US 20060036172A1

a» Patent Application Publication o) Pub. No.: US 2006/0036172 A1l

a9 United States

Abe (43) Pub. Date: Feb. 16, 2006
(54) ULTRASOUND DIAGNOSTIC APPARATUS (532) US. CL e 600/443
AND ULTRASOUND IMAGE PROCESSING
METHOD
(76) Inventor: Yasuhiko Abe, Otawara-shi (JP) 7) ABSTRACT

Correspondence Address:

OBLON, SPIVAK, MCCLELLAND, MAIER &

NEUSTADT, P.C.

1940 DUKE STREET

ALEXANDRIA, VA 22314 (US)
(21) Appl. No.: 11/180,608
(22) Filed: Jul. 14, 2005
(30) Foreign Application Priority Data
Jul. 16, 2004 (JP) ..o 2004-210110

Publication Classification

An ultrasound diagnostic apparatus which performs diag-
nosis of a subject to be examined by using an ultrasound
probe which emits ultrasound waves and receives the ultra-
sound waves reflected by the subject, includes a measuring
section which measures a motion velocity of local tissue of
the subject by using an ultrasound waves transmitted/re-
ceived by the ultrasound probe, an acquiring section which
acquires motion information representing a strain or dis-
placement of the tissue on the basis of the motion velocity,
and a calculating section which calculates a parameter value
representing a change amount of motion of the tissue with a
change in load on the basis of two pieces of motion

(51) Int.CL information acquired by the acquiring section in two load
AG6IB  8/14 (2006.01) states in which different loads are applied to the subject.
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ULTRASOUND DIAGNOSTIC APPARATUS AND
ULTRASOUND IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2004-210110, filed Jul. 16, 2004, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an ultrasound
diagnostic apparatus and ultrasound image processing
method which estimate the speed of living tissue such as
cardiac muscle by using ultrasound waves, and output the
local motion information of the tissue by processing the
estimated velocity information, thereby providing informa-
tion effective for medical diagnosis.

[0004] 2. Description of the Related Art

[0005] With regard to living tissue such as cardiac muscle,
it is very important for the diagnosis of the tissue to
objectively and quantitatively evaluate its function.

1. Field of the Invention

[0006] Various kinds of quantitative evaluation methods
have been tried. A stress echo method using an ultrasound
diagnostic apparatus has recently attracted attention. In this
method, for example, a subject to be examined is made to
jog, and images of the cardiac muscle are taken before and
after jogging. These images are then compared with each
other to make diagnosis on a region having abnormality.

[0007] In this type of examination, it is preferable to avoid
diagnosis based on the subjectivity of an examiner by
quantifying comparison before and after the application of a
stress (load). Various methods have been proposed for this
purpose.

[0008] For example, a method using a dedicated left
ventricular wall motion analysis apparatus is known. An
ultrasound diagnostic apparatus which can easily and accu-
rately perform diagnosis by the stress echo method is also
disclosed in Jpn. Pat. Appln. KOKAI Publication No.
6-285066. In addition, a method which can mainly image
how local delay of wall motion occurs for each region is
disclosed in Japanese Patent No. 3187008.

[0009] In the method using the dedicated left ventricular
wall motion analysis apparatus, tracing or the like of an
endocardium is required, and complicated operation is
required.

[0010] Velocity information on a living organ tends to
become unstable due to the influences of speckle noise and
the like. Acceleration information is further susceptible to
the influence of noise. According to the ultrasound diagnos-
tic apparatus disclosed in Jpn. Pat. Appln. KOKAI Publica-
tion No. 6-285066, since such information is compared, it is
difficult to obtain a stable result with high reproducibility.

[0011] In an ischemic heart discase case, even if a wall
motion looks normal before the application of a load,
ischemia is induced by the application of the load, and local
delay of the wall motion may occur. The method disclosed
in Japanese Patent No. 3187008 performs no comparison
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before and after the application of a load unlike in the stress
echo method. For this reason, it is not easy to detect a slight
change in the state of local delay described above before and
after the application of a load.

BRIEF SUMMARY OF THE INVENTION

[0012] Under the circumstances, it has been required to
perform diagnosis by the stress echo method which can be
easily executed with high reproducibility by obtaining
highly stable, useful diagnosis information.

[0013] According to a one aspect of the present invention,
there is provided an ultrasound diagnostic apparatus which
performs diagnosis of a subject to be examined by using an
ultrasound probe which emits ultrasound waves and receives
the ultrasound waves reflected by the subject, comprising: a
measuring section which measures a motion velocity of
local tissue of the subject by using an ulirasound waves
transmitted/received by the ultrasound probe; an acquiring
section which acquires motion information representing a
strain or displacement of the tissue on the basis of the motion
velocity; and a calculating section which calculates a param-
eter value representing a change amount of motion of the
tissue with a change in load on the basis of two pieces of
motion information acquired by the acquiring section in two
load states in which different loads are applied to the subject.

