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(52)

(57) ABSTRACT

An ultrasonic diagnostic apparatus includes a displacement
measuring unit, a motor information measuring unit, a com-
parison parameter calculation unit and a parameter image
data generating unit. The displacement measuring unit two-
dimensionally measures displacements of a myocardial tissue
in pieces of ultrasonic image data adjacent in time direction.
The motor information measuring unit measures strains and
strain rates of the myocardial tissue based on the displace-
ments as motor information. The comparison parameter cal-
culation unit calculates comparison parameters based on the
strain rates, or the strains and strain rates. The parameter
image data generating unit generates parameter image data
using the comparison parameters.
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ULTRASONIC DIAGNOSTIC APPARATUS,
IMAGE DATA GENERATING APPARATUS,
ULTRASONIC DIAGNOSTIC METHOD AND
IMAGE DATA GENERATING METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus, an image data generating apparatus, an
ultrasonic diagnostic method and an image data generating
method, and more particularly, to an ultrasonic diagnostic
apparatus, an image data generating apparatus, an ultrasonic
diagnostic method and an image data generating method
which generate parameter image data useful for heart func-
tion examination based on time series pieces of ultrasonic
image data obtained from an object to which stress echo
method is applied.

[0003] 2. Description of the Related Art

[0004] An ultrasonic diagnostic apparatus radiates ultra-
sonic pulses generated from transducers built in an ultrasonic
probe in an object, receives ultrasonic reflected waves gener-
ated by a difference of acoustic impedance in an object tissue
with the transducers and displays the received reflected waves
on a monitor. This diagnostic method is used in a shape
diagnostic and a functional diagnostic of biological organs
widely since a real-time two-dimensional image is observed
easily with a simple operation to contact an ultrasonic probe
with surface of'a body only (see, for example, Japanese Patent
Application (Laid-Open) No. 2005-130877).

[0005] The ultrasonic diagnostic method for obtaining bio-
logical information by reflected waves from intravital tissues
or blood cells makes a rapid advance by two landmark tech-
nological developments which are ultrasonic pulse echo
method and ultrasonic Doppler method, and a B mode image
and a color Doppler image obtained by using the technology
mentioned above are necessary for ultrasonic image diagnos-
tic today.

[0006] In cardiac functional diagnostic, a method for esti-
mating myocardial motor function using ultrasonic image
data acquired under a condition to provide a motor load or a
drug load to a patient (hereinafter referred to an object),
so-called “stress echo method” is performed widely. In the
stress echo method, a method for acquiring B mode image
data and color Doppler image data, for example, in time order
with changing a load size sequentially based on a stress echo
protocol set in advance and displaying pieces of image data
obtained under different load states in synchronized with
heartbeat is performed generally.

[0007] Further, TDI (Tissue Doppler Imaging) method for
displaying a moving velocity of a myocardial tissue two-
dimensionally by applying the above-mentioned color Dop-
pler method and strain imaging method for two-dimension-
ally displaying a strain amount measured based on moving
velocity information and displacement information of' a myo-
cardial tissue obtained by pattern matching to the B mode
image data, with overlaying B mode image data and the like,
are developed. In addition, a method for estimating myocar-
dial motor function by displaying comparison parameters
obtained by comparing two-dimensional strain data acquired
from an object before a load to two-dimensional strain data
acquired from the object in or after the load as image data
(hereinafter referred to parameter image data) is proposed
(see, for example, Japanese Patent Application (Laid-Open)
No. 2006-26151).
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[0008] In the conventional cardiac functional diagnostic,
estimation of motor function in a cardiac systole (systolic
ability) is emphasized specifically, and strain amount (“a
strain”’) measurement of a myocardial tissue aimed at estima-
tion of a systolic ability is proposed. To the contrary, recently,
it proves to be possible to make more early diagnosis of a
heart disease by estimation of motor function in a cardiac
diastole (extension ability), and it is considered that measure-
ment of “a strain rate” obtained by differentiating “a local
strain” of a myocardial tissue in a time direction is efficient for
estimation of extension ability.

[0009] In this context, according to the above-mentioned
method described on Japanese Patent Application (Laid-
Open) No. 2006-26151, displaying comparison parameters
showing “strain” variations of a myocardial tissue before a
load and in or after the load as two-dimensional image data
makes it possible to estimate cardiac systolic ability quanti-
tatively and with a high accuracy. On the contrary, there is a
problem that it is not necessarily enough to estimate of exten-
sion ability aimed at more early diagnosis.

SUMMARY OF THE INVENTION

[0010] The present invention has been made in light of the
conventional situations, and it is an object of the present
invention to provide an ultrasonic diagnostic apparatus, an
image data generating apparatus, an ultrasonic diagnostic
method and an image data generating method which can
estimate extension ability of a heart quantitatively with a high
accuracy based on parameter image data generated by using
comparison parameters calculated by comparing “stain rates”
in different load states and obtained from a myocardial tissue
of an object to which stress echo method is applied.

[0011] The present invention provides an ultrasonic diag-
nostic apparatus which generates parameter image data use-
ful for functional diagnosis of a myocardial tissue based on
time series pieces of ultrasonic image data obtained by trans-
mitting and receiving ultrasonic waves to and from an object
to which plural mutually different motor or drug loads are
sequentially given, the apparatus comprising: a displacement
measuring unit configured to two-dimensionally measure dis-
placements of a myocardial tissue in pieces of ultrasonic
image data adjacent in time direction; a motor information
measuring unit configured to measure strains and strain rates
of the myocardial tissue based on the displacements as motor
information; a comparison parameter calculation unit config-
ured to calculate comparison parameters based on the strain
rates, or the strains and strain rates; and a parameter image
data generating unit configured to generate parameter image
data using the comparison parameters, in an aspect to achieve
the object.

[0012] The present invention also provides an image data
generating apparatus which generates parameter image data
useful for functional diagnosis of a myocardial tissue based
on time series pieces of ultrasonic image data obtained by
transmitting and receiving ultrasonic waves to and from an
object to which plural mutually different motor or drug loads
are sequentially given, the apparatus comprising: an ultra-
sonic image data storing unit configured to store the time
series pieces of the ultrasonic image data together with infor-
mation regarding cardiac time phase and information regard-
ing load state; a displacement measuring unit configured to
two-dimensionally measure displacements of a myocardial
tissue in pieces of ultrasonic image data adjacent in time
direction, read from said ultrasonic image data storing unit; a
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motor information measuring unit configured to measure
strains and strain rates of the myocardial tissue based on the
displacements as motor information; a comparison parameter
calculation unit configured to calculate comparison param-
eters based on the strain rates, or the strains and strain rates;
and a parameter image data generating unit configured to
generate parameter image data using the comparison param-
eters, in an aspect to achieve the object.

[0013] The present invention also provides an ultrasonic
diagnostic method for generating parameter image data use-
ful for functional diagnosis of a myocardial tissue based on
time series pieces of ultrasonic image data obtained by trans-
mitting and receiving ultrasonic waves to and from an object
to which plural mutually different motor or drug loads are
sequentially given, the method comprising: two-dimension-
ally measuring displacements of a myocardial tissue in pieces
ofultrasonic image data adjacent in time direction; measuring
strains and strain rates of the myocardial tissue based on the
displacements as motor information; calculating comparison
parameters based on the strain rates, or the strains and strain
rates; and generating parameter image data using the com-
parison parameters, in an aspect to achieve the object.
[0014] The present invention also provides an image data
generating method for generating parameter image data use-
ful for functional diagnosis of a myocardial tissue based on
time series pieces of ultrasonic image data obtained by trans-
mitting and receiving ultrasonic waves to and from an object
to which plural mutually different motor or drug loads are
sequentially given, the method comprising: storing the time
series pieces of the ultrasonic image data together with infor-
mation regarding cardiac time phase and information regard-
ing load state; two-dimensionally measuring displacements
of a myocardial tissue in pieces of ultrasonic image data
adjacent in time direction, read from the stored ultrasonic
image data; measuring strains and strain rates of the myocar-
dial tissue based on the displacements as motor information;
calculating comparison parameters based on the strain rates,
orthe strains and strain rates; and generating parameter image
data using the comparison parameters, in an aspect to achieve
the object.

[0015] The present invention as described above makes it
possible to estimate extension ability of a heart quantitatively
with a high accuracy based on parameter image data gener-
ated by using comparison parameters calculated by compar-
ing “stain rates” in different load states and obtained from a
myocardial tissue of an object to which stress echo method is
applied.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the accompanying drawings:

[0017] FIG. 1 is a block diagram showing an overall con-
figuration of an ultrasonic diagnostic apparatus according to
the first embodiment of the present invention;

[0018] FIG. 2 is a diagram showing an example of motor
loads and drug loads given to an object to which stress echo
method is applied;

[0019] FIG. 3 is a block diagram showing a concrete con-
figuration of the transmission/reception system and the ultra-
sonic image data generating unit included in the ultrasonic
diagnostic apparatus according to the first embodiment of the
present invention;

[0020] FIG. 4 is a diagram explaining tracking processing
of a myocardial tissue by cross correlation calculation in the
first embodiment;
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[0021] FIG. 5is a diagram showing a diastole of a heart set
based on an ECG wave in the first embodiment;

[0022] FIG. 6 is a flowchart showing a procedure for dis-
playing parameter image data in the first embodiment;
[0023] FIG. 7 is a block diagram showing an overall con-
figuration of an ultrasonic diagnostic apparatus according to
the second embodiment of the present invention;

[0024] FIG. 8 is a block diagram showing a concrete con-
figuration of the comparison parameter calculation unit
included in the ultrasonic diagnostic apparatus according to
the second embodiment;

[0025] FIG. 9 is a diagram showing a concrete example of
segmented regions and regions of interest set in a myocardial
tissue on a cardiac short axis image in the second embodi-
ment;

[0026] FIG. 10 is a diagram showing parameter image data
in case where segmented regions are set ina myocardial tissue
on a cardiac short axis image in the second embodiment;
[0027] FIG. 11 is a flowchart showing a procedure for dis-
playing parameter image data in the second embodiment;
[0028] FIG. 12 is a block diagram showing an overall con-
figuration of an image data generating apparatus according to
the second embodiment of the present invention; and

[0029] FIG. 13 is a flowchart showing a procedure for dis-
playing parameter image data in the third embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] Embodiments according to the present invention
will now be described below with reference to drawings.

