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(57) ABSTRACT

A tomographic image and a tissue characteristic image that
are in conformity with each other in terms of time-phase and
positional relationships can be displayed superimposedly,
thereby providing an excellent ultrasonic diagnostic appa-
ratus that enables an easy and detailed observation of a
relationship between a structure and a characteristic of a
subject tissue. During an operation of ultrasonic wave trans-
mission/reception (in a live mode), a control part (100)
allows a tomographic image to be renewed continuously,
displayed on a monitor (107), and stored in a tomographic
image memory (110), while allowing an elastic modulus
image as a tissue characteristic image to be renewed per
heartbeat, displayed on the monitor, and stored in an elastic-
modulus-image memory (111) as a tissue characteristic
image memory. During a suspension of ultrasonic wave
transmission/reception (in a cine mode), the control part
(100) allows the elastic modulus image to be read out from
the elastic-modulus-image memory and the tomographic
image that is in synchronization with the elastic modulus

(51) Imt. CL image to be read out from the tomographic image memory,
A61B  8/00 (2006.01) and allows these images to be displayed on the monitor.
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ULTRASONIC DIAGNOSTIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus that displays a superimposed tomographic
image and tissue characteristic image.

BACKGROUND ART

[0002] Conventional ultrasonic diagnostic apparatuses
have a configuration in which the intensity of a reflection
echo signal obtained as a result of ultrasonic wave irradia-
tion onto a subject is converted into a luminance of a
corresponding pixel so that the structure of the subject is
displayed in the form of a tomographic image. Further, in
recent years, there has been an attempt to measure a move-
ment of a subject precisely by analyzing a phase of a
reflection echo signal so as to determine an elastic modulus
of the subject based on a result of the measurement.

[0003] As Conventional Example 1, a method has been
proposed in which high-precision tracking is performed by
determining an instantaneous position of a subject using
both an amplitude and a phase of an output signal obtained
as a result of detection of a reflection echo signal so that
minute vibrations in a large amplitude displacement motion
caused due to pulsations are captured (see, for example,
JP10(1998)-005226 A).

[0004] Furthermore, as Conventional Example 2. a
method and an apparatus that are based on a development of
the method according to Conventional Example 1 have been
proposed. The method is such that, with respect to a large
amplitude displacement motion of each of inner and outer
surfaces of a blood vessel wall caused due to heartbeats,
precise tracking for determining a motion speed of minute
vibrations superimposed on the large amplitude displace-
ment motion is performed so that a local elastic modulus of
the blood vessel wall is determined based on a difference in
the motion speed. The apparatus performs a display in such
a manner that a spatial distribution of an elastic modulus is
superimposed on a tomographic image (see, for example,
JP2000-229078 A).

[0005] However, Conventional Example 2 described
above makes no mention of a method for displaying an
elastic modulus image and a tomographic image and an
operation of the apparatus. According to Conventional
Example 2 described above, in order to measure an elastic
modulus, it is necessary to determine an amplitude of minute
vibrations by performing tracking of a movement of a blood
vessel wall caused in one heartbeat interval. That is, an
elastic modulus image is changed only once per heartbeat. It
follows, therefore, that since one heartbeat takes about one
second, an elastic modulus image has a frame rate of about
one frame per second. Meanwhile, generally, a tomographic
image is displayed at 15 to 30 frames per second. Thus,
when a display is performed in such a manner that an elastic
modulus image is superimposed simply on a tomographic
image, due to a large difference in frame rate, it is unclear
to which portion an elastic modulus corresponds, which has
been problematic.

DISCLOSURE OF INVENTION

[0006] In view of the above-described conventional prob-
lem, it is an object of the present invention to provide an
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excellent ultrasonic diagnostic apparatus that can display a
superimposed tomographic image and tissue characteristic
image such as an elastic modulus image that are in confor-
mity with each other in terms of time-phase and positional
relationships during a suspension of ultrasonic wave trans-
mission/reception, namely, in a cine mode, thereby enabling
an easy and detailed observation of a relationship between a
structure and a characteristic of a subject tissue.