[0014] According to a one aspect of the present invention,
there is provided an ultrasound image processing method of
performing image processing for diagnosis of a subject to be
examined on the basis of a motion velocity measured with
respect to local tissue in the subject by using ultrasound
waves transmitted/received by an ultrasound probe, com-
prising: acquiring motion information representing a strain
or displacement of the tissue on the basis of the motion
velocity; and calculating a parameter value representing a
change amount of motion of the tissue with a change in load
on the basis of two pieces of motion information acquired in
two load states in which different loads are applied to the
subject.

[0015] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0016] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0017] FIG. 1 is a block diagram showing the arrange-
ment of an ultrasound diagnostic apparatus according to the
first embodiment of the present invention;

[0018] FIG. 2 is a block diagram showing the concrete
arrangement of a change amount computing unit in FIG. 1;

[0019] FIG. 3 is a view showing how a cardiac time
interval t_int is set, in which the peak value of motion
information 1s to be detected,
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[0020] FIG. 4 is a block diagram showing the arrange-
ment of an ultrasound diagnostic apparatus according to the
second embodiment of the present invention;

[0021] FIG. 5 is a block diagram showing the concrete
arrangement of a change amount computing unit in FIG. 4;

[0022] FIGS. 6A and 6B are views each showing an
example of local segment setting;

[0023] FIGS.7A, 7B, and 7C are views each showing an
example of display of representative values compared while
the load state is changed for cach segment in FIG. 6A;

[0024] FIG. 8 is a block diagram showing the arrange-
ment of an ultrasound diagnostic apparatus according to the
third embodiment of the present invention;

[0025] FIG. 9 is a block diagram showing the concrete
arrangement of a change amount computing unit in FIG. §;

[0026] FIG. 10 is a block diagram showing the arrange-
ment of an ultrasound diagnostic apparatus according to the
fourth embodiment of the present invention,

[0027] FIG. 11 is a block diagram showing the concrete
arrangement of a change amount computing unit in FIG. 10;

[0028] FIG. 12 is a block diagram showing the arrange-
ment of an ultrasound diagnostic apparatus according to the
fifth embodiment of the present invention;

[0029] FIG. 13 is a block diagram showing the concrete
arrangement of a change amount computing unit in FIG. 12;

[0030] FIG. 14 is a view for explaining a required time Tp
from an interval start time t0 to a peak time in a cardiac time
interval t_int; and

[0031] FIG. 15 is a view showing an example of a color
map for color display in the fifth embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0032] The embodiments of the present invention will be
described below with reference to the views of the accom-
panying drawing.

First Embodiment

[0033] FIG. 1 is a block diagram showing the arrange-
ment of an ultrasound diagnostic apparatus according to the
first embodiment.

[0034] As shown in FIG. 1, the ultrasound diagnostic
apparatus of the first embodiment includes an ultrasound
probe 1, transmission unit 2, reception unit 3, B-mode
processing unit 4, velocity computing unit 5, motion infor-
mation computing unit 6, motion information memory 7,
change amount computing unit 8, display control unit 9, and
display unit 10.

[0035] The ultrasound probe 1 comprises an ultrasound
transducer array of a plurality of ultrasound transducers
which convert electrical signals into ultrasound waves. The
ultrasound probe 1 transmits/receives ultrasound waves by
using the ultrasound transducer array. Assume that the
ultrasound probe 1 in the first embodiment is a sector probe
designed for cardiac examination.
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[0036] The transmission unit 2 generates a driving signal
with a predetermined delay characteristic for each ultra-
sound transducer so as to form an ultrasound beam toward
a scan line. The reception unit 3 generates an ultrasound
echo signal corresponding to the scan line by performing
delay addition processing for an ultrasound echo signal
output from each ultrasound transducer of the ultrasound
transducer array.

[0037] The B-mode processing unit 4 generates a B-mode
signal corresponding to the amplitude intensity of an ultra-
sound echo by performing envelope detection processing for
an ultrasound echo signal output from the reception unit 3.
The B-mode processing unit 4 generates a B-mode ultra-
sound image representing the two-dimensional distribution
of the B-mode signal applied to a predetermined slice.

[0038] The velocity computing unit 5 obtains a spatiotem-
poral distribution image of the tissue velocity from the
ultrasound echo signal having undergone the delay addition
processing. As a technique to be used by the velocity
computing unit 5 to obtain a spatiotemporal distribution
image, a known technique such as a tissue Doppler process-
ing technique or the technique disclosed in Jpn. Pat. Appln.
KOKAI Publication No. 08-164139 can be used. The tissue
Doppler processing technique is a technique suitable for the
acquisition of a one-dimensional tissue speed in the ultra-
sound beam direction. Jpn. Pat. Appln. KOKAI Publication
No. 08-164139 discloses a technique of acquiring a two-
dimensional tissue velocity by movement vector processing
having processing such as processing by a pattern matching
technique.