1. First Embodiment

[0031] Inthe first embodiment described below, time series
pieces of B mode image data are generated by transmitting
and receiving ultrasonic waves to and from an object to which
plural mutually different motor loads are sequentially given,
and subsequently displacements of a myocardial tissue are
two-dimensionally measured by tracking processing with
pattern matching of the pieces of B mode image data. Then,
“strains” and “strain rates” of the myocardial tissue are mea-
sured based on a spatial gradient and a time variation of the
displacements. Furthermore, the maximum strains and the
maximum strain rates are extracted from time series strains
and strain rates measured based on B mode image data in a
diastole. Then, comparison parameters are calculated using
the two-dimensional maximum strains and maximum strain
rates extracted with regard to the mutually different two
motor loads and comparison image data is generated based on
the obtained comparison parameters.

[0032] Note that, in the following embodiment, acquiring B
mode image data as ultrasonic image data with regard to an
object provided a motor load and generating desired param-
eter image data based on the B mode image data will be
described. The object may be also provided a drug load
instead of a motor load and acquiring tissue Doppler image
data and/or color Doppler image data under the color Doppler
method as ultrasonic image data is also possible.

(Configuration of Apparatus)

[0033] A configuration of an ultrasonic diagnostic appara-
tus according to the first embodiment of the present invention
and fundamental operation of each unit of the apparatus will
be described with reference to FIGS. 1 to 5. FIG. 1 is a block
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diagram showing an overall configuration of the ultrasonic
diagnostic apparatus according to the present embodiment.
FIG. 3 is a block diagram showing a concrete configuration of
a transmission/reception system and an ultrasonic image data
generating unit included in the ultrasonic diagnostic appara-
tus.

[0034] An ultrasonic diagnostic apparatus 200 according to
the present embodiment shown in FIG. 1 includes an ultra-
sonic probe 3, a transmission/reception system 2, an ultra-
sonic image data generating unit 4 and an ultrasonic image
data storage unit 5. The ultrasonic probe 3 has plural trans-
ducers each configured to transmit an ultrasonic pulse (a
transmission ultrasonic wave) to an object of which a load
state by motor load (hereinafter referred to a load phase) is
updated sequentially, and convert an ultrasonic reflected
wave (a reception ultrasonic wave) acquired from the object
into an electric signal (a reception signal). The transmission/
reception system 2 is configured to supply drive signals, to the
transducers of the ultrasonic probe 3, for transmitting ultra-
sonic pulses toward a predetermined direction in the object,
and to phase and add reception signals respectively corre-
sponding to plural channels, obtained from the transducers.
The uvltrasonic image data generating unit 4 is configured to
perform signal processing of the phased and added reception
signals to generate B mode image data. The ultrasonic image
data storage unit 5 is configured to add information regarding
load phase and cardiac time phase information of a diastole or
a systole supplied from the after-mentioned cardiac time
phase detection unit 17 to the time-series B mode image data
outputted from the ultrasonic image data generating unit 4
and to store the time-series B mode image data.

[0035] The ultrasonic diagnostic apparatus 200 also
includes a displacement measuring unit 6, a motor informa-
tion measuring unit 7, a motor information storage unit 8 and
a comparison parameter calculation unit 10. The displace-
ment measuring unit 6 is configured to measure local dis-
placements of myocardial tissue on the respective time-series
pieces of B mode data supplied from the ultrasonic image data
storage unit 5. The motor information measuring unit 7 is
configured to measure “strains” and “strain rates” of the myo-
cardial tissue as motor information based on spatial gradients
and temporal variations of the above-mentioned displace-
ments. The motor information storage unit 8 is configured to
add the load phase information and the cardiac time phase
information to the above-mentioned motor information
acquired two-dimensionally with corresponding to the
respective time-series pieces of the B mode image data and to
store the motor information. The comparison parameter cal-
culation unit 10 is configured to extract “the maximum strain”
and “the maximum strain rate” each representing the maxi-
mum value or the minimum value from time-series “strains”
and “strain rates” at a predetermined portion during a diastole
in each of the first load phase (load phase ni) and the second
load phase (load phase nj) read from the motor information
storage unit 8, and to calculate a comparison parameter based
on “the maximum strain” and “the maximum strain rate”.

[0036] The ultrasonic diagnostic apparatus 200 also
includes a parameter image data generating unit 11, a display
data generating unit 13, a display unit 14, an input system 15,
a bio-signal measuring unit 16, the cardiac time phase detec-
tion unit 17 and a system control unit 18. The parameter
image data generating unit 11 is configured to generate
parameter image data based on a comparison parameter cal-
culated by the above-mentioned comparison parameter cal-
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culation unit 10. The display data generating unit 13 is con-
figured to generate display data by overlaying the B mode
image data with the parameter image data. The display unit 14
is configured to display the obtained display data. The input
system 15 is configured to perform inputting of object infor-
mation, setting of respective conditions for generating ultra-
sonic image data, parameter image data and display data,
selection of a load phase ni and a load phase nj, selection of
estimation function of extension ability, inputting of various
command signals and the like. The bio-signal measuring unit
16 is configured to measure an ECG wave form of an object.
The cardiac time phase detection unit 17 is configured to
detect a cardiac time phase during a diastole or a systole using
an R wave on an ECG wave form as a reference. The system
control unit 18 is configured to overall-control the above-
mentioned respective units.

[0037] Here, a concrete example of motor loads and drug
loads given to a normal object under the stress echo method is
shown in FIG. 2. As phases of motor load, for example, a load
phase 1 before a load, a load phase 2 in the maximum load,
and a load phase 3 after a load which is convalescent are set in
advance as a protocol for the stress echo method. As phases of
drug load, a load phase 1 before aload, a load phase 2 to a load
phase 5 administered 10 y to 40 y of drug (for example
dobutamine) sequentially, and a load phase 6 after a load
which is convalescent are set.

[0038] Then, in the stress echo method by motor load, a
method for generating parameter image data based on a com-
parison result between motor information measured in the
load phase 1 before load and motor information measured in
the load phase 2 is performed generally. In the present
embodiment hereinafter described, the case that the load
phase 1 by motor load is the load phase ni and the load phase
2 is theload phase nj will be described, however, is not limited
to.

[0039] Then, the above-mentioned respective units
included in the ultrasonic diagnostic apparatus 200 according
to the present embodiment will be described in further detail.
[0040] The ultrasonic probe 3 in FIG. 1 is configured to
have two-dimensionally arrayed M transducers not shown in
the figure at the tip part and transmit and receive ultrasonic
waves with contacting the tip part with surface of an object
body. Each transducer is an electroacoustic conversion ele-
ment and has a function to convert an electric pulse (a drive
signal) into an ultrasonic pulse (a transmission ultrasonic
wave) at the time of transmission and to convert an ultrasonic
reflected wave (a reception ultrasonic wave) into an electric
reception signal at the time of reception. Then, the respective
transducers are connected with the transmission/reception
system 2 through M channels of multicore cables not shown
in the figure. Note that, in the present embodiment, a case of
using the ultrasonic probe 3 of which M transducers are
arranged one-dimensionally for a sector scan will be
described. An ultrasonic probe corresponding to a scan such
as a linear scan and a convex scan may be used.

[0041] The transmission/reception system 2 shown in FIG.
3 includes a transmission unit 21 and a reception unit 22. The
transmission unit 21 is configured to supply drive signals to
the transducers of the ultrasonic probe 3. The reception unit
22 is configured to phase and add the reception signals
obtained from the transducers.

[0042] The transmission unit 21 includes a rate pulse gen-
erator 211, a transmission delay circuit 212 and a pulser 213.
The rate pulse generator 211 is configured to generate a rate
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pulse to determine a repetition period of a transmission ultra-
sonic wave and to supply the rate pulse to the transmission
delay circuit 212. The transmission delay circuit 212 includes
Mt transducers used for transmission and the same number of
the independent delay circuits and is configured to provide a
delay time for focus for focusing a transmission ultrasonic
wave on a predetermined depth and a delay time for deflection
for transmission toward a predetermined direction 6p to each
rate pulse and to supply the rate pulse to the pulser 213. The
pulser 213 has the same number of independent pulsers as that
of the transmission delay circuit 212 and is configured to
drive Mt (Mt=M) transducers, selected from the M transduc-
ers arranged in the ultrasonic probe 3 as for transmission, with
the drive signals generated based on the rate pulse and to
radiate a transmission ultrasonic waves in the body of the
object.

[0043] Meanwhile, the reception unit 22 includes Mr chan-
nels of A/D converters 221 and reception delay circuits 222,
corresponding to Mr (Mr=M) transducers selected from the
M transducers integrated into the ultrasonic probe 3 as for
reception, and an adder 223. The Mr channels of reception
signals supplied from the transducers for reception are con-
verted into digital signals in the A/D converters 221 and
transmitted to the reception delay circuits 222.

[0044] The reception delay circuits 222 are configured to
provide delay times for focus for focusing a reception ultra-
sonic wave from a predetermined depth and delay times for
deflection for setting reception directionality to a predeter-
mined direction Op to the respective Mr channels of reception
signals outputted from the A/D converters 221. The adder 223
is configured to add the reception signals from the reception
delay circuits 222. That is, the reception signals obtained
from the predetermined direction are phased and added by the
reception delay circuits 222 and the adder 223.

[0045] The ultrasonic image data generating unit 4 has a
function to perform signal processing of the phased and
added reception signal outputted from the adder 223 in the
reception unit 22 to generate B mode image data. The ultra-
sonic image data generating unit 4 includes a envelop detector
41, a logarithmic transformer 42 and an ultrasonic data stor-
age 43. The envelope detector 41 is configured to perform
envelop detection of the reception signal. The logarithmic
transformer 42 is configured to perform logarithmic transfor-
mation of the reception signal after the envelop detection to
generate B mode data. The ultrasonic data storage 43 is con-
figured to generate two-dimensional B mode image data as
ultrasonic image data by storing the obtained B mode data
with corresponding to a direction of ultrasonic wave trans-
mission/reception. Note that, the order of the envelop detector
41 and the logarithmic transformer 42 can be replaced. Then,
time-series pieces of B mode image data, corresponding to
respective load phases, generated in the ultrasonic image data
generating unit 4 are stored in the ultrasonic image data
storage unit 5 shown in FIG. 1 with adding information
regarding load phase supplied from the system control unit 18
and cardiac time phase information of a diastole or a systole
supplied from the cardiac time phase detection unit 17 as
incidental information.