[0007] In order to achieve the above-mentioned object, an
ultrasonic diagnostic apparatus according to the present
invention includes: ultrasonic wave transmission/reception
means that transmits/receives an ultrasonic wave with
respect to a subject; a tomographic image processing part
that forms a tomographic image representing a structure of
the subject based on a reception signal; a tissue character-
istic processing part that forms a tissue characteristic image
representing a physical characteristic of a tissue of the
subject through analysis of the reception signal; memory
means (tomographic image memory, tissue characteristic
image memory) that stores the tomographic image and the
tissue characteristic image, respectively; an image compos-
ing part that combines at least the tomographic image and
the tissue characteristic image; display means that displays
at least the tomographic image and the tissue characteristic
image; and control means that, during an operation of
ultrasonic wave transmission/reception (in a live mode),
allows the tomographic image to be renewed in an arbitrary
cycle, displayed by the display means, and stored in the
memory means, while allowing the tissue characteristic
image to be renewed in a cycle different from the cycle for
the tomographic image, displayed by the display means, and
stored in the memory means, and during a suspension of
ultrasonic wave transmission/reception (in a cine mode),
allows arbitrary one of the tissue characteristic images that
have been acquired previously and one of the tomographic
images that is in synchronization with the tissue character-
istic image to be read out from the memory means, respec-
tively and displayed by the display means.

[0008] According to this configuration, in a live mode, a
tomographic image can be obtained in real time, and thus a
probe operation such as for positioning and operations of
setting various values such as a gain can be performed
easily, and in a cine mode, a tomographic image and a tissue
characteristic image can be obtained that are in conformity
with each other in terms of time-phase and positional
relationships between a structure and a characteristic of a
subject tissue.

[0009] Inthe ultrasonic diagnostic apparatus configured as
above, preferably, the display means is divided into a first
display region and a second display region, and displays at
least the tomographic image in the first display region and at
least the tomographic image on which the tissue character-
istic image is superimposed in the second display region.
During the operation of ultrasonic wave transmission/recep-
tion, the control means allows the tomographic image to be
displayed at least in the first display region of the display
means, while allowing the tissue characteristic image to be
displayed in the second display region of the display means,
and during the suspension of ultrasonic wave transmission/
reception, the control means allows the tissue characteristic
image and one of the tomographic images that is in syn-
chronization with the tissue characteristic image to be read
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out from the memory means, respectively and displayed at
least in the second display region of the display means.

[0010] According to this configuration, a display screen is
divided into two, and thus a portion hidden by a tissue
characteristic image also can be viewed at the same time.
Therefore, in a live mode, a probe operation such as for
positioning and operations of setting various values such as
a gain can be performed more easily. Further, in a cine mode,
a tomographic image and a tissue characteristic image that
coincide with each other in time phase can be obtained at the
same time, and thus by comparing the tomographic image
with the tissue characteristic image, a relationship between
a structure and a characteristic of a subject tissue can be
grasped easily.

[0011] Furthermore, preferably, during the operation of
ultrasonic wave transmission/reception, one of the tomo-
graphic images that is in synchronization with the tissue
characteristic image is displayed in the second display
region. According to this configuration, even in a live mode,
a tomographic image and a tissue characteristic image that
are in conformity with each other in terms of a positional
relationship between a structure and a characteristic of a
subject tissue are displayed in a second display region,
thereby allowing a diagnosis result to be obtained immedi-
ately.

[0012] Furthermore, preferably, during the suspension of
ultrasonic wave transmission/reception, one of the tomo-
graphic images that is in synchronization with the tissue
characteristic image is displayed in the first display region.
According to this configuration, in a cine mode, a tomo-
graphic image and a tissue characteristic image that coincide
with each other in time phase can be obtained at the same
time, and thus by comparing the tomographic image with the
tissue characteristic image, a relationship between a struc-
ture and a characteristic of a subject tissue can be grasped
easily.

[0013] Furthermore, preferably, during the suspension of
ultrasonic wave transmission/reception, the tissue character-
istic image that is obtained based on a time period in which
the tomographic image displayed in the first display region
is included and the tomographic image that is in synchro-
nization with the tissue characteristic image are displayed
superimposedly in the second display region. According to
this configuration, a tomographic image can be displayed
frame by frame in a first display region, thereby allowing a
detailed examination of a dynamic structural change of a
subject tissue in a time period used for calculation of a
characteristic of the tissue.

[0014] Furthermore, preferably, the image composing part
allows a related waveform that contains information corre-
sponding to at least one of the tomographic image and the
tissue characteristic image to be displayed on a display
screen of the display means in such a manner as to be
combined with the tomographic image and the tissue char-
acteristic image, and during the suspension of ultrasonic
wave transmission/reception, the control means allows a
portion of the related waveform to be displayed in a high-
lighted manner, which corresponds to a time period in which
the tissue characteristic image being displayed is formed.
According to this configuration, it is possible to establish a
visual correspondence between a tissue characteristic image
and a portion of an electrocardiographic waveform or a
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phonocardiographic waveform that corresponds to a time
period in which the tissue characteristic image is formed.

