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Description
Technical Field

[0001] The present invention relates to an ultrasonic
diagnostic apparatus that displays a superimposed tom-
ographic image and tissue characteristic image.

Background Art

[0002] Conventional ultrasonic diagnostic apparatus-
es have a configuration in which the intensity of a reflec-
tion echo signal obtained as a result of ultrasonic wave
irradiation onto a subject is converted into a luminance
of a corresponding pixel so that the structure of the sub-
jectis displayed in the form of a tomographic image. Fur-
ther, in recent years, there has been an attempt to meas-
ure a movement 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 per-
formed 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 cap-
tured (see, for example, JP10(1998)-005226 A).

[0004] Furthermore, as Conventional Example 2, a
method and an apparatus that are based on a develop-
ment of the method according to Conventional Example
1 have been proposed. The method is such that, with
respect to alarge amplitude displacement motion of each
of inner and outer surfaces of a blood vessel wall caused
due to heartbeats, precise tracking for determining a mo-
tion speed of minute vibrations superimposed on the
large amplitude displacement motion is performed so that
a local elastic modulus of the blood vessel wall is deter-
mined 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 elas-
tic 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 heart-
beat takes about one second, an elastic modulus image
has a frame rate of about one frame per second. Mean-
while, generally, a tomographic image is displayed at 15
to 30 frames per second. Thus, when a display is per-
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formed 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.

[0006] In document JP 05 317 313 A, an ultrasonic
diagnosing apparatus is described providing a tomo-
graphic image of a diagnosed region of a subject while
simultaneously measuring the pressure in a body cavity
within that region. By correlating the displacements of
reference points on the tomographic image with the
measured pressure, elastic tissue image data are ob-
tained and superimposed upon the tomographic image.
[0007] Patent specification US 6,159,151 discloses an
ultrasonic apparatus comprising two subsystems, one for
providing a sequence ofimages representing color coded
velocity indications of blood flow, the other for providing
a sequence of images representing graphics of the blood
vessel wall movements, and a further subsystem for syn-
chronizing the images and providing a sequence of im-
ages where the graphics of the wall movements are su-
perposed upon the colored representations of the blood
flow velocities.

[0008] Document US 5,619,995 discloses a motion
video system for use with diagnostic imaging systems
comprising subsystem adapted to reduce the data con-
tent of the diagnostic video data using compression
methods.

Disclosure of Invention

[0009] In view of the above-described conventional
problem, itis an object of the present invention to provide
an excellent ultrasonic diagnostic apparatus that can dis-
play a superimposed tomographicimage and tissue char-
acteristic image such as an elastic modulus image that
are in conformity with each other in terms of time-phase
and positional relationships during a suspension of ultra-
sonic wave transmission/reception, namely, in a cine
mode, thereby enabling an easy and detailed observation
of arelationship between a structure and a characteristic
of a subject tissue.

[0010] Itis noted that all examples given below which
do not fall under the scope of the invention as set out in
the appended claims are not to be considered as em-
bodiments and examples of the invention.

[0011] Inordertoachieve the above-mentioned object,
an ultrasonic diagnostic apparatus according to the
present invention includes: ultrasonic wave transmis-
sion/reception means that transmits/receives an ultra-
sonic wave with respect to a subject; a tomographic im-
age processing part that forms a tomographic image rep-
resenting a structure of the subject based on a reception
signal; a tissue characteristic 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 im-
age memory, tissue characteristic image memory) that
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stores the tomographic image and the tissue character-
istic image, respectively; an image composing part that
combines at least the tomographic image and the tissue
characteristicimage; display means that displays at least
the tomographic image and the tissue characteristic im-
age; and control means that, during an operation of ul-
trasonic wave transmission/reception (in a live mode),
allows the tomographic image to be renewed in an arbi-
trary cycle, displayed by the display means, and stored
in the memory means, while allowing the tissue charac-
teristic image to be renewed in a cycle different from the
cycle for the tomographicimage, 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 charac-
teristic 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, respectively and displayed by the
display means.

[0012] 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 oper-
ations of setting various values such as a gain can be
performed easily, and in a cine mode, a tomographic im-
age 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.