[0046] Meanwhile, the displacement measuring unit 6
shown in FIG. 1 is configured to perform tracking processing
by pattern matching between two pieces of the B mode image
data mutually adjacent in the time direction (that is, the B
mode image data A1 acquired at a reference time t0 and the B
mode image data A2 acquired at a time t0+dT) from the
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time-series pieces of the B mode image data stored in the
ultrasonic image data storage unit 5 to measure a movement
distance (displacement) at the time 8T of a myocardial tissue
shown in the B mode image data.

[0047] For example, plural interest points are set at prede-
termined intervals in a myocardial tissue area of the B mode
image data Al preceding in time, in addition, two-dimen-
sional correlation regions of which centers are the respective
interest points are set. Then, cross-correlation calculation
between corresponding pixels is performed with relatively
moving image information (template) on each correlation
region to the B mode image data A2 following the B mode
image data Al. Further, a local displacement of the myocar-
dial tissue shown by an interest point is measured by detecting
a moving direction and a movement distance of the interest
point so that a correlation value becomes max. Similar mea-
surements are performed with regard to other interest points
set in the B mode image data A1, in addition, performed with
regard to plural respective pieces of B mode image data
following the B mode image data A2.

[0048] The tracking processing of a myocardial tissue by
cross-correlation calculation will be explained more pre-
cisely using FIG. 4. The interest point Cg shown in FIG. 4(a)
is one of plural interest points set at predetermined intervals in
amyocardial tissue area of the B mode image data A1. When
a pixel value of a template Tg, having the predetermined
number No. (No.=PxQy) of pixels, with, of which the interest
point Cg is center is denoted as f1(px, qy), and a pixel value
of the B mode image data A2 is denoted as f2(px, qy), a
displacement of the myocardial tissue, after the time 8T,
corresponding to a interest point Cg in the B mode image data
Al canbe measured by calculating the cross-correlation coef-
ficient y12 (k, s) with the following expression (1).

vi2lk, $) = 69]
1 Px Oy o o
—— ;1 qul (FL(px, gy) = FD(F2Upx + k, gy +5) = 2)
o 1 Px Oy
=550, 2, vy
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f2=— 2 k
f NO;lq;lf (px+k, gy +s)

x:

1 Px Qy _,
ot =552 2 Flpr g - 7D
P=1gy=1

(F2(px, ) - 72

No = PxQy

[0049] Note that, the above-mentioned Px and Qy denote
the numbers of pixels of the template Tg in the px direction
and the qy direction respectively, and the interest point Cg set
in the B mode image data A1 normally locates in the nearly
center of the template Tg. In case that y12 (k, s) has a maxi-
mum value when k=k1 (FIG. 4 (b) reference) and s=s1 (not
shown) by the cross-correlation calculation, it is represented
that the local myocardial tissue shown as the interest point Cg
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of the B mode image data A1 is displaced by k1 pixels in the
px direction and by s1 pixels in the qy direction respectively
in the B mode image data A2.

[0050] The tracking processing mentioned above is per-
formed with regard to all interest points set in the myocardial
tissue area of the B mode image data A1 and the displace-
ments in the B mode image data A2 of the local myocardial
tissue areas indicated by the respective interest points are
measured. In addition, the similar tracking processing of
respective plural pieces of the B mode image data following
the B mode image data A2 is performed and the displace-
ments of the myocardial tissue in the pieces of the B mode
image data are measured.

[0051] Back to FIG. 1, the motor information measuring
unit 7 is configured to measure local “strains” based on spatial
gradients of the displacement amounts at the plural interest
points measured in the displacement measuring unit 6, more-
over, to measure “strain rates” based on temporal variations
(that is, differential values in the time direction) of the
“strains” measured with regard to the respective time-series
pieces of B mode image data. Then, motor information
including the time-series “strains” and “strain rates” mea-
sured at the respective plural interest points set in the myo-
cardial tissue area is stored in the motor information storage
unit 8 with the cardiac time phase information and the load
phase information added to the B mode image data as inci-
dental information. That is, the motor information of two-
dimensional “strains” and “strain rates” measured in time-
series in plural load phases is stored together with the cardiac
time phase information and the load phase information in the
motor information storage unit 8.

[0052] Meanwhile, the comparison parameter calculation
unit 10 includes a maximum value extracting part and a cal-
culation part to be not shown in the figure. The maximum
value extracting part is configured to extract the time-series
“strain rates” SR(i, t, X, y) and SR(j, t, X, y) appending cardiac
time phase information corresponding to arbitrary periods
during a diastole and information indicating either load phase
ni or load phase nj as incidental information and the time-
series “strains” S(j, t, X, y) appending cardiac time phase
information corresponding to arbitrary periods during a dias-
tole and information indicating the load phase nj as incidental
information from the motor information stored in the motor
information storage unit 8, based on information for selecting
the load phase ni and the load phase nj (that is, the load phase
1 and the load phase 2 by a motor load) supplied from the
input system 15 and information for applying estimation
function of extension ability.

[0053] Then, the maximum value extracting part is config-
ured to extract “the maximum strain rates” SRmax(i, X, y) and
“the maximum strain rates” SRmax(j, X, y) and “the maxi-
mum strains” Smax(j, X, y) each representing the maximum
value or the minimum value in the time direction, from the
respective time-series “strain rates” SR(j, t, X, y) and “strain
rates” SR(j, t, X, y) and “strains” S(j, t, X, y) measured at the
interest points Cg(x, y).

[0054] Meanwhile, the calculation part is configured to cal-
culate comparison parameters K1(x, y) to K3(x, y) by substi-
tuting the above-mentioned “maximum strain rates” SRmax
(1, x, y) and “maximum strain rates” SRmax(j, x, y) and
“maximum strains” Smax(j, x, y) into the following expres-
sion (2).
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Klxy) = Smax(j, x, y)-SRmax(j, x, y) 2)

SRmax(i, x, y)
K2(x, y) = Smax(j, x, ¥)- {SRmax(j, x, y) — SRmax(i, x, y)}

Smax(/, x, y)-{SRmax(j, X, y) - SRmax(i, x, )}
K3(x, y) =

SRmax(i, x, y)

[0055] The parameter image data generating unit 11 is con-
figured to generate parameter image data using either of the
above-mentioned comparison parameters K1(x, y)to K3(x,y)
calculated two-dimensionally by the comparison parameter
calculation unit 10.

[0056] The display data generating unit 13 is configured to
perform color transformation of pixel values (comparison
parameters) of parameter image data, supplied from the
parameter image data generating unit 11, based on a pixel
value-color transformation format set preliminarily, in addi-
tion, to generate display data by overlaying comparison
parameter image data after the color transformation with B
mode image data supplied from the ultrasonic image data
storage unit 5. In this case, the display data generating unit 13
is configured to compare each of the two-dimensional “maxi-
mum strains” Smax(j, X, y) supplied from the comparison
parameter calculation unit 10 with a predetermined threshold
supplied from the input system 15 and to perform color trans-
formation of a pixel value, of the parameter image data,
corresponding to “the maximum strain” Smax(j, X, y) more
than the threshold, based on a predetermined pixel value-
color transformation format. In addition, the display data
generating unit 13 is configured to transform a pixel value, of
the parameter image data, corresponding to “the maximum
strain” Smax(j, X, y) not more than the threshold, based on
another different pixel value-color transformation format.
[0057] The display unit 14 includes a data transformation
part and a monitor to be not shown in the figure. The data
transformation part is configured to perform D/A transforma-
tion and display format transformation of the above-men-
tioned display data supplied from the display data generating
unit 13 and to display the transformed data on the monitor. For
example, each pixel showing “the maximum strain” more
than the predetermined threshold and of which sign is plus (+)
is displayed in warm colors such as red while each pixel of
which sign is minus (=) is displayed in cold colors such as
blue, by the display data generating unit 13 and the display
unit 14. Each absolute value of the pixel values is identified by
luminance/brightness/color phase and the like. Meanwhile,
for example, each pixel showing “the maximum strain” not
more than the threshold and of which sign is minus (-) is
displayed in purple. By applying the display method men-
tioned above, a healthy portion in a myocardial tissue is
displayed in warm colors, an extension ability depression
portion due to a mild or moderate ischemia and the like is
displayed in cold colors and a contractional ability depression
portion due to a severe ischemia, total necrosis and the like is
displayed in purple.

[0058] Theinputsystem 15 is an interactive interface which
includes input devices such as a display panel, a keyboard,
various switches, selection buttons, a mouse and a trackball.
The input system 15 includes a load phase selection unit 151
and an interest point setting unit 152. The load phase selection
unit 151 is configured to select desired load phase ni and load
phase nj from plural load phases. The interest point setting



US 2009/0112088 A1

unit 152 is configured to set interest points at predetermined
intervals in a myocardial tissue. Inputting of object informa-
tion, setting of respective conditions for generating ultrasonic
image data, parameter image data and display data, selection
of estimation function of extension ability, setting of respec-
tive thresholds to “the maximum strain” and an ECG wave
form, inputting of various command signals and the like are
also performed using the above-mentioned input devices and/
or display panel included in the input system 15.

[0059] The biosignal measuring unit 16 has a function to
measure an ECG waveform of an object. The biosignal mea-
suring unit 16 includes an electrode for measurement which is
placed on body surface of an object and detects an ECG
waveform, an amplifier circuit configured to amplify the ECG
waveform detected by the electrode for measurement to a
predetermined amplitude and an A/D converter configured to
convert the amplified ECG waveform into a digital signal (all
of them are not shown in the figure).