[0015] Furthermore, preferably, a tissue characteristic is
an elastic modulus. According to this configuration, an
elastic modulus image can be obtained that represents hard-
ness/softness of a subject tissue and is in conformity in terms
of a positional relationship with a tomographic image rep-
resenting a structure of the tissue.

[0016] As an alternative, preferably, a tissue characteristic
is a strain or a strain rate. According to this configuration, a
characteristic of a subject tissue can be shown excellently
that represents deformability of the tissue and is in confor-
mity in terms of a positional relationship with a tomographic
image representing a structure of the tissue.

[0017] As an alternative, preferably, a tissue characteristic
is a viscosity. According to this configuration, a character-
istic of a subject tissue can be shown excellently that
represents a viscosity of the tissue and is in conformity in
terms of a positional relationship with a tomographic image
representing a structure of the tissue.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 is a block diagram showing an example of
a configuration of an ultrasonic diagnostic apparatus accord-
ing to each of embodiments of the present invention.

[0019] FIG. 2 is a timing chart showing an electrocardio-
graphic or phonocardiographic waveform, tomographic
image display frames, elastic-modulus-image display
frames according to Embodiment 1 of the present invention.

[0020] FIG. 3 is a diagram showing an example of a
monitor display screen in a live mode illustrated in FIG. 2.

[0021] FIG. 4 is a diagram showing an example of a
monitor display screen right after being frozen as illustrated
in FIG. 2.

[0022] FIG. 5 is a diagram showing an example of a
monitor display screen in a cine mode illustrated in FIG. 2.

[0023] FIG. 6 is a diagram showing an example of a
monitor display screen according to a modification of
Embodiment 1 of the present invention.

[0024] FIG. 7 is a diagram showing an example of a
monitor display screen in a live mode in an ultrasonic
diagnostic apparatus according to Embodiment 2 of the
present invention.

[0025] FIG. 8 is a diagram showing an example of a
monitor display screen in a cine mode in the ultrasonic
diagnostic apparatus according to Embodiment 2 of the
present invention.

[0026] FIG. 9 is a timing chart showing an electrocardio-
graphic or phonocardiographic waveform, left-side tomo-
graphic image display frames, right-side tomographic image
display frames, and elastic-modulus-image display frames
according to Embodiment 2 of the present invention.

[0027] FIG. 10 is a timing chart showing an electrocar-
diographic or phonocardiographic waveform, left-side
tomographic image display frames, right-side tomographic
image display frames, and elastic-modulus-image display
frames according to a modification of Embodiment 2 of the
present invention.
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[0028] FIG. 11 is a timing chart showing an electrocar-
diographic or phonocardiographic waveform, left-side
tomographic image display frames, right-side tomographic
image display frames, and elastic-modulus-image display
frames according to another modification of Embodiment 2
of the present invention.

[0029] FIG. 12 is a timing chart showing an electrocar-
diographic or phonocardiographic waveform, left-side
tomographic image display frames, right-side tomographic
image display frames, and elastic-modulus-image display
frames according to still another modification of Embodi-
ment 2 of the present invention.

[0030] FIG. 13 is a diagram showing an example of a
monitor display screen in a cine mode illustrated in FIG. 11
or FIG. 12.

DESCRIPTION OF THE INVENTION

[0031] Hereinafter, the present invention will be described
by way of preferred embodiments with reference to the
appended drawings.

[0032] In each of the embodiments of the present inven-
tion, the description is directed to the case in which a tissue
characteristic image is an elastic modulus image. However,
the present invention is not limited thereto and is applicable
to any tissue characteristic image of a subject tissue that is
acquired in a cycle different from a cycle for a tomographic
image such as an image representing a strain, a strain rate,
a viscosity or the like of a tissue.

Embodiment 1

[0033] FIG. 1 is a block diagram showing an example of
a configuration of an ultrasonic diagnostic apparatus accord-
ing to Embodiment 1 of the present invention. In FIG. 1, a
control part 100 as control means controls operations of the
entire ultrasonic diagnostic apparatus. This control relates to
all operations such as setting of various parameters for
signal processing, control of transmission/reception timing,
live/cine mode switching by pressing of a freeze key, mode
control, and control of a screen display.