[0039] The motion information computing unit 6 obtains
the motion information of tissue from a B-mode ultrasound
image and spatiotemporal distribution image. As a technique
to be used by the motion information computing unit 6 to
obtain motion information, the technique disclosed in Jpn.
Pat. Appln. KOKAI Publication No. 2003-175041 can be
used. That is, motion information about a local displacement
or strain is obtained on the basis of local time integration
processing using a tissue speed. The motion information
computing unit 6 outputs as the value of each pixel(x, y) a
motion information image with the motion information
obtained in the above manner. The motion information
image output from the motion information computing unit 6
contains the B-mode information which was referred to for
the generation of the image. The motion information
memory 7 stores the motion information image obtained by
the motion information computing unit 6. The motion infor-
mation memory 7 stores motion information images in a
plurality of examination states (to be referred to as phases
hereinafter) wherein the subject is in different load states.

[0040] The change amount computing unit § calculates the
change amount (to be referred to as a comparison parameter
hereinafter) of two pieces of motion information in different
phases which are stored in the motion information memory
7.

[0041] The display control unit 9 generates a display
image on the basis of the B-mode ultrasound image, the
spatiotemporal distribution image, motion information, and
the comparison parameter. The display unit 10 displays the
display image generated by the display control unit 9.

[0042] FIG. 2 is a block diagram showing the concrete
arrangement of the change amount computing unit 8.
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[0043] As shown in FIG. 2, the change amount computing
unit 8 includes a comparison computing unit 8¢ and output
information computing unit 8b.

[0044] The comparison computing unit 8a generates the
comparison parameter by comparing motion information
images by using the pieces of motion information in differ-
ent phases which are stored in the motion information
memory 7. The output information computing unit 85 gen-
erates a comparison parameter image on the basis of the
value of the comparison parameter generated by the com-
parison computing unit 8a.

[0045] The operation of the ultrasound diagnostic appa-
ratus having the above arrangement will be described next.

[0046] The application of the present invention to the
evaluation of the local motion of the cardiac tissue using 2D
images will be described below.

[1. Acquisition of Tissue Velocity]

[0047] First of all, a spatiotemporal distribution image of
the tissue velocity (a two-dimensional distribution image for
each time) is obtained by the speed computing unit 5.

[2. Acquisition of Motion Information]

[0048] Motion information about the local displacement
or strain of the tissue is obtained from the tissue velocity by
the motion information computing unit 6.

[3. Acquisition of Pieces of Motion Information in Different
Load States]

[0049] A plurality of phases are set, and the above acqui-
sition of motion information is performed for each phase. A
motion information image in each phase is stored in the
motion information memory 7.

[0050] In this case, loads are roughly classified into exer-
cise loads and drug (dobutamine) loads. In stress diagnosis
based on an exercise load, three phases are generally set,
namely “before application of load”, “during application of
load (peak load time)”, and “after application of load (recov-
ery)”. With regard to the application of a dobutamine load,
six phases are generally set, namely “before application of
load”, “10 y load”, “20 vy load”, “30 y load”, “40 y load (peak
load time)”, and “after application of load (recovery)”. The
simplest stress diagnosis is performed by comparison
between “before application of load” and “during applica-
tion of load (peak load time)”. That is, the minimum
necessary phases are the two phases “before application of
load” and “peak load time”.

[4. Acquisition of Comparison Parameter|

[0051] The change amount computing unit 8 acquires a
comparison parameter from motion information images
stored in the motion information memory 7. A change in
tissue motion is observed as a change between two different
phases regardless of how phases are set for stress diagnosis.
The change amount computing unit 8 therefore acquires a
comparison parameter on the basis of motion information
images in two arbitrary phases, i.¢., phase_i and phase_j,
stored in the motion information memory 7.

[0052] The comparison computing unit 82 of the change
amount computing unit 8 preferably obtains a peak value
(maximum or minimum value) of each pixel(x, y) of a
motion information image in a predetermined cardiac time
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interval t_int like that shown in FIG. 3. The comparison
computing unit 8¢ obtains Vmax(i, X, y) as a peak value in
phase_i, and obtains Vmax(j, X, y) as a peak value in
phase_j. Note that the cardiac time interval t_int is deter-
mined by, for example, making the user designate an interval
start time 10 and interval end time t_end.

[0053] The comparison computing unit 8a then computes
a comparison parameter according to one of expressions (1),
(2), and (3) given below:

Vmax(j,x,y)/Vmax(i,x,y) @
Vmax(j,x,y)-Vmax(i,x,y) @)
{Vmax(j,xy)-Vmax(ix,y) }/Vmax(i,xy) 3
[0054] Note that one of expressions (1), (2), and (3) may

be sclected in the design stage of an ultrasound diagnostic
apparatus, and the comparison computing unit 8¢ may be
configured to permanently compute the selected expression.
Alternatively, the comparison computing unit 8¢ may be
equipped with a function of performing computations based
on two or three arbitrary expressions of expressions (1), (2),
and (3) so as to sclectively execute the computations in
accordance with a user instruction.

[5. Display of Comparison Parameter]

[0055] The output information computing unit 8> gener-
ates a comparison parameter image indicating the value of
the comparison parameter computed in the above manner.