[0060] Then, as shown in FIG. 5 with scheme, the cardiac
time phase detection unit 17 is configured to set a predeter-
mined thresholds Th1 and Th2 to an ECG waveform Ec after
A/D conversion supplied from the biosignal measuring unit
16 to detect an R wave and a T wave, in addition, to detect
cardiac time phases during a systole from an R wave to a T
wave and a diastole from a T wave to an R wave. Then, the
cardiac time phase information is added to the time-series
pieces of B mode image data generated in the ultrasonic
image data generating unit 4, together with the load phase
information supplied from the system control unit 18, and
stored in the ultrasonic image data storage unit S.

[0061] The system control unit 18 includes a CPU and a
storage circuit to be not shown in the figure. Information
regarding various settings/selecting conditions from the input
system 15 is stored in the above-mentioned storage circuit.
Then, the CPU is configured to overall-control respective
units in the ultrasonic diagnostic apparatus 200 based on the
above-mentioned information stored in the storage circuit, to
generate the B mode image data and the parameter image data
and to generate and display the display data based on the B
mode image data and the parameter image data.

(Procedure for Displaying Parameter Image Data)

[0062] Then, a procedure for displaying parameter image
data in the present embodiment will be described with refer-
ence to the flowchart on FIG. 6.

[0063] Prior to generating parameter image data, an opera-
tor of the ultrasonic diagnostic apparatus 200 places the elec-
trode for measurement included in the biosignal measuring
unit 16 on a predetermined portion of an object in a static state
(the load phase 1 by motor load) after inputting of object
information, selection of B mode image data as ultrasonic
image data, setting of respective conditions for generating
ultrasonic image data, parameter image data and display data,
selection of estimations function of extension ability, setting
ofthresholds to “the maximum strain” and an ECG waveform
and the like with the input system 15 (step S1 in FIG. 6).
[0064] When the above-mentioned initial setting is com-
pleted, the operator inputs a measuring start command of
motor information from the input system 15 with fixing the tip
(ultrasonic wave transmission/reception surface) of the ultra-
sonic probe 3 on body surface of the object in the load phase
1 (before load). Then, motor information measurement of a
myocardial tissue with using B mode image data starts by
supplying the command signal to the system control unit 18.
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[0065] In acquiring the B mode image data corresponding
to the load phase 1, the rate pulse generator 211 in the trans-
mission unit 21 shown in FIG. 3 generates rate pulses by
dividing a reference signal supplied from the system control
unit 18 and to supply the rate pulses to the transmission delay
circuits 212. The transmission delay circuits 212 provide
delay times for focus for focusing an ultrasonic wave to a
predetermined depth and delay times for deflecting for trans-
mitting the ultrasonic wave in the initial transmission/recep-
tion direction 01 to the rate pulses and supply the rate pulses
to the Mt channels of the pulsers 213. Subsequently, the
pulsers 213 generate drive signals based on the rate pulses
supplied from the transmission delay circuits 212 and supply
the drive signals to the Mt transducers for transmission of the
ultrasonic probe 3 to radiate a transmission ultrasonic wave in
the object.

[0066] A part of the radiated transmission ultrasonic wave
is reflected at an organ interface or a tissue of the object
having a different acoustic impedance and received by the Mr
transducers for reception set in the ultrasonic probe 3 to be
converted into the Mr channels of electronic reception sig-
nals. Subsequently, the reception signals are converted into
digital signals in the A/D converter 221 included in the recep-
tion unit 22. Additionally, delay times for focus for focusing
the reception ultrasonic wave from the predetermined depth
and delay times for deflection for setting large reception
directionality to the reception ultrasonic wave from the trans-
mission/reception direction 61 are given to the digital recep-
tion signals in the Mr channels of the reception delay circuits
222. Subsequently, the digital reception signals are phased
and mutually added in the adder 223.

[0067] Then, the envelope detector 41 and the logarithmic
transformer 42 in the ultrasonic image data generating unit 4,
to which the phased and added reception signal is supplied,
perform envelop detection and logarithmic transformation of
the reception signal to generate B mode data respectively. The
obtained B mode data is stored in the ultrasonic data storage
43 with corresponding to the transmission/reception direc-
tion.

[0068] When generation and storage of the B mode data
corresponding to the transmission/reception direction 01 are
completed, the system control unit 18 controls the delay times
for the transmission delay circuit 212 included in the trans-
mission unit 21 and for the reception delay circuit 222
included in the reception unit 22 so as to perform a two-
dimensional scan by transmitting and receiving an ultrasonic
wave to and from each of respective transmission/reception
directions 8p (6p=01+(p-1)A0(p=2~P) obtained by sequen-
tially updating the transmission/reception direction in the 6
direction by A8, with the similar procedure. Then, the pieces
of B mode data obtained with regard to the transmission/
reception directions are also stored in the ultrasonic data
storage 43 with corresponding to the transmission/reception
directions respectively. That is, the initial pieces of the B
mode image data is generated in the ultrasonic data storage
43, in addition, the time-series pieces of the B mode image
data generated by repeating the above-mentioned two-dimen-
sional scan are supplied to the ultrasonic image data storage
unit 5.

[0069] On the other hands, the cardiac time phase detection
unit 17 sets predetermined thresholds on the ECG waveform,
after A/D conversion, supplied from the biosignal measuring
unit 16 to detect an R wave and a T wave, moreover, and detect
a cardiac time phase during a systole from an R waveto a T
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wave and a cardiac time phase during a diastole from a T wave
to an R wave. Then, the pieces of cardiac time phase infor-
mation are supplied to the ultrasonic image data storage unit
5.

[0070] The ultrasonic image data storage unit 5 adds the
cardiac time phase information supplied from the cardiac
time phase detection unit 17 and information regarding the
load phase 1 supplied from the system control unit 18 to the
time-series pieces of B mode image data supplied from the
ultrasonic image data generating unit 4 and stores the time-
series pieces of B mode image data (step S2 in FIG. 6).
[0071] On the other hands, the displacement measuring
unit 6 sequentially extracts two pieces of B mode image data
adjacent in the time direction from the time-series pieces of B
mode image data stored in the ultrasonic image data storage
unit 5. In this time, the operator who observes the initial piece
of B mode image data displayed on the display unit 14
through the display data generating unit 13 sets plural interest
points Cg in a myocardial tissue area of the B mode image
data using the interest point setting unit 152 in the input
system 15. The displacement measuring unit 6 which
received the setting information performs tracking process-
ing by pattern matching with centering on respective interest
points Cg to measure movement distances (displacements) of
the myocardial tissue shown in the B mode image data (step
S3 in FIG. 6).

[0072] Subsequently, the motor information measuring
unit 7 measures local “strains” based on spatial gradients of
the two-dimensional displacements measured in the displace-
ment measuring unit 6 and measures “strain rates” based on
temporal variations of the “strains” measured with regard to
the respective time-series pieces of the B mode image data.
Then, the motor information measuring unit 7 adds the car-
diac time phase information and the load phase information
(the information regarding load phase 1), which are incidental
information of the B mode image data, to the motor informa-
tion including the time-series “strains” and “strain rates”
measured in the myocardial tissue area, and stores the infor-
mation in the motor information storage unit 8 (step S4 in
FIG. 6).

[0073] When generating and storing the piece of B mode
image data corresponding to the load phase 1 and measuring
and storing the motor information are completed, generating
and storing pieces of B mode image data and measuring and
storing pieces of motor information are performed to the
object in the load phase 2 and the load phase 3 with the similar
procedure (from step S2 to step S4 in FIG. 6).

[0074] When measuring and storing the pieces of motor
information corresponding to the load phases 1 to 3 by motor
load are completed, the operator selects a load phase ni and a
load phase nj (for example, the load phase 1 and the load
phase 2) necessary for generating parameter image data by
the load phase selection unit 151 included in the input system
15 (step S5 in FIG. 6). The comparison parameter calculation
unit 10 extracts time-series “strain rates” SR(i, t, X, y) and/or
“strain rates” SR(j, t, X, y) attaching cardiac time phase infor-
mation during an arbitrary period in a diastole and informa-
tion indicating either load phase ni or load phase nj as inci-
dental information and time-series “strains” S(j, t, X, y)
attaching the cardiac time phase information during the arbi-
trary period and information indicating the load phase nj as
incidental information from the pieces of motor information
stored in the motor information storage unit 8, based on
selecting information of the load phases and information
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selecting the estimation function of extension ability supplied
through the system control unit 18 (step S6 in FIG. 6).

[0075] Subsequently, the comparison parameter calcula-
tion unit 10 extracts “the maximum strain rates” SRmax(i, X,
y), “the maximum strain rates” SRmax(j, X, y) and “the maxi-
mum strains” Smax(j, X, y), each representing the maximum
value or the minimum value in the time direction, from the
respective time-series “strain rates” SR(i, t, X, y), “strain
rates” SR(j, t, X, y) and “strains” S(j, t, X, y) measured at the
plural interest points Cg (X, y) in the B mode image data.
Then, the comparison parameter calculation unit 10 calcu-
lates comparison parameters K1 (x, y) to K3(x, y) based on
“the maximum strain rates” and “the maximum strains” (step
S7inFIG. 6). Then, the parameter image data generating unit
11 generates parameter image data using at least one of the
above-mentioned comparison parameters K1(x, y) to K3 (x,
y) calculated two-dimensionally by the comparison param-
eter calculation unit 10 (step S8 in FIG. 6).

[0076] Meanwhile, the display data generating unit 13
compares each of the two-dimensional “maximum strains”
Smax(j, X, y) supplied from the comparison parameter calcu-
lation unit 10 to the predetermined threshold supplied from
the input system 15 and performs color transformation of
each pixel value (comparison parameter) of the parameter
image data corresponding to “the maximum strain” Smax (j,
X, y) more than the threshold, based on a predetermined pixel
value-color transformation format. Additionally, the display
data generating unit 13 transforms each pixel value of the
parameter image data corresponding to “the maximum
strain” Smax (j, X, y) not more than the threshold, based on
another different transformation format. Then, the display
data generating unit 13 generates display data by overlaying
the B mode image data supplied from the ultrasonic image
data storage unit 5 on the comparison parameter image data
after color transformation and displays the display data on the
monitor of the display unit 14 (step S9 in FIG. 6).