[0034] Upon reception of an instruction from the control
part 100, a transmission part 102 drives a probe 101. The
probe 101 converts a transmission drive signal from the
transmission part 102 into an ultrasonic wave and irradiates
the ultrasonic wave to a subject, while converting an ultra-
sonic echo reflected from inside the subject into an electric
signal. A reception part 103 amplifies a reception signal,
while detecting only an ultrasonic wave from a predeter-
mined position/direction.

[0035] A tomographic image processing part 104 is com-
posed of a bandpass filter, a logarithmic amplifier, a wave
detector and the like and forms an image representing an
internal structure of the subject. Generally, a tomographic
image is formed at 15 to 30 frames per second. In this
embodiment, an elastic modulus is used as a tissue charac-
teristic representing a physical characteristic of a tissue.
Accordingly, an elastic-modulus-image processing part 105
that is a tissue characteristic image processing part mea-
sures, based on a reception signal, a strain of a subject tissue
caused due to a change in blood pressure, calculates a local
elastic modulus of the tissue based on a difference in blood
pressure measured in a blood pressure measuring part 108
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and the strain, and forms an image representing a result of
the calculation. In this embodiment, an elastic modulus is
calculated by using, for example, the algorithm disclosed in
Conventional Example 2. That is, a movement of the tissue
caused in one heartbeat interval is tracked so that a strain of
the tissue is determined, and an elastic modulus is calculated
based on a maximum blood pressure and a minimum blood
pressure that occur in one heartbeat interval. That is, an
elastic modulus image is formed once per heartbeat.

[0036] An image composing part 106 combines a tomo-
graphic image formed in the tomographic image processing
part 104, an elastic modulus image formed in the elastic-
modulus-image processing part 105, and an electrocardio-
graphic waveform or a phonocardiographic waveform
obtained in an electrocardiographic or phonocardiographic
measurement part 109, allowing these combined images to
be displayed on a monitor 107 as display means. Further, a
tomographic image memory 110 and an elastic-modulus-
image memory 111 as memory means store a tomographic
image and an elastic modulus image, respectively, and a
waveform memory 112 stores a phonocardiographic wave-
form or an electrocardiographic waveform.

[0037] The following describes an operation of the ultra-
sonic diagnostic apparatus having the above-described con-
figuration in further detail with reference to FIGS. 2 to 5.

[0038] FIG. 2 is a timing chart showing an electrocardio-
graphic waveform 204, display frames of a tomographic
image 200, and display frames of an elastic modulus image
201, which are displayed on the monitor 107 in a state where
data is changed during an operation of ultrasonic wave
transmission/reception (hereinafter, referred to as a live
mode) and a state where previous data is referred to during
a suspension of ultrasonic wave transmission/reception
(hereinafter, referred to as a cine mode).

[0039] FIG. 3 shows a display screen of the monitor 107
in the live mode shown in FIG. 2. FIG. 4 shows a display
screen of the monitor 107 right after being shifted to the cine
mode by pressing of a freeze key. FIG. 5 shows a display
screen of the monitor 107 in the case where an image
reversing operation is performed in the cine mode shown in
FIG. 2.

[0040] As shown in each of FIGS. 3 to 5, on a display
screen of the monitor 107, the elastic modulus image 201 is
displayed in such a manner as to be superimposed on the
tomographic image 200. Further, on the display screen, a
reflection intensity scale 202 that shows a correspondence
between an reflection intensity of the tomographic image
200 and a luminance on the screen, an elastic modulus scale
203 that shows a correspondence between an elastic modu-
lus and a color tone or a luminance on the screen, an
electrocardiographic or phonocardiographic image 204, and
the like are displayed. As an example, the tomographic
image 200 and the elastic modulus image 201 shown in each
of FIGS. 3 to 5 show across section along a longitudinal axis
of ablood vessel (blood vessel wall 301) having an atheroma
302.

[0041] The following description is made in accordance
with the timing shown in FIG. 2.

[0042] Firstly, in the live mode, the tomographic image
200 is changed continuously at 15 to 30 frames per second
so that a newest image is displayed at all times. Meanwhile,
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the elastic modulus image 201 to be displayed in such a
manner as to be superimposed on the tomographic image
200 is formed by calculation of an elastic modulus based on
a strain of a tissue and a difference in blood pressure that are
caused in one heartbeat interval, and thus is changed in
synchronization with a heartbeat, so that the elastic modulus
image 201 obtained in a heartbeat period preceding by one
heartbeat interval is displayed. Although the tomographic
image 200 that is in correspondence with the elastic modulus
image 201 in terms of time-phase and positional relation-
ships (hereinafter, expressed as being “in synchronization™)
is one of images obtained in one heartbeat period, an initial
tomographic image is assumed to be used herein.