[0056] The display control unit 9 generates a display
image superimposed on a B-mode image by color-convert-
ing the comparison parameter image generated by the output
information computing unit 8b, like velocity display by a
tissue Doppler image or motion information image display
of a displacement or strain. This display image is displayed
by the display unit 10. Note that for such a comparison
parameter image, a color map different from that used for a
velocity, or a displacement or strain is preferably used.

[0057] Assume that, for example, the color map to be used
is designed to express the sign “+” of the change amount,
given by expression (3), by a warm color (e.g., red), the sign
“~” by a cold color (e.g., blue), and the magnitude of the
change amount by hue (or luminance). Assume that such a
color map is used, and a load is applied to a patient who
exhibits normal wall motion before the application of the
load. In this case, if the patient has normal cardiac muscle,
the pump function of the heart is enhanced. Therefore, when
the motion information exhibits strain on a short-axis image,
the degree of increase in wall thickness is displayed in red.
If, however, myocardial ischemia is induced, and a low-
wall-motion region appears, since an increase in wall thick-
ness in the corresponding area decreases, the region is
displayed in blue. This makes it possible to easily discrimi-
nate normal myocardium from abnormal myocardium.

[0058] In some case, an examination for contractility
recovery is performed by drug administration for a patient
with a low-wall-motion region before the application of a
load. In such a case, an area where contractive force is
recovered is displayed in red. This allows the operator to
know that the viability of this portion of the myocardium is
left. In contrast, if the contractive force is not recovered, the
corresponding portion is displayed in orange to yellow in
accordance with the degree of the motion information of the
corresponding portion (or is displayed in red to dark red and
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black when the magnitude of the change amount is con-
verted into brightness). This allows the operator to easily
know that the myocardium of this portion is completely
Necrosis.

[0059] As described above, in the first embodiment, a
displacement or strain as a stable index is obtained as the
motion information of a moving organ in each of phases in
different load states, e.g., jogging and drug administration. A
comparison parameter is computed as the difference, ratio,
or standardized ratio between displacements or strain in the
respective phases. Color display is then performed on the
basis of the computed comparison parameter. This makes it
possible to display a change before and after the application
of a load with high reproducibility. This is because the signal
representing the displacement or strain is more stable than
the signal representing the velocity. In addition, since a
displacement or strain is given on the basis of the time
integration of velocity, the stability is further improved by
using a peak value in a predetermined interval for the
computation of a comparison parameter.

Second Embodiment

[0060] In the first embodiment described above, a com-
parison parameter is calculated by comparing two motion
information images respectively obtained in different phases
for each pixel. Owing to various state changes such as
changes in slice (scan position in each phase) before and
after the application of load, respiration, and heart rate, there
is, however, no guarantee that the positional relationship
between two motion information images as comparison
targets will remain the same. A shift in the positional
relationship between two motion information images may
degrade the stability of a comparison parameter.

[0061] The second embodiment directed to avoid the
above inconvenience will be described below.

[0062] FIG. 4 is a block diagram showing the arrange-
ment of an ultrasound diagnostic apparatus according to the
second embodiment. Note that the same reference numerals
as in FIG. 1 denote the same parts in FIG. 4, and a detailed
description thereof will be omitted.

[0063] As shown in FIG. 4, the ultrasound diagnostic
apparatus of the second embodiment includes an ultrasound
probe 1, transmission unit 2, reception unit 3, B-mode
processing unit 4, velocity computing unit 5, motion infor-
mation computing unit 6, motion information memory 7,
display unit 10, change amount computing unit 11, and
display control unit 12. That is, the ultrasound diagnostic
apparatus of the second embodiment comprises the change
amount computing unit 11 and display control unit 12 in
place of the change amount computing unit 8 and display
control unit 9 in the first embodiment.

[0064] FIG. 5 is a block diagram showing the concrete
arrangement of the change amount computing unit 11.

[0065] As shown in FIG. 5, the change amount computing
unit 11 includes a segment setting unit 11le, comparison
computing unit 115, and output information computing unit
1lc.

[0066] The segment setting unit 1la sets segments in
accordance with, for example, a user instruction. The seg-
ment setting unit 11a preferably displays motion informa-
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tion in each phase to allow the user to execute segment
setting in each phase in correspondence with a position on
an image. This image output is directly supplied from the
segment setting unit 11« to the display control unit 12 and
displayed by the display unit 10 to make the user check the
information.

[0067] The comparison computing unit 115 generates a
comparison parameter by comparing motion information
images by using pieces of motion information in different
phases which are stored in the motion information memory
7. The output information computing unit 86 computes the
intra-segment representative value of the comparison
parameter values generated by the comparison computing
unit 8a. The output information computing unit 85 generates
a comparison parameter image representing the computed
representative value.

[0068] The display control unit 12 generates a display
image which makes the user know the set state of segments
on the basis of the motion information image output from the
segment setting unit 11a. The display control unit 12 also
generates a display image indicating a comparison param-
eter for each segment.

[0069] The operation of the ultrasound diagnostic appa-
ratus according to the second embodiment having the above
arrangement will be described next.