[0013] In the ultrasonic diagnostic apparatus config-
ured 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 characteristic image is superimposed in
the second display region. During the operation of ultra-
sonic wave transmission/reception, the control means al-
lows the tomographic image to be displayed at least in
the first display region of the display means, while allow-
ing the tissue characteristic image to be displayed in the
second display region of the display means, and during
the suspension of ultrasonic wave transmission/recep-
tion, 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 out from the memory means, respectively and dis-
played at least in the second display region of the display
means.

[0014] According tothis configuration, a display screen
is divided into two, and thus a portion hidden by a tissue
characteristicimage also can be viewed atthe 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 character-
istic 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 im-
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age, a relationship between a structure and a character-
istic of a subject tissue can be grasped easily.

[0015] Furthermore, preferably, during the operation
of ultrasonic wave transmission/reception, one of the to-
mographic images that is in synchronization with the tis-
sue characteristic image is displayed in the second dis-
play region. According to this configuration, evenin alive
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 char-
acteristic of a subject tissue are displayed in a second
display region, thereby allowing a diagnosis result to be
obtained immediately.

[0016] Furthermore, preferably, during the suspension
of ultrasonic wave transmission/reception, one of the to-
mographic images that is in synchronization with the tis-
sue characteristic image is displayed in the first display
region. According to this configuration, in a cine mode,
a tomographic image and a tissue characteristic image
that coincide with each other in time phase can be ob-
tained at the same time, and thus by comparing the to-
mographic image with the tissue characteristic image, a
relationship between a structure and a characteristic of
a subject tissue can be grasped easily.

[0017] Furthermore, preferably, during the suspension
of ultrasonic wave transmission/reception, the tissue
characteristic image that is obtained based on a time
period in which the tomographic image displayed in the
firstdisplay regionis included and the tomographicimage
that is in synchronization with the tissue characteristic
image are displayed superimposedly in the second dis-
play region. According to this configuration, atomograph-
icimage can be displayed frame by frame in a first display
region, thereby allowing a detailed examination of a dy-
namic structural change of a subject tissue in a time pe-
riod used for calculation of a characteristic of the tissue.
[0018] Furthermore, preferably, the image composing
part allows a related waveform that contains information
corresponding 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 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. According to this configura-
tion, it is possible to establish a visual correspondence
between a tissue characteristic image and a portion of
an electrocardiographic waveform or a phonocardio-
graphic waveform that corresponds to a time period in
which the tissue characteristic image is formed.

[0019] Furthermore, preferably, a tissue characteristic
is an elastic modulus. According to this configuration, an
elastic modulus image can be obtained that represents
hardness/softness of a subject tissue and is in conformity
in terms of a positional relationship with a tomographic
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image representing a structure of the tissue.

[0020] As an alternative, preferably, a tissue charac-
teristic is a strain or a - strain rate. According to this con-
figuration, a characteristic of a subject tissue can be
shown excellently that represents deformability of the tis-
sue and is in conformity in terms of a positional relation-
ship with a tomographic image representing a structure
of the tissue.

[0021] As an alternative, preferably, a tissue charac-
teristic is a viscosity. According to this configuration, a
characteristic of a subject tissue can be shown excellent-
ly that represents a viscosity of the tissue and is in con-
formity in terms of a positional relationship with a tomo-
graphic image representing a structure of the tissue.

Brief Description of Drawings

[0022]

FIG. 1 is a block diagram showing an example of a
configuration of an ultrasonic diagnostic apparatus
according to each of embodiments of the present
invention.

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

FIG. 3 is adiagram showing an example of a monitor
display screen in a live mode illustrated in FIG. 2.
FIG. 4 is a diagram showing an example of a monitor
display screen right after being frozen as illustrated
in FIG. 2.

FIG. 5is adiagram showing an example of a monitor
display screen in a cine mode illustrated in FIG. 2.
FIG. 6 is a diagram showing an example of a monitor
display screen according to a modification of Em-
bodiment 1 of the present invention.

FIG. 7 is adiagram showing an example of a monitor
display screen in a live mode in an ultrasonic diag-
nostic apparatus according to Embodiment 2 of the
present invention.

FIG. 8 is a diagram showing an example of a monitor
display screen in a cine mode in the ultrasonic diag-
nostic apparatus according to Embodiment 2 of the
present invention.