[0043] That is, referring to FIG. 2, a elastic-modulus-
image display frame C is formed using an elastic modulus
calculated based on a reception signal obtained in a heart-
beat period ¢, and thus only a tomographic image display
frame 2 that is obtained initially in the heartbeat period c is
in synchronization with the elastic-modulus-image display
frame C. Consequently, in the live mode, there is no coin-
cidence between an elastic modulus represented by the
elastic modulus image 201 and a tissue structure represented
by the tomographic image 200.

[0044] In the live mode, the tomographic image 200 and
the elastic modulus image 201 are stored in the tomographic
image memory 110 and the elastic modulus memory 111,
respectively. Further, a phonocardiographic or electrocar-
diographic waveform obtained in the electrocardiographic
or phonocardiographic measurement part 109 is displayed
continuously on the screen and stored in the waveform
memory 112.

[0045] Next, right after a shift 1o the cine mode is per-
formed in which ultrasonic wave transmission/reception is
suspended by pressing of the freeze key, as shown in FIG.
4, a newest image as the elastic modulus image 201 and one
of the tomographic images 200 that is in synchronization
with the newest image are displayed on the monitor 107.
Referring to FIG. 2, a display frame D (denoted by 201(D))
of the newest image as the elastic modulus image 201 at a
point of time when the freeze key is pressed, is an elastic
modulus image formed based on a strain caused in a
heartbeat period d. Therefore, a display frame 7 (200(7)) of
a tomographic image as the tomograhic image 200 that is
obtained initially in the heartbeat period d and is in syn-
chronization with the frame D is read out from the tomo-
graphic image memory 110 and is displayed on the monitor
107. Further, as shown in FIG. 4, a portion of the electro-
cardiographic or phonocardiographic waveform 204 that
corresponds to a heartbeat period CC (=d) in which the
elastic-modulus-image display frame 201(D) is formed is
displayed in a highlighted manner by means of a change in
luminance or color tone (shown by a bold line in the figure).

[0046] Inthe cine mode, it is possible to refer to a previous
image by performing an image reversing/forwarding opera-
tion. In this embodiment, only an elastic-modulus-image
display frame and a tomographic image display frame that is
in synchronization therewith are read out from the elastic-
modulus-image memory 111 and the tomographic image
memory 110, respectively, and are displayed. Referring to
FIG. 2, when an image reversing operation is performed, the
immediately preceding display frame C (201(C)) of the
elastic modulus image 201 is read out from the elastic-
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modulus-image memory 111, while the display frame 2
(200(2)) of the tomographic image 200 that is in synchro-
nization with the elastic-modulus-image display frame
201(C) is read out from the tomographic image memory 110,
and these frames are displayed.

[0047] As shown in FIG. 5, the elastic-modulus-image
display frame 201(C) and the tomographic image display
frame 200(2) are displayed as superimposed, and a portion
of the electrocardiographic or phonocardiographic wave-
form 204 that corresponds to a heartbeat period CC (=c¢) in
which an elastic modulus image being displayed is formed
is displayed in a highlighted manner by means of a change
in luminance or color tone (shown by a bold line in the
figure).

[0048] Referring to FIG. 2, when an image forwarding
operation is performed subsequently, the elastic-modulus-
image display frame D that immediately follows the elastic-
modulus-image display frame C is read out from the elastic-
modulus-image memory 111, while the tomographic image
display frame 7 that is in synchronization with the elastic-
modulus-image display frame D is read out from the tomo-
graphic image memory 110, and these frames are displayed
on the monitor 107.

[0049] As described above, according to this embodiment,
in a live mode, a tomographic image can be obtained in real
time, and thus a probe operation such as for positioning and
operations of setting various values such as a gain can be
performed easily, and in a cine mode, a tomographic image
and an elastic modulus image can be obtained that are in
conformity with each other in terms of time-phase and
positional relationships between a structure and an elastic
modulus of a subject tissue.

[0050] By enabling ON/OFF switching between superim-
posed and non-superimposed states of the elastic modulus
image 201 on the tomographic image 200, the relationship
between an elastic modulus and a structure can be grasped
more easily.

[0051] Moreover, the same effect also can be obtained by,
as shown in FIG. 6, displaying only a region (ROI: Region
of Interest) 208 to be examined on the tomographic image
200 using a broken line, and displaying an image as the
elastic modulus image 201 that corresponds to the ROI 208
in a separate region.

