfiihrt, um die Wel-
lenformen fiir jeden Herzschlag wéahrend der Analy-
se der proximalen Verschiebungswellenform und
der distalen Verschiebungswellenform zu sortieren,
und

die Zeitdifferenz der Bewegung (M1, M2, M3) fiir je-
den Herzschlag, nachdem der Sortierprozess aus-
gefiihrt worden ist, berechnet wird.

Ultraschalldiagnosegerat nach Anspruch 1, welches
ferner aufweist

eine Einheit, welche eine Verschiebungsmessrich-
tung (200, 202, 204, 206) fiir jeden der Uberwa-
chungspunkte (A bis F, H, I) bestimmt.

Ultraschalldiagnosegerat nach Anspruch 1, welches
ferner aufweist

eine Anzeige (22), welche ein Verschiebungswellen-
formbild anzeigt, welches die Vielzahl der Verschie-
bungswellenformen (L1, L2, L3, L4) aufweist, welche
in einer vorbestimmten Reihenfolge parallel zu der
gemeinsamen Zeitachse angeordnet sind.
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Ultraschalldiagnosegerat nach Anspruch 5, welches
ferner aufweist

eine Einheit, welche in einer kombinierten Weise ei-
ne Vielzahl von Verbindungskurven (104) tber die
Vielzahl von Verschiebungswellenformen (L1, L2,
L3, L4) auf dem Verschiebungswellenformbild an-
zeigt, wobei

jede der Verbindungskurven (104) eine Kurve ist,
welche eine Vielzahl von reprasentativen Punkten
fur jeden Herzschlag der Vielzahl von Verschie-
bungswellenformen (L1, L2, L3, L4) verbindet.

Ultraschalldiagnosegerat nach Anspruch 4, wobei
die Verschiebungsmessrichtung (200, 202, 204,
206) firr jeden der Uberwachungspunkte (A bis F, H,
1) eine Richtung ist, welche einen Referenzpunkt in
dem Herz und den dazugehérigen Uberwachungs-
punkt verbindet.

Ultraschalldiagnosegerat nach Anspruch 4, wobei
die Verschiebungsmessrichtung fiir jeden der Uber-
wachungspunkte eine Richtung ist, welche einen
entsprechenden Referenzpunkt (J, K) unter einer
Vielzahl von Referenzpunkten, welche auerhalb
des Herzens festgelegt sind, und den entsprechen-
den Uberwachungspunkt (H, 1) verbindet.

Ultraschalldiagnosegerat nach Anspruch 1, wobei
das Herz das Herz eines Fotus ist.

Ultraschalldiagnosegerat nach Anspruch 1, wobei
die Festlegungseinheit (28) eine Einheit ist, mit wel-
cher ein Benutzer eine Koordinate auf dem Ultra-
schallbild bestimmt.

Ultraschalldiagnosegerat nach Anspruch 1, welches
ferner aufweist

eine Anzeige (22), welche das Ultraschallbild, eine
Vielzahl von in einer kombinierten Weise mit dem
Ultraschallbild angezeigten Markierungen der Uber-
wachungspunkte (A bis F, H, 1), die Vielzahl von Ver-
schiebungswellenformen (L1, L2, L3, L4) und die
Zeitdifferenz der Bewegung (M1, M2, M3) angeben-
de Information anzeigt.

Revendications

1.

Appareil de diagnostic a ultrasons comprenant:

une unité de définition (28) qui définit, sur une
image a ultrasons d’un coeur, une pluralité de
points d’observation (A a F, H, I) sur des voies
de conduction du coeur pour un signal électrique
qui cause une contraction d’'un muscle cardia-
que;

une unité de suivi qui suit chacun des points
d’observation (A a F, H, I) pour déterminer un
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10

vecteur de déplacementbidimensionnel de cha-
cun des points d’observation; et

une unité générant des formes d’onde qui gé-
nére une pluralité de formes d’'onde de dépla-
cement(L1,L2,L3, L4)surlabasedelapluralité
de vecteurs de déplacement bidimensionnels
déterminés pour la pluralité de points d’obser-
vation (Aa F, H, I);

caractérisé en ce que

une unité d’analyse est fournie, laquelle analyse
la pluralité de formes d’onde de déplacement
(L1, L2, L3, L4) sur un axe des temps commun
pour calculer une différence de temps de mou-
vement (M1, M2, M3) pour la pluralité de points
d’'observation (AaF, H, ),

la pluralité de points d’observation (A a F, H, I)
inclue un point d’observation proximal qui est
défini sur un cété en amont sur la voie de con-
duction et un point d’observation distal qui est
défini sur un cété en aval sur la voie de conduc-
tion,

la pluralité de formes d’onde de déplacement
(L1, L2, L3, L4) inclue une forme d’onde de dé-
placement proximale générée sur la base du
vecteur de déplacement bidimensionnel du
point d’'observation proximal et une forme d’on-
de de déplacement distale générée sur la base
du vecteur de déplacement bidimensionnel du
point d’observation distal, et