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

FIG. 10 is a timing chart showing an electrocardio-
graphic or phonocardiographic waveform, left-side
tomographic image display frames, right-side tomo-
graphic image display frames, and elastic-modulus-
image display frames according to a modification of
Embodiment 2 of the present invention.
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FIG. 11 is a timing chart showing an electrocardio-
graphic or phonocardiographic waveform, left-side
tomographic image display frames, right-side tomo-
graphic image display frames, and elastic-modulus-
image display frames according to another modifi-
cation of Embodiment 2 of the present invention.
FIG. 12 is a timing chart showing an electrocardio-
graphic or phonocardiographic waveform, left-side
tomographic image display frames, right-side tomo-
graphic image display frames, and elastic-modulus-
image display frames according to still another mod-
ification of Embodiment 2 of the present invention.
FIG. 13 is a diagram showing an example of a mon-
itor display screen in a cine mode illustrated in FIG.
11 or FIG. 12.

Description of the Invention

[0023] Hereinafter, the present invention will be de-
scribed by way of preferred embodiments with reference
to the appended drawings.

[0024] In each of the embodiments of the present in-
vention, the description is directed to the case in which
atissue characteristicimage is an elastic modulus image.
However, the present invention is not limited thereto and
is applicable to any tissue characteristic image of a sub-
jecttissue thatis 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)

[0025] FIG. 1 is a block diagram showing an example
of a configuration of an ultrasonic diagnostic apparatus
according to Embodiment 1 of the present invention. In
FIG. 1; a control part 100 as control means controls op-
erations 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.

[0026] Uponreceptionofaninstructionfrom 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 convert-
ing an ultrasonic 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 predetermined position/direction

[0027] A tomographic image processing part 104 is
composed of a bandpass filter, a logarithmic amplifier, a
wave detector and the like and forms an image repre-
senting an internal structure of the subject. Generally, a
tomographic image is formed at 15 to 30 frames per sec-
ond. In this embodiment, an elastic modulus is used as
atissue characteristic representing a physical character-



7 EP 1 637 082 B1 8

istic of a tissue. Accordingly, an elastic-modulus-image
processing part 105 that is a tissue characteristic image
processing part measures, 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 and the strain,
and forms an image representing a result of the calcula-
tion. In this embodiment, an elastic modulus is calculated
by using, for example, the algorithm disclosed in Con-
ventional Example 2. That is, a movement of the tissue
caused in one heartbeatinterval 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 in-
terval. That is, an elastic modulus image is formed once
per heartbeat.

[0028] An image composing part 106 combines a to-
mographic image formed in the tomographic image
processing part 104, an elastic modulus image formed
in the elastic-modulus-image processing part 105, and
an electrocardiographic waveform or a phonocardio-
graphic waveform obtained in an electrocardiographic or
phonocardiographic measurement part 109, allowing
these combined images to be displayed on a monitor 107
asdisplay means. Further, atomographicimage memory
110 and an elastic-modulus-image memory 111 as mem-
ory means store a tomographic image and an elastic
modulus image, respectively, and a waveform memory
112 stores a phonocardiographic waveform or an elec-
trocardiographic waveform.

[0029] The following describes an operation of the ul-
trasonic diagnostic apparatus having the above-de-
scribed configuration in further detail with reference to
FIGs. 2 to 5.

[0030] FIG. 2is atiming chart showing an electrocar-
diographic waveform 204, display frames of a tomo-
graphicimage 200, and display frames of an elastic mod-
ulus 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, re-
ferred 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).

[0031] 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.

[0032] 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 cor-
respondence between an reflection intensity of the tom-
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ographic image 200 and a luminance on the screen, an
elastic modulus scale 203 that shows a correspondence
between an elastic modulus and a color tone or a lumi-
nance on the screen, an electrocardiographic or phono-
cardiographic 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
a cross section along a longitudinal axis of a blood vessel
(blood vessel wall 301) having an atheroma 302.
[0033] The following description is made in accord-
ance with the timing shown in FIG. 2.

[0034] Firstly, in the live mode, the tomographic image
200 is changed continuously at 15 to 30 frames per sec-
ond so that a newest image is displayed at all times.
Meanwhile, the elastic modulus image 201 to be dis-
played 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 dif-
ference in blood pressure that are caused in one heart-
beatinterval, and thus is changed in synchronization with
a heartbeat, so that the elastic modulus image 201 ob-
tained 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 synchroniza-
tion") is one of images obtained in one heartbeat period,
an initial tomographic image is assumed to be used here-
in.