Embodiment 2

[0052] The following describes an ultrasonic diagnostic
apparatus according to Embodiment 2 of the present inven-
tion. The ultrasonic diagnostic apparatus according to this
embodiment has the same configuration as shown in FIG. 1
referred to in the description of Embodiment 1. A difference
from Embodiment 1 is that a display screen of a monitor 107
is divided into two, and only a tomographic image is
displayed in one display region (left-side display region),
and a tomographic image on which an elastic modulus
image 201 is superimposed is displayed in the other display
region (right-side display region).

[0053] FIG. 7 shows a display screen of the monitor 107
in a live mode, and FIG. 8 shows a display screen of the
monitor 107 in the case where an image reversing operation
is performed in a cine mode. FIG. 9 is a timing chart
showing an electrocardiographic or phonocardiographic
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waveform 204, display frames of a left-side tomographic
image 205 on which an elastic modulus image 201 is not
superimposed, display frames of a right-side tomographic
image 206 on which the elastic modulus image 201 is
superimposed, and display frames of the elastic modulus
image 201, which are displayed on the monitor 107 in the
live mode and the cine mode.

[0054] In FIG. 9, as for the right-side tomographic image
206 on which the elastic modulus image 201 is superim-
posed, the same applies as in Embodiment 1. Meanwhile, in
the cine mode, the display frames of the left-side tomo-
graphic image 205 are in synchronization with the display
frames of the elastic modulus image 201.

[0055] As described above, a display screen is divided into
two, and thus a portion hidden by the elastic modulus image
201 also can be viewed at the same time. Therefore, in the
live mode, a probe operation such as for positioning and
operations of setting various values such as a gain can be
performed more easily. Further, in the cine mode, a tomo-
graphic image and a elastic modulus image that coincide
with each other in time phase can be obtained at the same
time, and thus by comparing the tomographic image with the
elastic modulus image, the relationship between a structure
and an elastic modulus of a subject tissue can be grasped
easily.

[0056] FIG. 10 is a timing chart showing the electrocar-
diographic or phonocardiographic waveform 204, display
frames of the left-side tomographic image 205 on which the
elastic modulus image 201 is not superimposed, display
frames of the right-side tomographic image 206 on which
the elastic modulus image 201 is superimposed, and display
frames of the elastic modulus image 201, which are dis-
played on the monitor 107 in the live mode and the cine
mode, according to a modification of this embodiment.

[0057] Referring to FIG. 10, even in the live mode, a
display frame 2 of the right-side tomographic image 206 is
in synchronization with a display frame C of the elastic
modulus image 201. An operation performed in the cine
mode is the same as in the case shown in FIG. 9.

[0058] As described above, according to the modification
of this embodiment, even in a live mode, a tomographic
image and the elastic modulus image 201 that are in con-
formity with each other in terms of a positional relationship
between a structure and an elastic modulus of a subject
tissue are displayed in the right-side display region for the
right-side tomographic image 206, thereby allowing a diag-
nosis result to be obtained immediately.

[0059] Each of FIGS. 11 and 12 is a timing chart showing
the electrocardiographic or phonocardiographic waveform
204, display frames of the lefi-side tomographic image 205
on which the elastic modulus image 201 is not superim-
posed, display frames of the right-side tomographic image
206 on which the elastic modulus image 201 is superim-
posed, and display frames of the elastic modulus image 201,
which are displayed on the monitor 107 in the live mode and
the cine mode, according to each of other modifications of
this embodiment. Operations in the live mode shown in
FIGS. 11 and 12 are the same as those shown in FIGS. 9
and 10, respectively. The following mainly describes the
differences.

[0060] Firstly, right after a shift to the cine mode is
performed by pressing of a freeze key, referring to FIG. 11
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or FIG. 12, in the right-side display region for the right-side
tomographic image 206, a display frame D of a newest
elastic modulus image and a display frame 7 of a tomo-
graphic image that corresponds thereto are displayed, while
in the left-side display region for the left-side tomographic
image 205, a display frame 13 of a newest tomographic
image is displayed.

[0061] Next, when an image reversing operation is per-
formed in the cine mode, in the left-side display region for
the left-side tomographic image 205, an immediately pre-
ceding frame as a tomographic image is displayed sequen-
tially by reading out from a tomographic image memory 110
(display frames 12, 11,10, . . . ). Meanwhile, in the right-side
display region for the right-side tomographic image 206, an
elastic-modulus-image  display frame 201(D) that is
obtained based on a heartbeat period in which a frame being
displayed as the left-side tomographic image 205 is included
is displayed by reading out from an elastic-modulus-image
memory 111, while a tomographic image display frame
206(7) that is in synchronization with the elastic-modulus-
image display frame 201(D) is displayed by reading out
from the tomographic image memory 110.