I'unité d’analyse calcule, en tant que la différen-
ce de temps de mouvement (M1, M2, M3), un
délai relatif de la forme d’onde de déplacement
distale par rapport a la forme d’onde de dépla-
cement proximale.

2. Appareil de diagnostic a ultrasons selon la revendi-

cation 1,
I'unité d’analyse comprenant:

une premiére unité d’analyse de formes d’onde
qui analyse la forme d’onde de déplacement
proximale pour identifier untemps de génération
d’une contraction locale causée par I'arrivée du
signal électrique en tant qu’un temps de con-
traction proximal;

une deuxieme unité d’analyse de formes d’'onde
quianalyse laforme d’onde de déplacement dis-
tale pour identifier un temps de génération d’'une
contraction locale causée par I'arrivée du signal
électrique en tant que temps de contraction dis-
tal; et

une unité d’analyse de temps qui mesure une
différence de temps entre le temps de contrac-
tion proximal et le temps de contraction distal
pour calculer la différence de temps de mouve-
ment (M1, M2, M3).

3. Appareil de diagnostic a ultrasons selon la revendi-
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cation 2,

'unité d’analyse incluant un processeur de tri qui
exécute un processus de tri pour trier les formes
d’onde de chaque battement de coeur durant I'ana-
lyse de la forme d’'onde de déplacement proximale
et la forme d’onde de déplacement distale, et

la différence de temps de mouvement (M1, M2, M3)
est calculée pour chaque battement de coeur aprés
que le processus de tri est exécuté.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1,

comprenant en outre une unité qui détermine une
direction de mesure de déplacement (200, 202, 204,
206) pour chacun des points d’observation (A a F,
H, I).

Appareil de diagnostic a ultrasons selon la revendi-
cation 1,

comprenant en outre un écran (22) qui affiche une
image de formes d’onde de déplacement ayant la
pluralité des formes d’onde de déplacement (L1, L2,
L3, L4) agencées dans un ordre prédéterminé pa-
rallelement a 'axe de temps commun.

Appareil de diagnostic a ultrasons selon la revendi-
cation 5,

comprenant en outre une unité qui affiche, d'une ma-
niére combinée sur 'image de formes d’'onde de dé-
placement, une pluralité de courbes de liaison (104)
au travers de la pluralité de formes d’onde de dépla-
cement (L1, L2, L3, L4),

chacune des courbes deliaison (104) étant une cour-
be reliant une pluralité de points représentatifs pour
chaque battement de coeur de la pluralité de formes
d’'onde de déplacement (L1, L2, L3, L4).

Appareil de diagnostic a ultrasons selon la revendi-
cation 4,

la direction de mesure de déplacement (200, 202,
204, 206) pour chacun des points d’observation (A
a F, H, I) étant une direction reliant un point de réfé-
rence dans le coeur et le point d’observation corres-
pondant.

Appareil de diagnostic a ultrasons selon la revendi-
cation 4,

la direction de mesure de déplacement pour chacun
des points d’observation étant une direction reliant
un point de référence correspondant (J, K) parmiune
pluralité de points de référence qui sont définis en
dehors du coeur et le point d’'observation correspon-
dant (H, I).

Appareil de diagnostic a ultrasons selon la revendi-
cation 1,
le coeur étant le coeur d’un foetus.
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10. Appareil de diagnostic a ultrasons selon la revendi-

1.

cation 1,

I'unité de définition (28) étant une unité avec laquelle
un utilisateur désigne une coordonnée sur 'image a
ultrasons.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1,

comprenant en outre un écran (22) qui affiche 'ima-
ge a ultrasons, une pluralité de marqueurs de point
d’observation (A a F, H, ) affichés d’'une maniére
combinée avec l'image a ultrasons, la pluralité de
formes d’'onde de déplacement (L1, L2, L3, L4) et
des informations indiquant la différence de temps de
mouvement (M1, M2, M3).
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