[0070] The operation of the ultrasound diagnostic appa-
ratus according to the second embodiment differs from that
of the ultrasound diagnostic apparatus according to the first
embodiment in “5. Display of Comparison Parameter”.
Therefore, only operation associated with this will be
described below.

[0071] A characteristic feature of the ultrasound diagnos-
tic apparatus of the second embodiment is that the repre-
sentative values of comparison parameter values in anatomi-
cally significant local segments are obtained and compared
with each other in different load states. This technique is
suitable for a case wherein the stability of an output is
regarded more important than spatial resolution.

[0072] The output information computing unit 11¢ obtains
the representative value of comparison parameter values in
a segment.

[0073] As an example of such anatomically significant
segmentation, ASE (American Society of Echocardio-
graphy) segmentation schematically shown in FIG. 6A is
available. In addition, a similar effect can be expected from
a method of providing a plurality of ROIs as shown in FIG.
6B, which simulates ASE segmentation. In practice, as the
representative value of comparison parameter values, the
mean value, median value, or intermediate value of com-
parison parameter values in a segment can be suitably used.

[0074] The output information computing unit 11¢ gener-
ates a comparison parameter image indicating the obtained
representative comparison parameter value.

[0075] FIGS. 7A, 7B, and 7C are views each showing an
example of display of representative values which are com-
pared with each other while different load states are set for
the respective segments in FIG. 6A. The above representa-
tive value is, for example, the intra-area mean value of the
change amount between phases, given by expression (2), in
motion information of strain. In this example, comparison
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parameters obtained in different load states in the respective
segments are displayed by numerical values. In addition,
these numerical values are color-converted with a color map
like that shown in FIG. 7A, and the resultant data are
displayed upon being allocated to the respective segments,
thereby supporting intuitive understanding.

[0076] FIG. 7B schematically shows a comparison result
between phase_1 and phase_0 at the time of application of
a dobutamine load. FIG. 7C schematically shows a com-
parison result between phase_4 and phase_0 at the time of
application of a dobutamine load. Note that phase i and
phase_j to be compared are arbitrarily combined.

[0077] With this operation, the influence of a shift in the
positional relationship between two motion information
images is reduced, and data in the same local area can be
stably and simply compared with each other.

[0078] In addition, since each segment is an anatomically
significant region or the like, the corresponding output
information can be directly used as a report for diagnosis.

Third Embodiment

[0079] The third embodiment directed to avoid a deterio-
ration in the stability of comparison parameters due to a shift
in the positional relationship between two motion informa-
tion images will be described.

[0080] FIG. 8 is a block diagram showing the arrange-
ment of an ultrasound diagnostic apparatus according to the
third embodiment. Note that the same reference numerals as
in FIG. 1 denote the same parts in FIG. 8, and a detailed
description thereof will be omitted.

[0081] As shown in FIG. 8, the ultrasound diagnostic
apparatus of the third embodiment includes an ultrasound
probe 1, transmission unit 2, reception unit 3, B-mode
processing unit 4, velocity computing unit 5, motion infor-
mation computing unit 6, motion information memory 7,
display unit 10, change amount computing unit 13, and
display control unit 14. That is, the ultrasound diagnostic
apparatus of the third embodiment comprises the change
amount computing unit 13 and display control unit 14 in
place of the change amount computing unit 8 and display
control unit 9 in the first embodiment.

[0082] FIG. 9 is a block diagram showing the concrete
arrangement of the change amount computing unit 13. Note
that the same reference numerals as in FIG. 2 denote the
same parts in FIG. 9, and a detailed description thereof will
be omitted.

[0083] Asshown in FIG. 9, the change amount computing
unit 13 includes a comparison computing unit 8a, output
information computing unit 8b, and positioning unit 13a.
That is, the change amount computing unit 13 has an
arrangement equivalent to that of the change amount com-
puting unit 8 to which the positioning unit 134 is added.

[0084] The positioning unit 13z positions two motion
information images used for the calculation of a comparison
parameter in accordance with a user instruction. The posi-
tioning unit 134 also outputs B-mode information contained
in input motion information, as B-mode information for
manual positioning to the display control unit 14.

[0085] The display control unit 14 has a function of
generating a display image which supports the user to issue
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an instruction for positioning, in addition to the function of
the display control unit 9 in the first embodiment. The
display control unit 14 generates a display image for the
above positioning operation on the basis of the B-mode
information for manual positioning which is output from the
positioning unit 13a4.

[0086] The operation of the ultrasound diagnostic appa-
ratus according to the third embodiment having the above
arrangement will be described next.

[0087] A characteristic feature of the ultrasound diagnos-
tic apparatus of the third embodiment is that the user
manually adjusts the positional relationship between two
motion information images as comparison targets.

[0088] The positioning unit 13a extracts B-mode images
in the background from two motion information images as
comparison targets. The position of one B-mode image is
fixed, and the other B-mode image to be compared is made
manually movable. The positioning unit 13 then moves the
movable B-mode image relative to the fixed B-mode image
in accordance with a user instruction. In this case, one
B-mode image and the other B-mode image are colored in
different colors such that when they overlap, the overlapping
portion becomes white. For example, in coloring these
images, green is allocated to one B-mode image, and
magenta is allocated to the other B-mode image. In com-
paring operation, this color allocation supports the user to
properly position the B-mode images by manually moving
them so as to maximize a white area.