[0062] In this case, however, since a heartbeat period
including the image at the timing when the freeze key is
pressed is not completed, an elastic-modulus-image display
frame obtained right before the heartbeat period and a
tomographic image display frame corresponding thereto are
displayed.

[0063] Thus, according to either of operations shown in
FIGS. 11 and 12, every time an image reversing operation
is performed, in the left-side display region for the left-side
tomographic image 205, an immediately preceding frame as
a tomorgraphic image is displayed sequentially by reading
out from the tomographic image memory 110. Meanwhile,
in the right-side display region for the right-side tomo-
graphic image 206, only after a heartbeat period in which the
left-side tomographic image 205 is included is shified from
d to c, that is, the left-side tomographic image 205 is
changed from a display frame 7 to a display frame 6 and is
displayed, the elastic-modulus-image display frame 201(D)
and the tomographic image display frame 206(7) corre-
sponding thereto are changed to an elastic-modulus-image
display frame 201(C) and a tomographic image 206(2)
corresponding thereto, respectively, and are displayed.

[0064] FIG. 13 shows a display screen in the case where,
as a result of performing an image reversing operation
illustrated in FIG. 11 or FIG. 12, a change to the elastic-
modulus-image display frame 201(C) and the tomographic
image display frame 206(2) corresponding thereto is pet-
formed. In the left-side display region for the left-side
tomographic image 205, a tomographic image display frame
205(5) is displayed, while in the right-side display region for
the right-side tomographic image 206, the superimposed
elastic-modulus-image display frame 201(C) and tomo-
graphic image display frame 206(2) are displayed. Further,
a portion of the electrocariographic waveform or phonocar-
diographic waveform 204 that corresponds to a heartbeat
period in which an elastic modulus image being displayed is
formed is displayed in a highlighted manner by means of a
change in luminance or color tone (shown by a bold line in
the figure), and a maker 207 that indicates a time phase of
the display frame 205(5) of the left-side tomographic image
205 is displayed below the waveform.



US 2006/0173309 A1l

[0065] As described above, according to the other modi-
fications of this embodiment, in a left-side display region for
the left-side tomographic image 205, a tomographic image
can be displayed frame by frame, thereby allowing a detailed
examination of a dynamic structural change of a subject
tissue in a heartbeat period used for a calculation of an
elastic modulus.

[0066] Similarly to Embodiment 1, by enabling ON/OFF
switching between superimposed and non-superimposed
states of the elastic modulus image 201 on the right-side
tomographic image 206, a relationship between an elastic
modulus and a structure can be grasped more easily.

[0067] Each of the embodiments of the present invention
describes an ultrasonic diagnostic apparatus that calculates a
strain of a subject tissue responsive to a change in blood
pressure per heartbeat so as to determine an elastic modulus.
However, the present invention also is applicable to an
ultrasonic diagnostic apparatus that determines tissue char-
acteristics of a subject such as a strain, a strain rate, an elastic
modulus, a viscosity and the like of the tissue by calculation
based on a change caused in a reception signal due to
externally caused compression/relaxation or vibrations. In
this case, preferably, a formation cycle of a tissue charac-
teristic image is set so as to coincide with a cycle of the
occurrence of the externally caused compression/relaxation
or vibrations.

[0068] Furthermore, a one-dimensional waveform dis-
played on the display screen of the monitor 107 is not
limited to an electrocardiographic or a phonocardiographic
waveform. Various types of related waveforms can be dis-
played that include a waveform representing information on
a subject such as a waveform of a blood pressure measured
in real time and a waveform showing a change in internal
diameter of a blood vessel, a tissue tracking waveform and
a waveform showing a change in thickness of a tissue, and
awaveform representing a progress in determining an elastic
modulus such as a waveform showing a strain. Thus, in the
case where a waveform representing information on a sub-
ject is displayed, it is possible to obtain the necessary
information on the subject from one screen without referring
to a separate display apparatus. Further, in the case where a
waveform representing a progress is displayed, it is possible
to perform a detailed observation of information used for
conclusive determination of a tissue characteristic. That is,
by allowing a waveform to be displayed that contains
information corresponding to at least one of a tomographic
image and a tissue characteristic image, effective referring to
information related to an image being displayed is enabled.
Moreover, a time period in which an elastic modulus image
is formed can be displayed in a highlighted manner by
various methods without any limitation to the use of a
change in luminance or color tone. Such methods include the
use of a different type of line such as a bold line, a thin line,
a dotted line or the like and the enclosure with a square,
parentheses or the like. Thus, information on a waveform
corresponding to a time period in which an elastic modulus
image is formed can be recognized at a glance.