(Modification)

[0077] Note that, a case where the comparison parameter
calculation unit 10 calculates the comparison parameters K1
to K3 using “the maximum strain rates” SRmax(l, x, y) in the
load phase ni, and “the maximum strain rates” SRmax(j, X, y)
and “the maximum strains” Smax(j, X, y) in the load phase nj
was described in the above-mentioned embodiment. How-
ever, the comparison parameters K1 to K3 may be calculated
by substituting “the maximum strain rates” SRmax(l, X, y) in
the load phase ni and “the maximum strain rates” SRmax(j, x,
y) in the load phase nj in the following expression (3).

SRmax(j, x, y) 3

K, y) = SRmax(i, x, y)

K2(x, y) = SRmax(j, x, y) - SRmax(i, x, y)
SRmax(j, x, y) — SRmax(i, x, y)

K3(x, ) =
) SRmax(, ¥, y)

[0078] According to the first embodiment mentioned
above, a quantitative estimation with regard to extension abil-
ity of a myocardial tissue can be performed with high accu-
racy by generating parameter image data based on myocar-
dial local strain rate information, or strain rate information
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and strain information obtained in the load phase ni and the
load phase nj of the object to which a stress echo method is
applied.

[0079] Especially, since a comparison parameter is calcu-
lated using “the maximum strain rate” and “the maximum
strain” extracted from time-series “strain rates” and “strains”
and desired parameter image data is generated based on the
comparison parameter in the above-mentioned embodiment,
stable parameter image data can be obtained.

[0080] Further, a normal myocardial tissue and a myocar-
dial tissue with a decreased extension ability can be also
observed specifically and easily by performing color display
of parameter image data based on a pixel value-color trans-
formation format with a cold color and a warm color corre-
sponding to signs of the comparison parameters.

[0081] Additionally, it is possible to distinctly observe a
normal myocardial tissue, a myocardial tissue with a
decreased extension ability due to a mild or moderate
ischemia and the like and a myocardial tissue of which con-
tractile ability is decreased drastically due to a severe
ischemia, total necrosis and the like by performing color
display of each pixel value of parameter image data corre-
sponding to “the maximum strain” more than a predeter-
mined threshold, based on the above-mentioned pixel value-
color transformation format and of each pixel value of the
parameter image data corresponding to “the maximum
strain” not more than the threshold, based on another trans-
formation format with comparing the above-mentioned
“maximum strain” with the threshold.

2. Second Embodiment

[0082] Subsequently, the second embodiment of the
present invention will be described below. In the second
embodiment, time series pieces of B mode image data are
generated by transmitting and receiving ultrasonic waves to
and from an object to which plural mutually different motor
loads are sequentially given, and subsequently displacements
of a myocardial tissue are two-dimensionally measured by
tracking processing with pattern matching of the pieces of B
mode image data. Then, “strains” and “strain rates” of the
myocardial tissue are measured based on a spatial gradient
and a time variation of the displacements. Furthermore, the
maximum strains and the maximum strain rates are extracted
from time series strains and strain rates measured based on B
mode image data during an arbitrary period in a diastole.
Then, respective representing values of the maximum strain
and the maximum strain rate are set in each of plural segments
set in the two-dimensional maximum strains and maximum
strain rates extracted with regard to the mutually different two
motor loads. Then, comparison image data is generated using
comparison parameters calculated based on the respective
representing values.

(Configuration of Apparatus)

[0083] A configuration of an ultrasonic diagnostic appara-
tus according to the second embodiment of the present inven-
tion and fundamental operation of each unit of the apparatus
will be described with reference to FIGS. 7 t0 10. FIG. 7is a
block diagram showing an overall configuration of the ultra-
sonic diagnostic apparatus according to the present embodi-
ment. FIG. 8 is a block diagram showing a concrete configu-
ration of a comparison parameter calculation unit included in
the ultrasonic diagnostic apparatus. Note that, detail explana-
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tion of each unit shown in FIG. 7 having the same configura-
tion and function as that of the ultrasonic diagnostic apparatus
200 in the first embodiment shown in FIG. 1 is omitted with
attaching the same sign to the unit.

[0084] Anultrasonic diagnostic apparatus 300 according to
the present embodiment shown in FIG. 7 includes an ultra-
sonic probe 3, a transmission/reception system 2, an ultra-
sonic image data generating unit 4 and an ultrasonic image
data storage unit 5. The ultrasonic probe 3 has plural trans-
ducers each configured to transmit an ultrasonic pulse (a
transmission ultrasonic wave) to an object of which a load
phase by motor load is updated sequentially, and convert an
ultrasonic reflected wave (a reception ultrasonic wave)
acquired from the object into an electric signal (a reception
signal). The transmission/reception system 2 is configured to
supply drive signals, to the transducers of the ultrasonic probe
3, for transmitting ultrasonic pulses toward a predetermined
direction in the object, and to phase and add reception signals
respectively corresponding to plural channels, obtained from
the transducers. The ultrasonic image data generating unit 4 is
configured to perform signal processing of the phased and
added reception signals to generate B mode image data. The
ultrasonic image data storage unit 5 is configured to add
information regarding load phase and cardiac time phase
information of a diastole or a systole supplied from the car-
diac time phase detection unit 17 to the time-series B mode
image data outputted from the ultrasonic image data gener-
ating unit 4 and to store the time-series B mode image data.

[0085] The ultrasonic diagnostic apparatus 300 also
includes a displacement measuring unit 6, a motor informa-
tion measuring unit 7, a motor information storage unit 8 and
a comparison parameter calculation unit 10a. The displace-
ment measuring unit 6 is configured to measure local dis-
placements of myocardial tissue on the respective time-series
pieces of B mode data supplied from the ultrasonic image data
storage unit 5. The motor information measuring unit 7 is
configured to measure “strains” and “strain rates” of the myo-
cardial tissue as motor information based on spatial gradients
and temporal variations of the above-mentioned displace-
ments. The motor information storage unit 8 is configured to
add the load phase information and the cardiac time phase
information to the above-mentioned motor information
acquired two-dimensionally with corresponding to the
respective time-series pieces of the B mode image data and to
store the motor information. The comparison parameter cal-
culation unit 10a is configured to extract “the maximum
strain” and “the maximum strain rate” each representing the
maximum value or the minimum value from time-series
“strains” and “strain rates” at a predetermined portion during
an arbitrary period in a diastole in each of the first load phase
ni and the second load phase nj read from the motor informa-
tion storage unit 8, and to calculate comparison parameters
based on respective representing values of “the maximum
strain” and “the maximum strain rate” in each of plural seg-
ments set in the two-dimensional “maximum strains” and
“maximum strain rates”.

[0086] The ultrasonic diagnostic apparatus 300 also
includes a parameter image data generating unit 11, a motor
information image data generating unit 12, a display data
generating unit 13, a display unit 14, an input system 15q, a
bio-signal measuring unit 16, the cardiac time phase detection
unit 17 and a system control unit 18. The parameter image
data generating unit 11 is configured to generate parameter
image data based on a comparison parameter calculated by
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the above-mentioned comparison parameter calculation unit
10a. The motor information image data generating unit 12 is
configured to generate motor information image data using
the two-dimensional “maximum strains” and/or “maximum
strain rates” extracted by the comparison parameter calcula-
tion unit 10a. The display data generating unit 13 is config-
ured to generate display data by overlaying ultrasonic image
data with the parameter image data. The display unit 14 is
configured to display the display data and/or the motor infor-
mation image data. The input system 15 is configured to
perform inputting of object information, setting of respective
conditions for generating ultrasonic image data, parameter
image data and display data, selection of a load phase ni and
a load phase nj, selection of estimation function of extension
ability, setting of segmented regions, inputting of various
command signals and the like. The bio-signal measuring unit
16 is configured to measure an ECG wave form of an object.
The cardiac time phase detection unit 17 is configured to
detect a cardiac time phase during a diastole or a systole using
an R wave on an ECG wave form as a reference. The system
control unit 18 is configured to overall-control the above-
mentioned respective units.

[0087] Subsequently, a concrete configuration of the
above-mentioned comparison parameter calculation unit 10a
will be described with reference to FIG. 8. As shown in FIG.
8, the comparison parameter calculation unit 10a includes a
maximum value extracting part 101, a representing value
setting part 102 and a calculation part 103.

[0088] The maximum value extracting part 101 is config-
ured to extract time-series “strain rates” SR(i, t, X, y) and
“strain rates” SR(j, t, X, y) attaching information indicating
either the load phase ni or the load phase nj and cardiac time
phase information for an arbitrary period during a diastole as
incidental information and time-series “strains” S(j, t, X, y)
attaching information indicating the load phase nj and cardiac
time phase information for the arbitrary period as incidental
information, from the motor information stored in the motor
information storage unit 8, based on selection information of
the load phase ni and the load phase nj (that is, the load phase
1 and the load phase 2 by motor load) and selection informa-
tion of the estimation function of extension ability supplied
from the load phase selection unit 151 included in the input
system 15a.

[0089] Then, the maximum value extracting part 101 is
configured to extract “the maximum strain rates” SRmax(i, x,
y), “the maximum strain rates” SRmax(j, X, y) and “the maxi-
mum strains” Smax(j, X, y) each representing the maximum
value or the minimum value in the time direction from the
respective time-series “strain rates” SR(, t, X, y), “strain
rates” SR(j, t, X, y) and “strains” S(j, t, X, y) measured at the
interest points Cg(X, y).

[0090] The representing value setting part 102 is config-
ured to set plural segmented regions in each of the above-
mentioned two-dimensional “maximum strain rates” SRmax
(1, x, y), “maximum strain rates” SRmax(j, x, y) and
“maximum strains” Smax(j, X, y), based on setting informa-
tion of segmented regions supplied from the segment setting
unit 153 included in the input system 15a, and to set repre-
senting values (i.e., a representing value SRmax(i) of the
maximum strain rates SRmax(i, x, y), a representing value
SRmax(j) of the maximum strain rates SRmax(j, x, y) and a
representing value Smax(j) of the maximum strains Smax(j,
X, ¥)) of the plural “maximum strains” and “maximum strain
rates” included in the respective segmented regions.
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[0091] Specifically, respective average values or respective
median values (medians) of the two-dimensional “maximum
strains” and “maximum strain rates” included in each seg-
mented region are set as the above-mentioned representing
values. Then, the calculation part 103 is configured to calcu-
late common comparison parameters K11 to K13 with regard
to each segmented region by substituting the above-men-
tioned representing values set by the representing value set-
ting part 102 in the expression (4) or the expression (5)
hereinafter prescribed.