[0089] Comparison parameters are calculated and dis-
played in the same manner as in the first embodiment on the
basis of the two motion information images after the execu-
tion of positioning in this manner.

[0090] With this operation, the influence of a shift in the
positional relationship between two motion information
images is reduced, and data in the same local area can be
stably compared with each other.

Fourth Embodiment

[0091] The fourth embodiment directed to avoid a dete-
rioration in the stability of a comparison parameter due to a
shift in the positional relationship between two motion
information images will be described.

[0092] FIG. 10 is a block diagram showing the arrange-
ment of an ultrasound diagnostic apparatus according to the
fourth embodiment. Note that the same reference numerals
as in FIG. 1 denote the same parts in FIG. 10, and a detailed
description thereof will be omitted.

[0093] As shown in FIG. 10, the ultrasound diagnostic
apparatus of the fourth embodiment includes an ultrasound
probe 1, transmission unit 2, reception unit 3, B-mode
processing unit 4, velocity computing unit 5, motion infor-
mation computing unit 6, motion information memory 7,
display control unit 9, display unit 10, and change amount
computing unit 15. That is, the ultrasound diagnostic appa-
ratus of the fourth embodiment comprises the change
amount computing unit 15 in place of the change amount
computing unit 8 in the first embodiment.

[0094] FIG. 11 is a block diagram showing the concrete
arrangement of the change amount computing unit 15. Note
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that the same reference numerals as in FIG. 2 denote the
same parts in FIG. 11, and a detailed description thereof will
be omitted.

[0095] As shown in FIG. 11, the change amount comput-
ing unit 15 includes a comparison computing unit 8a, output
information computing unit 8b, and positioning unit 154.
That is, the change amount computing unit 15 has an
arrangement equivalent to that of the change amount com-
puting unit 8 to which the positioning unit 154 is added.

[0096] The positioning unit 15¢ automatically positions
two motion information images to be used for the calcula-
tion of a comparison parameter.

[0097] The operation of the ultrasound diagnostic appa-
ratus according to the fourth embodiment having the above
arrangement will be described next.

[0098] A characteristic feature of the ultrasound diagnos-
tic apparatus of the fourth embodiment is that the positional
relationship between two motion information images as
comparison targets are automatically adjusted.

[0099] The positioning unit 15 extracts B-mode images
in the background from two motion information images as
comparison targets, and performs pattern matching process-
ing. For pattern matching, for example, a known technique
like that disclosed in Jpn. Pat. Appln. KOKAI Publication
No. 8-164139 can be used. In this case, the two B-mode
images can be automatically and properly positioned by
moving the other B-mode image to be compared to a
position where the two B-mode images match most (look
most similar to each other). Note that pattern matching may
be performed with respect to the entire area of each B-mode
image or only a partial area of each B-mode image. Pattern
matching target areas may be determined in advance or
determined in accordance with the designation by the user.
The positioning unit 15¢ may automatically set target areas.
As a technique of automatically setting target areas, for
example, a technique of extracting an area of each B-mode
image in which a characteristic structure appears.

[0100] A comparison parameter is then calculated and
displayed in the same manner as in the first embodiment on
the basis of the two motion information images positioned in
this manner.

[0101] With this operation, the influence of a shift in the
positional relationship between two motion information
images is reduced, and data in the same local area can be
stably compared with each other.

Fifth Embodiment

[0102] Each embodiment described above is directed to
the value of a displacement or strain of tissue. It is, however,
known that the peak time of a displacement or strain of
tissue locally delays due to abnormality in the tissue such as
myocardial infarction. This phenomenon is called time
delay.

[0103] The fifth embodiment directed to this time delay
will be described below.

[0104] FIG. 12 is a block diagram showing the arrange-
ment of an ultrasound diagnostic apparatus according to the
fifth embodiment. Note that the same reference numerals as
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in FIG. 1 denote the same parts in FIG. 12, and a detailed
description thereof will be omitted.

[0105] As shown in FIG. 12, the ultrasound diagnostic
apparatus of the fifth embodiment includes an ultrasound
probe 1, transmission unit 2, reception unit 3, B-mode
processing unit 4, velocity computing unit 5, motion infor-
mation computing unit 6, motion information memory 7,
display control unit 9, display unit 10, and change amount
computing unit 16. The ultrasound diagnostic apparatus of
the fifth embodiment comprises the change amount com-
puting unit 16 in place of the change amount computing unit
8 in the first embodiment.

[0106] FIG. 13 is a block diagram showing the concrete
arrangement of the change amount computing unit 16. Note
that the same reference numerals as in FIG. 2 denote the
same parts in FIG. 13, and a detailed description thereof will
be omitted.