[0035] 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
heartbeat period c, 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 coincidence between an elastic modulus rep-
resented by the elastic modulus image 201 and a tissue
structure represented by the tomographic image 200.
[0036] In the live mode, the tomographic image 200
and the elastic modulus image 201 are stored in the to-
mographic image memory 110 and the elastic modulus
memory 111, respectively. Further, a phonocardiograph-
ic or electrocardiographic waveform obtained in the elec-
trocardiographic or phonocardiographic measurement
part 109 is displayed continuously on the screen and
stored in the waveform memory 112.

[0037] Next, right after a shift to 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
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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 synchronization with the
frame D is read out from the tomographic image memory
110 and is displayed on the monitor 107. Further, as
shown in FIG. 4, a portion of the electrocardiographic 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).

[0038] Inthe cine mode, it is possible to refer to a pre-
vious image by performing an image reversing/forward-
ing operation. In this embodiment, only an elastic-mod-
ulus-image display frame and a tomographic image dis-
play 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 dis-
play frame C (201(C)) of the elastic modulus image 201
is read out from the elastic-modulus-image memory 111,
while the display frame 2 (200(2)) of the tomographic
image 200 thatis in synchronization with the elastic-mod-
ulus-image display frame 201(C) is read out from the
tomographic image memory 110, and these frames are
displayed.

[0039] Asshownin FIG. 5, the elastic-modulus-image
display frame 201(C) and the tomographic image display
frame 200(2) are displayed as superimposed, and a por-
tion of the electrocardiographic or phonocardiographic
waveform 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).

[0040] Referring to FIG. 2, when an image forwarding
operation is performed subsequently, the elastic-modu-
lus-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 tom-
ographic image display frame 7 that is in synchronization
with the elastic-modulus-image display frame D is read
out from the tomographic image memory 110, and these
frames are displayed on the monitor 107.

[0041] As described above, according to this embod-
iment, in a live mode, a tomographic image can be ob-
tained 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 im-
age can be obtained that are in conformity with each other
in terms of time-phase and positional relationships be-
tween a structure and an elastic modulus of a subject
tissue.

[0042] By enabling ON/OFF switching between super-
imposed and non-superimposed states of the elastic
modulus image 201 on the tomographic image 200, the
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relationship between an elastic modulus and a structure
can be grasped more easily.

[0043] 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 tomo-
graphic image 200 using a broken line, and displaying
an image as the elastic modulus image 201 that corre-
sponds to the ROI 208 in a separate region.

(Embodiment 2)

[0044] The following describes an ultrasonic diagnos-
tic apparatus according to Embodiment 2 of the present
invention. 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 tomo-
graphicimage 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).
[0045] 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 phonocardio-
graphic waveform 204, display frames of a left-side tom-
ographic 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.
[0046] In FIG. 9, as for the right-side tomographic im-
age 206 on which the elastic modulus image 201 is su-
perimposed, the same applies as in Embodiment 1.
Meanwhile, in the cine mode, the display frames of the
left-side tomographic image 205 are in synchronization
with the display frames of the elastic modulus image 201.
[0047] Asdescribed above, adisplay screenis divided
into two, and thus a portion hidden by the elastic modulus
image 201 also can be viewed at the same time. There-
fore, in the live mode, a probe operation such as for po-
sitioning and operations of setting various values such
as a gain can be performed more easily. Further, in the
cine mode, a tomographic 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.

[0048] FIG. 10 is a timing chart showing the electro-
cardiographic or phonocardiographic waveform 204, dis-
play frames of the left-side tomographic image 205 on
which the elastic modulus image 201 is not superim-
posed, display frames of the right-side tomographic im-
age 206 on which the elastic modulus image 201 is su-
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perimposed, 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 a modifi-
cation of this embodiment.

[0049] 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.
[0050] As described above, according to the modifica-
tion of this embodiment, even in a live mode, a tomo-
graphic image and the elastic modulus image 201 that
are in conformity 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 diagnosis result to be obtained immediately.
[0051] Each of FIGs. 11 and 12 is a timing chart show-
ing the electrocardiographic or phonocardiographic
waveform 204, display frames of the left-side tomograph-
ic image 205 on which the elastic modulus image 201 is
not superimposed, display frames of the right-side tom-
ographic 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, according to
each of other modifications of this embodiment. Opera-
tions 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.