Smax(j) - SRmax(j) @)
T SRmax()
K12 = Smax(j) - {SRmax(j) — SRmax(i)}
Smax(/)- {SRmax(j) - SRmax(i)}
= SRmax(i)

Kll =

K13

SRmax( f) ®)
SRmax(i)

K12 = SRmax(j) — SRmax(i)

SRmax(j) — Skmax(i)

T SRmax()

K1l =

K13 =

[0092] Back to FIG. 8, the motor information image data
generating unit 12 is configured to generate motor informa-
tion image data used for setting plural segmented regions in
the above-mentioned “maximum strain rates” SRmax(i, X, y),
“maximum strain rates” SRmax(j, X, y) and “maximum
strains” Smax(j, X, y), using the two-dimensional “maximum
strains” or “maximum strain rates” extracted by the maxi-
mum value extracting part 101 included in the comparison
parameter calculation unit 10a. Then, the generated motor
information image data is displayed on the monitor of the
display unit 14 through the display data generating unit 13.

[0093] The input system 15« is an interactive interface
which includes input devices such as a display panel, a key-
board, various switches, selection buttons, a mouse and a
trackball. The input system 15a includes a load phase selec-
tion unit 151, an interest point setting unit 152 and a segment
setting unit 153. The load phase selection unit 151 is config-
ured to select desired load phase ni and load phase nj from
plural load phases. The interest point setting unit 152 is con-
figured to set interest points at predetermined intervals in a
myocardial tissue. The segment setting unit 153 is configured
to set plural segmented regions and/or regions of interest in
the motor information image data generated by the motor
information image data generating unit 12 and displayed on
the display unit 14. Inputting of object information, setting of
respective conditions for generating ultrasonic image data,
parameter image data and display data, selection of estima-
tion function of extension ability, setting of a threshold to an
ECG waveform, selection of a method for setting represent-
ing values, inputting of various command signals and the like
are also performed using the above-mentioned input devices
and/or display panel included in the input system 15a.

[0094] FIG. 9 shows a concrete example of segmented
regions and regions of interest set in a myocardial tissue on a
cardiac short axis image. FIG. 9(a) shows segmented regions
Sal to Sa6 set by ASE (American Society of Echocardio-
graphy) segmentation used officially in normal ultrasonic
diagnostics and FIG. 9(b) shows regions of interest Sb1 to
Sbé set in accordance with the ASE segmentation.
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[0095] Meanwhile, FIG. 10 shows a concrete example of
parameter image data based on representing values of the
segmented regions S1 to S6 set by the above-mentioned ASE
segmentation. The respective segmented regions S1 to S6 are
displayed with colors corresponding to pixel values which the
segmented regions have, moreover, displayed with overlay-
ing the pixel values. By performing the display method like
this, for example, even the case where a displacement is
generated between the B mode image data in the load phase ni
and the B mode image data in the load phase nj due to a
respiratory movement of an object and the like, stable param-
eter image data can be generated with less influence from the
displacement.

(Procedure for Displaying Parameter Image Data)

[0096] Then, a procedure for displaying parameter image
data in the present embodiment will be described with refer-
ence to the flowchart on FIG. 11. Note that, explanation of
each procedure (step) of FIG. 11 indicating the same proce-
dure as that of the procedure for displaying parameter image
data in the first embodiment shown in FIG. 6 is omitted with
attaching the same sign to the step.

[0097] Specifically, the maximum value extracting part 101
of the comparison parameter calculation unit 10a extracts
time-series “strain rates” SR(i, t, X, y) and “strain rates” SR(j,
t, X, y) attaching cardiac time phase information during an
arbitrary period in a diastole and information indicating either
the load phase ni or the load phase nj as incidental information
and time-series “strains” S(j, t, X, y) attaching the cardiac time
phase information during the arbitrary period and informa-
tion indicating the load phase nj as incidental information,
from the pieces of motor information stored in the motor
information storage unit 8, based on selecting information of
the load phases and information selecting the estimation
function of extension ability supplied through the system
control unit 18, similarly to step S6 in FIG. 6 (step S8 in FIG.
11).

[0098] Subsequently, the comparison parameter calcula-
tionunit 10q extracts “the maximum strain rates” SRmax(i, X,
y), “the maximum strain rates” SRmax(j, X, y) and “the maxi-
mum strains” Smax(j, X, y), each representing the maximum
value or the minimum value in the time direction, from the
respective time-series “strain rates” SR(, t, X, y), “strain
rates” SR(j, t, X, y) and “strains” S(j, t, X, y) measured at the
plural interest points Cg (X, y) (step S17 in FIG. 11).

[0099] On the other hands, the motor information image
data generating unit 12 generates motor information image
data using the two-dimensional “maximum strains” or “maxi-
mum strain rates” extracted by the maximum value extracting
part 101 included in the comparison parameter calculation
unit 10a and displays the obtained motor information image
data on the monitor of the display unit 14 through the display
data generating unit 13 (step S18 in FIG. 11).

[0100] The operator who observed the motor information
image data displayed on the display unit 14 sets plural seg-
mented regions in the motor information image data using the
segment setting unit 153 included in the input system 15a
(step S19 in FIG. 11). The representing value setting part 102
included in the comparison parameter calculation unit 10a
sets plural segmented regions in each of the two-dimensional
“maximum strain rates” SRmax(i, x, y), “maximum strain
rates” SRmax(j, X, y) and “maximum strains” Smax(j, X, y),
based on setting information of the segmented regions sup-
plied from the segment setting unit 153. Then, the represent-
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ing value setting part 102 sets respective representing values
(i.e., a representing value SRmax(i) of “the maximum strain
rates” SRmax(i, X, y), a representing value SRmax(j) of “the
maximum strain rates” SRmax(j, X, y) and a representing
value Smax(j) of “the maximum strains” Smax(j, X, y)) in the
plural “maximum strains” and “maximum strain rates”
included in each segmented region (step S20 in FIG. 11).
[0101] Subsequently, the calculation part 103 included in
the comparison parameter calculation unit 10a calculates
common comparison parameters K11 to K13 in each seg-
mented region by substituting the above-mentioned repre-
senting values set by the representing value setting part 102 in
the expression (4) or the expression (5) (step S21 in FIG. 11).
The parameter image data generating unit 11 generates
parameter image data using either of the above-mentioned
comparison parameters K11 to K13 calculated by the com-
parison parameter calculation unit 10a (step S22 in FIG. 11).
[0102] Meanwhile, the display data generating unit 13 gen-
erates display data by overlaying B mode image data supplied
from the ultrasonic image data storage unit 5 on the compari-
son parameter image data supplied from the parameter image
data generating unit 11 and displays the obtained display data
on the monitor of the display unit 14 (step S23 in FIG. 11).
[0103] According to the second embodiment mentioned
above, a quantitative estimation with regard to extension abil-
ity of a myocardial tissue can be performed with high accu-
racy by generating parameter image data based on myocar-
dial local strain rate information, or strain rate information
and strain information obtained in the load phase ni and the
load phase nj of the object to which a stress echo method is
applied, similarly to the above-mentioned first embodiment
[0104] Especially, since a comparison parameter is calcu-
lated using “the maximum strain” or, the maximum strain
rate” and “the maximum strain” extracted from time-series
“strain rates” and “strains” and desired parameter image data
is generated based on the comparison parameter in the above-
mentioned embodiment, stable parameter image data can be
obtained.

[0105] Furthermore, by setting representing values of “the
maximum strains” and “the maximum strain rates” in each of
plural segments set in the two-dimensional “maximum
strains” and “maximum strain rates” extracted corresponding
to two mutually different motor loads and generating com-
parison image data using the comparison parameters calcu-
lated based on the representing values, even the case where a
displacement is generated between the B mode image data in
the load phase ni and the B mode image data in the load phase
nj due to a respiratory movement of an object and the like,
stable parameter image data can be generated with less influ-
ence of the displacement.

3. Third Embodiment

[0106] Subsequently, the third embodiment of the present
invention will be described below. An image data generating
apparatus in the third embodiment acquires ultrasonic image
data generated in advance with regard to an object to which
plural mutually different motor loads have been sequentially
given through a high-capacity storage media or a network and
two-dimensionally measures displacements of a myocardial
tissue in pieces of ultrasonic image data corresponding to
load phase ni and load phase nj selected from the acquired
ultrasonic image data. Then, “strains” and “strain rates” of the
myocardial tissue are measured based on a spatial gradient
and a time variation of the displacements. Furthermore, the



US 2009/0112088 A1

maximum strains and the maximum strain rates are extracted
from time series strains and strain rates measured based on B
mode image data during an arbitrary period in a diastole.
Then, comparison parameters are calculated using the above-
mentioned maximum strains and maximum strain rates or
respective representing values in plural segments set in the
maximum strains and maximum strain rates, and subse-
quently, comparison image data is generated based on the
comparison parameters.

(Configuration of Apparatus)

[0107] A configuration of the image data generating appa-
ratus according to the third embodiment of the present inven-
tion will be described with reference to FIG.12. FIG.12is a
block diagram showing an overall configuration of the image
data generating apparatus according to the present embodi-
ment. Note that, detail explanation of each unit shown in FIG.
12 having the same configuration and function as that of the
ultrasonic diagnostic apparatus 200 in the first embodiment
shown in FIG. 1 or the ultrasonic diagnostic apparatus 300 in
the second embodiment shown in FIG. 7 is omitted with
attaching the same sign to the unit.