[0107] As shown in FIG. 13, the change amount comput-
ing unit 16 includes a comparison computing unit 8a, output
information computing unit 85, and peak time detection unit
16a. The change amount computing unit 16 has an arrange-
ment equivalent to that of the change amount computing unit
8 to which the peak time detection unit 164 is added.

[0108] The peak time detection unit 16a detects a peak
time in a cardiac time interval, for each pixel, in which a
displacement or strain peak appears, with respect to each of
motion information images in different phases which are
stored in the motion information memory 7. The peak time
detection unit 16a measures the required time from a pre-
determined reference time to a peak time in a cardiac time
interval, and generates a motion information image repre-
senting the required time for each pixel.

[0109] The operation of the ultrasound diagnostic appa-
ratus according to the fifth embodiment having the above
arrangement will be described next.

[0110] The operation of the ultrasound diagnostic appara-
tus according to the fifth embodiment differs from that of the
ultrasound diagnostic apparatus according to the first
embodiment in “4. Acquisition of Comparison Parameter”.
Therefore, only operation associated with this will be
described below.

[0111] The peak time detection unit 164 measures, for
each pixel(x, y) of a motion information image, a required
time Tp from an interval start time t0 to a peak time in which
apeak value (maximum or minimum value) in a cardiac time
interval t_int like that shown in FIG. 14 is obtained. Note
that the required time Tp may be the required time to a time
in which a value of z % (z is an arbitrary number) of the
maximum or minimum value is obtained.

[0112] The comparison computing unit 82 computes a
change amount (comparison parameter) according to one of
expressions (4), (5), and (6) given below from a peak time
Tp(i, %, y) in phase_i and a peak time Tp(j, X, y) in phase_j.

TpGxy)/Tpxy) ®
Tp(xy)-Tp(i%.y) ®
{TpGxy)-TpGx)}TpGi%y) ©
[0113] Expressions (4), (5), and (6) given above differ

from expressions (1), (2), and (3) in the first embodiment
only in information to be used for computations. Since the
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computations themselves are substantially the same as those
by expressions (1), (2), and (3), the operation of the output
information computing unit 85 is the same as that in the first
embodiment.

[0114] Assume that the sign “+” of the change amount
given by expression (5) is expressed by a warm color (e.g.,
red), the sign “~” is expressed by a cold color (e.g., blue),
and the magnitude of the change amount is expressed by hue
(or luminance). In this case, the meaning of a color map is
created as shown in FIG. 15. Assume that such a color map
is used. In this case, a normal myocardium region exhibiting
no change in peak time before and after the application of a
load is displayed in green without no time difference. In
contrast to this, a myocardium region in which a peak time
associated with a local distortion is delayed (myocardium
ischemia is induced) as a load is applied is gradually
displayed in reddish colors. This makes it possible to sharply
and easily discriminate an abnormal myocardium region
from a normal myocardium region.

[0115] In an ischemic heart disease case in which even if
a wall motion looks normal before the application of a load,
ischemia is induced by the application of the load, and local
delay of the wall motion occurs, the manner of how the local
delay slightly changes before and after the application of the
load can be easily grasped.

[0116] Note that the fifth embodiment can also be
executed by combining characteristic arrangements in the
second to fourth embodiments.

[0117]

follows.

This embodiment can be variously modified as

[0118] The case wherein a reception signal is obtained in
a 2D space has been described. Similar procedures can be
applied to a case wherein a reception signal is obtained in a
3D space, by dimensional extension.

[0119] The functions of the motion information computing
unit 6, change amount computing units 8, 11, 13, 15, and 16,
and display control units 9, 12, and 14 may be executed by
the ultrasound image processing apparatus, implemented by
a personal computer, a workstation, or the like, indepen-
dently of the ultrasound diagnostic apparatus.

[0120] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:

1. An ultrasound diagnostic apparatus which performs
diagnosis of a subject to be examined by using an ultrasound
probe which emits ultrasound waves and receives the ultra-
sound waves reflected by the subject, comprising:

a measuring section which measures a motion velocity of
local tissue of the subject by using an ultrasound waves
transmitted/received by the ultrasound probe;

an acquiring section which acquires motion information
representing a strain or displacement of the tissue on
the basis of the motion velocity; and
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a calculating section which calculates a parameter value
representing a change amount of motion of the tissue
with a change in load on the basis of two pieces of
motion information acquired by the acquiring section in
two load states in which different loads are applied to
the subject.

2. An apparatus according to claim 1, which further

comprises an extracting section, and in which

the measuring section repeatedly measures the motion
velocity at intervals shorter than a motion cycle of the
tissue,

the acquiring section acquire motion-information items
about the motion of the tissue, on the basis of the
motion velocities measured at the intervals,

the extracting section extracts motion-information item of
a peak in an observation period which starts from a
reference time in the motion cycle and is shorter than
the motion cycle; and

the calculating section calculates the parameter value on
the basis of the two pieces of motion information
extracted in the two load states.
3. An apparatus according to claim 1, which further
comprises a measuring section, and in which

the measuring section repeatedly measures the motion
velocity at intervals shorter than a motion cycle of the
tissue,

the acquiring section acquire motion-information items
about the motion of the tissue, on the basis of the
motion velocities measured at the intervals,

the measuring section measures a required time from a
reference time in the motion cycle until a value of the
motion information reaches a predetermined value, and

the calculating section calculates the parameter value on
the basis of the two required times respectively mea-
sured in the two load states.