INDUSTRIAL APPLICABILITY

[0069] According to the present invention, a tomographic
image and a tissue characteristic image that are in confor-
mity with each other in terms of time-phase and positional
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relationships can be displayed superimposedly, and thus an
excellent ultrasonic diagnostic apparatus can be provided
that enables an easy and detailed observation of a relation-
ship between a structure and a characteristic of a subject
tissue.

1. An ultrasonic diagnostic apparatus, comprising:

ultrasonic wave transmission/reception means that trans-
mits/receives an ultrasonic wave with respect to a
subject;

a tomographic image processing part that forms a tomo-
graphic image representing a structure of the subject
based on a reception signal;

a tissue characteristic image processing part that forms a
tissue characteristic image representing a physical char-
acteristic of a tissue of the subject through analysis of
the reception signal,

memory means that stores the tomographic image and the
tissue characteristic image, respectively;

an image composing part that combines at least the
tomographic image and the tissue characteristic image;

display means that displays at least the tomographic
image and the tissue characteristic image; and

control means that, during an operation of ultrasonic wave
transmission/reception, allows the tomographic image
to be renewed in an arbitrary cycle, displayed by the
display means, and stored in the memory means, while
allowing the tissue characteristic image to be renewed
in a cycle different from the cycle for the tomographic
image, displayed by the display means, and stored in
the memory means, and during a suspension of ultra-
sonic wave transmission/reception, allows arbitrary
one of the tissue characteristic images that have been
acquired previously and one of the tomographic images
that is in synchronization with the tissue characteristic
image to be read out from the memory means, respec-
tively and displayed by the display means.

2. The ultrasonic diagnostic apparatus according to claim

17

wherein the display means is divided into a first display
region and a second display region, and displays at least
the tomographic image in the first display region and at
least the tomographic image on which the tissue char-
acteristic image is superimposed in the second display
region,

during the operation of ultrasonic wave transmission/
reception, the control means allows the tomographic
image to be displayed at least in the first display region
of the display means, while allowing the tissue char-
acteristic image to be displayed in the second display
region of the display means, and

during the suspension of ultrasonic wave transmission/
reception, the control means allows the tissue charac-
teristic image and one of the tomographic images that
is in synchronization with the tissue characteristic
image to be read out from the memory means, respec-
tively and displayed at least in the second display
region of the display means.

3. The ultrasonic diagnostic apparatus according to claim

25
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wherein during the operation of ultrasonic wave trans-
mission/reception, one of the tomographic images that
is in synchronization with the tissue characteristic
image is displayed in the second display region.
4. The ultrasonic diagnostic apparatus according to claim
25

wherein during the suspension of ultrasonic wave trans-
mission/reception, one of the tomographic images that
is in synchronization with the tissue characteristic
image is displayed in the first display region.
5. The ultrasonic diagnostic apparatus according to claim
25

wherein during the suspension of ultrasonic wave trans-
mission/reception, the tissue characteristic image that is
obtained based on a time period in which the tomo-
graphic image displayed in the first display region is
included and the tomographic image that is in synchro-
nization with the tissue characteristic image are dis-
played superimposedly in the second display region.

6. The ultrasonic diagnostic apparatus according to claim

15

wherein the image composing part allows a related wave-
form that contains information corresponding to at least
one of the tomographic image and the tissue charac-
teristic image to be displayed on a display screen of the
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display means in such a manner as to be combined with
the tomographic image and the tissue characteristic
image, and

during the suspension of ultrasonic wave transmission/
reception, the control means allows a portion of the
related waveform to be displayed in a highlighted
manner, which corresponds to a time period in which
the tissue characteristic image being displayed is
formed.

7. The ultrasonic diagnostic apparatus according to claim

1,

wherein the tissue characteristic image is an elastic modu-
lus image.

8. The ultrasonic diagnostic apparatus according to claim
15

wherein the tissue characteristic image is an image rep-
resenting a strain or a strain rate.

9. The ultrasonic diagnostic apparatus according to claim
1,

wherein the tissue characteristic image is an image rep-
resenting a viscosity.
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