[0108] Specifically, the image data generating apparatus
400 shown in FIG. 12 includes an ultrasonic image data
storing unit 19, a displacement measuring unit 6, a motor
information measuring unit 7 and a comparison parameter
calculation unit 10 (10a). The ultrasonic image data storing
unit 19 stores time series pieces of ultrasonic image data,
generated with regard to an object of which a load phase by
motor load have been updated sequentially, with load phases
and cardiac time phases as incidental information in advance.
The displacement measuring unit 6 is configured to measure
local displacements of a myocardial tissue in each of time-
series pieces of ultrasonic image data, corresponding to a load
phase ni and a load phase nj, extracted from the ultrasonic
image data storing unit 19. The motor information measuring
unit 7 is configured to measure “strains” and “strain rates” of
the myocardial tissue as motor information based on spatial
gradients and temporal variations of the above-mentioned
displacements. The comparison parameter calculation unit 10
(10qa) is configured to extract “the maximum strains” and “the
maximum strain rates” each representing the maximum value
or the minimum value from time-series “strains” and “strain
rates” at a predetermined portion during an arbitrary period in
a diastole in each of the load phase ni and the load phase nj
supplied from the motor information measuring unit 7, and to
calculate comparison parameters using the two-dimensional
“maximum strains” and “maximum strain rates” or respective
representing values of “the maximum strains” and “the maxi-
mum strain rates” in each of plural segments set in the “maxi-
mum strains” and “maximum strain rates”.

[0109] The image data generating apparatus 400 also
includes a parameter image data generating unit 11, a motor
information image data generating unit 12, a display data
generating unit 13, a display unit 14, an input system 15 (15a)
and a system control unit 18. The parameter image data gen-
erating unit 11 is configured to generate parameter image data
based on a comparison parameter calculated by the above-
mentioned comparison parameter calculation unit 10 (10a).
The motor information image data generating unit 12 is con-
figured to generate motor information image data using the
two-dimensional “maximum strains” and/or “maximum
strain rates” extracted by the comparison parameter calcula-
tion unit 10 (10a). The display data generating unit 13 is
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configured to generate display data by overlaying ultrasonic
image data with the parameter image data. The display unit 14
is configured to display the display data and/or the motor
information image data. The input system 15 (15aq) is config-
ured to perform inputting of object information, setting of
respective conditions for generating parameter image data
and display data, selection of a load phase ni and a load phase
nj, selection of estimation function of extension ability, set-
ting of segmented regions, inputting of various command
signals and the like. The system control unit 18 is configured
to overall-control the above-mentioned respective units.

(Procedure for Displaying Parameter Image Data)

[0110] Then, a procedure for displaying parameter image
data in the present embodiment will be described with refer-
ence to the flowchart on FIG. 13.

[0111] Prior to generating parameter image data, time-se-
ries pieces of ultrasonic image data, acquired by an ultrasonic
diagnostic apparatus not shown in the figure, with regard to an
object of which a load phase by motor load is updated sequen-
tially (from the load phase 1 to the load phase 3), is stored with
attaching load phases and cardiac time phases in the ultra-
sonic image data storing unit 19 of the image data generating
apparatus 400 preliminarily (step S31 in FIG. 13).

[0112] Then, the operator of the image data generating
apparatus 400 inputs patient information to the apparatus
through the input system 15 (15a), and subsequently, per-
forms initial setting such as setting of respective conditions
for generating parameter image data and display data, selec-
tion of estimation function of extension ability, setting a
threshold value corresponding to “the maximum strain” and
the like (step S32 in FIG. 13). Then, the operator selects a load
phase ni and a load phase nj with the load phase selection unit
151 included in the input system 15 (15a) (step S33 in FIG.
13).

[0113] The displacement measuring unit 6, to which the
selecting information is supplied through the system control
unit 18, sequentially extracts two pieces of ultrasonic image
data adjacent in the time direction from time-series pieces of
ultrasonic image data corresponding to the load phase ni and
the load phase nj stored in the ultrasonic image data storing
unit 19 and measures movement distances (displacements) of
a myocardial tissue shown on the pieces of ultrasonic image
data by tracking processing for which respective plural inter-
est points Cg set on the pieces of image data are set to centers
(step S34 in FIG. 13).

[0114] Subsequently, the motor information measuring
unit 7 measures local “strains” based on spatial gradients of
the displacements measured in the displacement measuring
unit 6 and measures “strain rates” based on temporal varia-
tions of the “strains” measured with regard to the respective
time-series pieces of the B mode image data. Then, the mea-
sured time-series “‘strains” and “strain rates” corresponding
to the load phase ni and the load phase nj are stored with
cardiac time phases and load phases as incidental information
in the motor information storage unit 8 (step S35 in FIG. 13).
[0115] When measuring and storing the pieces of motor
information corresponding to the load phases ni and nj by
motor load are completed, the comparison parameter calcu-
lation unit 10 (10a) extracts the time-series “strain rates”
corresponding to the load phases ni and nj and the time-series
“strains” corresponding to the load phase nj, each attaching
cardiac time phase during an arbitrary period in a diastole as
incidental information, from the pieces of motor information
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stored in the motor information storage unit 8, based on
information selecting the estimation function of extension
ability supplied through the system control unit 18 (step S36
in FIG. 13).

[0116] Subsequently, the comparison parameter calcula-
tion unit 10 extracts “the maximum strain rates” correspond-
ing to the load phases ni and nj and “the maximum strains”
corresponding to the load phase nj, each representing the
maximum value or the minimum value in the time direction,
from the above-mentioned time-series “strain rates” and
“strains”. Then, the comparison parameter calculation unit 10
calculates comparison parameters K1(x, y) to K3(x, y) or K11
to K13 using the two-dimensional “maximum strains” and
“maximum strain rates” or respective representing values of
the “maximum strains” and “maximum strain rates” in each
of plural segments set in the “maximum strains” and “maxi-
mum strain rates” (step S37 in FIG. 13). Then, the parameter
image data generating unit 11 generates parameter image data
using at least one of the above-mentioned comparison param-
eters calculated two-dimensionally by the comparison
parameter calculation unit 10 (10a) (step S38 in FIG. 13).
[0117] Meanwhile, the display data generating unit 13
compares each of the two-dimensional “maximum strains”
supplied from the comparison parameter calculation unit 10
(10a) to the predetermined threshold supplied from the input
system 15 (154) and performs color transformation of each
pixel value (comparison parameter) of the parameter image
data corresponding to “the maximum strain” more than the
threshold, based on a predetermined pixel value-color trans-
formation format. Additionally, the display data generating
unit 13 transforms each pixel value of the parameter image
data corresponding to “the maximum strain” not more than
the threshold, based on another transformation format. Then,
the display data generating unit 13 generates display data by
overlaying B mode image data supplied from the ultrasonic
image data storage unit 5 on the comparison parameter image
data after color transformation and displays the obtained dis-
play data on the monitor of the display unit 14 (step S39 in
FIG. 13).

[0118] According to the third embodiment mentioned
above, a quantitative estimation with regard to extension abil-
ity of a myocardial tissue can be performed with high accu-
racy by generating parameter image data based on myocar-
dial local strain rate information, or strain rate information
and strain information obtained in the load phase ni and the
load phase nj of the object to which a stress echo method is
applied

[0119] Especially, since a comparison parameter is calcu-
lated using the maximum strain rate” and “the maximum
strain” extracted from time-series “strain rates” and “strains”
and desired parameter image data is generated based on the
comparison parameter in the above-mentioned embodiment,
stable parameter image data can be obtained.

[0120] Further, a normal myocardial tissue and a myocar-
dial tissue with a decreased extension ability can be also
observed specifically and easily by performing color display
of parameter image data based on a pixel value-color trans-
formation format with a cold color and a warm color corre-
sponding to signs of the comparison parameters.

[0121] Additionally, it is possible to distinctly observe a
normal myocardial tissue, a myocardial tissue with a
decreased extension ability due to a mild or moderate
ischemia and the like and a myocardial tissue of which con-
tractile ability is decreased drastically due to a severe
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ischemia, total necrosis and the like by performing color
display of each pixel value (comparison parameter) of param-
eter image data corresponding to “the maximum strain” more
than a predetermined threshold, based on a predetermined
pixel value-color transformation format and of each pixel
value of the parameter image data corresponding to “the
maximum strain” not more than the threshold, based on
another transformation format with comparing the above-
mentioned “maximum strain” with the threshold.

[0122] Furthermore, by setting representing values of “the
maximum strains” and “the maximum strain rates” in each of
plural segments set in the two-dimensional “maximum
strains” and “maximum strain rates” extracted corresponding
to two mutually different motor loads and generating com-
parison image data using the comparison parameters calcu-
lated based on the representing values, even the case where a
displacement is generated between the B mode image data in
the load phase ni and the B mode image data in the load phase
nj due to a respiratory movement of an object and the like,
stable parameter image data can be generated with less influ-
ence of the displacement.

[0123] Furthermore, since the image data generating appa-
ratus according to the above-mentioned embodiment can
generate parameter image data efficient for a cardiac function
examination by using time-series pieces of ultrasonic image
data corresponding to plural load phases supplied through a
network and the like from an ultrasonic diagnostic apparatus
set separately, an operator can perform diagnostic of the
object efficiently with less time and place constraints.

[0124] Hereinbefore, embodiments ofthe present invention
have been described, the present invention is not limited to the
above-mentioned embodiment and can be performed with
modification. For example, in the above-mentioned embodi-
ment, though the case of acquiring B mode image data as
ultrasonic image data from an object to which a motor load is
given and generating desired parameter image data based on
the B mode image data has been described, a drug load may be
used instead of a motor load and tissue Doppler image data
and/or color Doppler image data may be acquired as ultra-
sonic image data.

[0125] In addition, though the case where the cardiac time
phase detection unit 17 detects cardiac time phases during a
diastole or a systole based on an ECG waveform of the object
measured by the biosignal measuring unit 16 has been
described in the above-mentioned embodiment, the above-
mentioned cardiac time phases may be detected by measuring
an area change in a cardiac chamber displayed on ultrasonic
image data such as B mode image data.

[0126] In addition, the case of measuring displacements of
a myocardial tissue by performing tracking processing of
pieces of B mode image data adjacent in the time direction
regarding the displacement measuring unit 6 has been
described. However not be limited to, for example, detecting
displacements of a myocardial tissue by temporal integration
of rate information shown on the above-mentioned tissue
Doppler image data is also allowed.