4. An apparatus according to claim 1, wherein the calcu-
lating section calculates a difference, a ratio, or a standard-
ized ratio between the two pieces of motion information or
the two required times as the parameter value.

5. An apparatus according to claim 1, further comprising
a generating section which generates an image in which the
parameter value is reflected.

6. An apparatus according to claim 5, further comprising
a section which displays the image generated by the gener-
ating section.

7. An apparatus according to claim 5, wherein the gen-
erating section generates a color image expressing the
change amount by a color.

8. An apparatus according to claim 1, which further
comprises an adjusting section which adjusts a relative
positional relationship between two pieces of image infor-
mation each having motion information or a required time as
pixel information which is acquired by the acquiring section
with respect to each of a plurality of local tissues present in
a two-dimensional plane or a three-dimensional space
scanned with the ultrasound probe, and in which

the calculating section calculates a parameter value rep-
resenting a change amount between pieces of pixel
information at the same position in the two pieces of
image information on the basis of the two pieces of
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image information whose positional relationship is
adjusted by the adjusting section.

9. An apparatus according to claim 1, wherein the adjust-
ing section detects a relative positional relationship between
the two pieces of image information by performing pattern
matching for entire two images represented by the two
pieces of image information or partial areas thereof, and
adjusts the positional relationship to a specified relationship.

10. An apparatus according to claim 1, in which the
calculating section calculates a parameter value representing
a change amount between pieces of pixel information at the
same position in two pieces of image information on the
basis of image information having, as pixel information,
motion information or a required time acquired by the
acquiring section with respect to each of a plurality of local
tissues present in a two-dimensional plane or a three-
dimensional space scanned with the ultrasound probe, and

which further comprises a section which selects a repre-
sentative value in an anatomically significant local
segment or an local region of interest set in the two-
dimensional plane or the three-dimensional space from
parameter values calculated by the calculating section.
11. An ultrasound image processing method of perform-
ing image processing for diagnosis of a subject to be
examined on the basis of a motion velocity measured with
respect to local tissue in the subject by using ultrasound
waves transmitted/received by an ultrasound probe, com-
prising:

acquiring motion information representing a strain or
displacement of the tissue on the basis of the motion
velocity; and

calculating a parameter value representing a change
amount of motion of the tissue with a change in load on
the basis of two pieces of motion information acquired
in two load states in which different loads are applied
to the subject.

12. A method according to claim 11, further comprising

acquiring motion-information items about the motion of
the tissue, on the basis of the motion velocity repeat-
edly measured at intervals shorter than a motion cycle
of the tissue,

extracting motion information of a peak in an observation
period which starts from a reference time in the motion
cycle and is shorter than the motion cycle, and

calculating the parameter value on the basis of the two
pieces of motion information extracted in the two load
states.

13. A method according to claim 11, further comprising

acquiring motion-information items about the motion of
the tissue, on the basis of the motion velocities mea-
sured at intervals shorter than a motion cycle of the
tissue,
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measuring a required time from a reference time in the
motion cycle until a value of the motion information
reaches a predetermined value, and

calculating the parameter value on the basis of the two
required times respectively measured in the two load
states.

14. A method according to claim 11, further comprising
calculating a difference, a ratio, or a standardized ratio
between the two pieces of motion information or the two
required times as the parameter value.

15. A method according to claim 11, further comprising
generating an image in which the parameter value is
reflected.

16. A method according to claim 15, further comprising
displaying the image.

17. A method according to claim 15, further comprising
generating as the image a color image expressing the change
amount by a color.

18. A method according to claim 11, which further com-
prises adjusting a relative positional relationship between
two pieces of image information each having motion infor-
mation or a required time as pixel information which is
acquired with respect to each of a plurality of local tissues
present in a two-dimensional plane or a three-dimensional
space scanned with the ultrasound probe, and

calculating the parameter value as a value representing a
change amount between pieces of pixel information at
the same position in the two pieces of image informa-
tion on the basis of the two pieces of image information
whose positional relationship has been adjusted.

19. A method according to claim 11, wherein the posi-
tional relationship is adjusted by detecting a relative posi-
tional relationship between the two pieces of image infor-
mation by performing pattern matching for entire two
images represented by the two pieces of image information
or partial areas thereof, and adjusting the positional rela-
tionship to a specified relationship.

20. A method according to claim 11, further comprising
calculating a parameter value representing a change amount
between pieces of pixel information at the same position in
two pieces of image information, on the basis of image
information having, as pixel information, motion informa-
tion or a required time acquired with respect to each of a
plurality of local tissues present in a two-dimensional plane
or a three-dimensional space scanned with the ultrasound
probe, and

selecting a representative value in an local segment or a
local region of interest set in the two-dimensional plane
or the three-dimensional space from the calculated
parameter values.
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