[0127] Further, though the case of generating parameter
image data based on ultrasonic image data generated in a load
phase 1 and a load phase 2 by motor load has been described,
generating parameter image data based on ultrasonic image
data acquired in another load phase may be performed.
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What is claimed is:

1. An ultrasonic diagnostic apparatus which generates
parameter image data useful for functional diagnosis of a
myocardial tissue based on time series pieces of ultrasonic
image data obtained by transmitting and receiving ultrasonic
waves to and from an object to which plural mutually differ-
ent motor or drug loads are sequentially given, the apparatus
comprising:

a displacement measuring unit configured to two-dimen-
sionally measure displacements of a myocardial tissue
in pieces of ultrasonic image data adjacent in time direc-
tion;

amotor information measuring unit configured to measure
strains and strain rates of the myocardial tissue based on
the displacements as motor information;

a comparison parameter calculation unit configured to cal-
culate comparison parameters based on the strain rates,
or the strains and strain rates; and

a parameter image data generating unit configured to gen-
erate parameter image data using the comparison param-
eters.

2. An ultrasonic diagnostic apparatus of claim 1,

wherein said displacement measuring unit is configured to
measure the displacements of the myocardial tissue by
performing pattern matching of the pieces of the ultra-
sonic image data adjacent in the time direction

3. An ultrasonic diagnostic apparatus of claim 1,

wherein said motor information measuring unit is config-
ured to measure the strains based on spatial gradients of
the two-dimensional time-series displacements mea-
sured by said displacement measuring unit and measure
the strain rates based on time variations in the strains.

4. An ultrasonic diagnostic apparatus of claim 1,

wherein said comparison parameter calculation unit
includes:

a maximum value extracting unit configured to extract
maximum strain rates from the time-series strain rates
measured by said motor information measuring unit dur-
ing an arbitrary period in diastole of a heart; and

a calculation unit configured to calculate the comparison
parameters based on the maximum strain rates under the
mutually different motor or drug loads.

5. An ultrasonic diagnostic apparatus of claim 1,

wherein said comparison parameter calculation unit
includes:

a maximum value extracting unit configured to respec-
tively extract maximum strain rates and maximum
strains from the time-series strain rates and strains mea-
sured by said motor information measuring unit during
an arbitrary period in diastole of a heart; and

a calculation unit configured to calculate the comparison
parameters based on the maximum strain rates and the
maximum strains under the mutually different motor or
drug loads.

6. An ultrasonic diagnostic apparatus of claim 1,

wherein said comparison parameter calculation unit
includes:

a maximum value extracting unit configured to extract
maximum strain rates from the time-series strain rates
measured by said motor information measuring unit dur-
ing an arbitrary period in diastole of a heart;

a representing value setting unit configured to set repre-
senting values of the maximum strain rates in plural

Apr. 30, 2009

respective segmented regions set to the two-dimensional
maximum strain rates extracted by said maximum value
extracting unit; and

a calculation unit configured to calculate the comparison
parameters based on the representing values of the maxi-
mum strain rates under the mutually different motor or
drug loads.

7. An ultrasonic diagnostic apparatus of claim 1,

wherein said comparison parameter calculation unit
includes:

a maximum value extracting unit configured to respec-
tively extract maximum strain rates and maximum
strains from the time-series strain rates and strains mea-
sured by said motor information measuring unit during
an arbitrary period in diastole of a heart;

a representing value setting unit configured to set repre-
senting values of each of the maximum strain rates and
the maximum strains in plural respective segmented
regions set to the two-dimensional maximum strain rates
and maximum strains respectively extracted by said
maximum value extracting unit; and

a calculation unit configured to calculate the comparison
parameters based on the representing values of each of
the maximum strain rates and the maximum strains
under the mutually different motor or drug loads.

8. An ultrasonic diagnostic apparatus of claim 5,

wherein said parameter image data generating unit is con-
figured to generate display data by comparing the maxi-
mum strains extracted by said maximum value extract-
ing unit with a predetermined threshold and performing
color-conversion of pixels corresponding to maximum
strains larger than the predetermined threshold and pix-
els corresponding to maximum strains smaller than the
predetermined threshold according to mutually different
conversion formats.

9. An ultrasonic diagnostic apparatus of claim 8,

wherein said parameter image data generating unit is con-
figured to generate the display data by superposing the
parameter image data after the color-conversion on a
piece of the ultrasonic image data.

10. An ultrasonic diagnostic apparatus of claim 6, further

comprising:

a motor information image data generating unit configured
to generate motor information image data based on the
maximum strain rates extracted by said maximum value
extracting unit; and

a segment setting unit configured to set the segmented
regions in the two-dimensional maximum strain rates
using the motor information image data.

11. An ultrasonic diagnostic apparatus of claim 7,

a motor information image data generating unit configured
to generate motor information image data based on at
least one of the maximum strain rates and the maximum
strains extracted by said maximum value extracting unit;
and

a segment setting unit configured to set the segmented
regions in the two-dimensional maximum strain rates
and maximum strains respectively using the motor infor-
mation image data.

12. An ultrasonic diagnostic apparatus of claim 4,

wherein said comparison parameter calculation unit is con-
figured to calculate the comparison parameters using at
least one of subtraction values and division values
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between the maximum strain rates under the mutually
different motor or drug loads.

13. An image data generating apparatus which generates
parameter image data useful for functional diagnosis of a
myocardial tissue based on time series pieces of ultrasonic
image data obtained by transmitting and receiving ultrasonic
waves to and from an object to which plural mutually differ-
ent motor or drug loads are sequentially given, the apparatus
comprising:

an ultrasonic image data storing unit configured to store the
time series pieces of the ultrasonic image data together
with information regarding cardiac time phase and infor-
mation regarding load state;

a displacement measuring unit configured to two-dimen-
sionally measure displacements of a myocardial tissue
in pieces of ultrasonic image data adjacent in time direc-
tion, read from said ultrasonic image data storing unit;

a motor information measuring unit configured to measure
strains and strain rates of the myocardial tissue based on
the displacements as motor information;

a comparison parameter calculation unit configured to cal-
culate comparison parameters based on the strain rates,
or the strains and strain rates; and

a parameter image data generating unit configured to gen-
erate parameter image data using the comparison param-
eters.

14. An ultrasonic diagnostic method for generating param-
eter image data useful for functional diagnosis of a myocar-
dial tissue based on time series pieces of ultrasonic image data
obtained by transmitting and receiving ultrasonic waves to
and from an object to which plural mutually different motor
or drug loads are sequentially given, the method comprising:

two-dimensionally measuring displacements of a myocar-
dial tissue in pieces of ultrasonic image data adjacent in
time direction;

measuring strains and strain rates of the myocardial tissue
based on the displacements as motor information;

calculating comparison parameters based on the strain
rates, or the strains and strain rates; and

generating parameter image data using the comparison
parameters.

15. An ultrasonic diagnostic method of claim 14,

wherein the displacements of the myocardial tissue are
measured by pattern matching of the pieces of the ultra-
sonic image data adjacent in the time direction.

16. An ultrasonic diagnostic method of claim 14,

wherein the strains are measured based on spatial gradients
of the two-dimensional time-series displacements and
the strain rates are measured based on time variations in
the strains.

17. An ultrasonic diagnostic method of claim 14,

wherein said calculating the comparison parameters
includes:

extracting maximum strain rates from the time-series strain
rates during an arbitrary period in diastole of a heart; and

obtaining the comparison parameters based on the maxi-
mum strain rates under the mutually different motor or
drug loads.

18. An ultrasonic diagnostic method of claim 14,

wherein said calculating the comparison parameters
includes:

respectively extracting maximum strain rates and maxi-
mum strains from the time-series strain rates and strains
during an arbitrary period in diastole of a heart; and
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obtaining the comparison parameters based on the maxi-
mum strain rates and the maximum strains under the
mutually different motor or drug loads.

19. An ultrasonic diagnostic method of claim 14,

wherein said calculating the comparison parameters

includes:
extracting maximum strain rates from the time-series strain
rates during an arbitrary period in diastole of a heart;

setting representing values of the maximum strain rates in
plural respective segmented regions set to the two-di-
mensional maximum strain rates; and

obtaining the comparison parameters based on the repre-

senting values of the maximum strain rates under the
mutually different motor or drug loads.

20. An ultrasonic diagnostic method of claim 14,

wherein said calculating the comparison parameters

includes:

respectively extracting maximum strain rates and maxi-

mum strains from the time-series strain rates and strains
during an arbitrary period in diastole of a heart;

setting representing values of each of the maximum strain

rates and the maximum strains in plural respective seg-
mented regions set to the two-dimensional maximum
strain rates and maximum strains; and

obtaining the comparison parameters based on the repre-

senting values of each of the maximum strain rates and
the maximum strains under the mutually different motor
or drug loads.

21. An ultrasonic diagnostic method of claim 18,

wherein display data is generated by comparing the maxi-

mum strains with a predetermined threshold and per-
forming color-conversion of pixels corresponding to
maximum strains larger than the predetermined thresh-
old and pixels corresponding to maximum strains
smaller than the predetermined threshold according to
mutually different conversion formats.

22. An ultrasonic diagnostic method of claim 21,

wherein the display data is generated by superposing the

parameter image data after the color-conversion on a
piece of the ultrasonic image data.

23. An ultrasonic diagnostic method of claim 19,

wherein motor information image data is generated based

on the maximum strain rates and the segmented regions
are set in the two-dimensional maximum strain rates
using the motor information image data.

24. An ultrasonic diagnostic method of claim 20,

wherein motor information image data is generated based

on at least one of the maximum strain rates and the
maximum strains and the segmented regions are set in
the two-dimensional maximum strain rates and maxi-
mum strains respectively using the motor information
image data.

25. An image data generating method for generating
parameter image data useful for functional diagnosis of a
myocardial tissue based on time series pieces of ultrasonic
image data obtained by transmitting and receiving ultrasonic
waves to and from an object to which plural mutually differ-
ent motor or drug loads are sequentially given, the method
comprising;

storing the time series pieces of the ultrasonic image data

together with information regarding cardiac time phase
and information regarding load state;
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two-dimensionally measuring displacements of a myocar- calculating comparison parameters based on the strain
dial tissue in pieces of ultrasonic image data adjacent in rates, or the strains and strain rates; and
time direction, read from the stored ultrasonic image generating parameter image data using the comparison
data; parameters.

measuring strains and strain rates of the myocardial tissue
based on the displacements as motor information; ok ok ok %
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