[0052] Firstly, right after a shift to the cine mode is per-
formed by pressing of a freeze key, referring to FIG. 11
or FIG. 12, in the right-side display region for the right-
side tomographic image 206, a display frame D of a new-
est elastic modulus image and a display frame 7 of a
tomographic image that corresponds thereto are dis-
played, 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.

[0053] Next, whenanimage reversing operationis per-
formed in the cine mode, in the left-side display region
for the left-side tomographic image 205, an immediately
preceding frame as a tomographic image is displayed
sequentially 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 tomo-
graphic image 206, an elastic-modulus-image display
frame 201(D) that is obtained based on a heartbeat pe-
riod in which a frame being displayed as the left-side
tomographic image 205 is included is displayed by read-
ing 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 dis-
play frame 201(D) is displayed by reading out from the
tomographic image memory 110.

[0054] 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 dis-
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play frame obtained right before the heartbeat period and
a tomographicimage display frame corresponding there-
to are displayed.

[0055] Thus, according to either of operations shown
in FIGs. 11 and 12, every time an image reversing oper-
ation is performed, in the left-side display region for the
left-side tomographicimage 205, animmediately preced-
ing frame as a tomorgraphic image is displayed sequen-
tially by reading out from the tomographic image memory
110. Meanwhile, in the right-side display region for the
right-side tomographic image 206, only after a heartbeat
period in which the left-side tomographic image 205 is
included is shifted from d to c, that is, the left-side tom-
ographic image 205 is changed from a display frame 7
toadisplay frame 6 and is displayed, the elastic-modulus-
image display frame 201(D) and the tomographic image
display frame 206(7) corresponding thereto are changed
to an elastic-modulus-image display frame 201(C) and a
tomographic image 206(2) corresponding thereto, re-
spectively, and are displayed.

[0056] FIG. 13 shows a display screen in the case
where, as a result of performing an image reversing op-
eration illustrated in FIG. 11 or FIG. 12, a change to the
elastic-modulus-image display frame 201(C) and the to-
mographic image display frame 206(2) corresponding
thereto is performed. In the left-side display region for
the left-side tomographic image 205, a tomographic im-
age 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 tomographic image display frame 206
(2) are displayed. Further, a portion of the electrocario-
graphic waveform or phonocardiographic 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.

[0057] As described above, according to the other
modifications of this embodiment, in a left-side display
region for the left-side tomographic image 205, a tomo-
graphic 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.

[0058] Similarly to Embodiment 1, by enabling
ON/OFF switching between superimposed and non-su-
perimposed states of the elastic modulus image 201 on
the right-side tomographic image 206, a relationship be-
tween an elastic modulus and a structure can be grasped
more easily.

[0059] Each of the embodiments of the present inven-
tion 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 deter-
mine an elastic modulus. However, the present invention
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also is applicable to an ultrasonic diagnostic apparatus
that determines tissue characteristics of a subject such
as a strain, a strain rate, an elastic modulus, a viscosity
andthe like of the tissue by calculation based on achange
caused in a reception signal due to externally caused
compression/relaxation or vibrations. In this case, pref-
erably, a formation cycle of a tissue characteristic image
is set so as to coincide with a cycle of the occurrence of
the externally caused compression/relaxation or vibra-
tions.

[0060] Furthermore, a one-dimensional waveform dis-
played on the display screen of the monitor 107 is not
limited to an electrocardiographic or a phonocardio-
graphic waveform. Various types of related waveforms
can be displayed 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 a waveform 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 subject is dis-
played, it is possible to obtain the necessary information
on the subject from one screen without referring to a sep-
arate display apparatus. Further, in the case where a
waveform representing a progress is displayed, it is pos-
sible to perform a detailed observation of information
used for conclusive determination of a tissue character-
istic. 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 be-
ing displayed is enabled. Moreover, atime 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
atime period in which an elastic modulus image is formed
can be recognized at a glance.

Industrial Applicability

[0061] According to the present invention, a tomo-
graphic image and a tissue characteristic image that are
in conformity with each other in terms of time-phase and
positional relationships can be displayed superimposed-
ly, and thus an excellent ultrasonic diagnostic apparatus
can be provided that enables an easy and detailed ob-
servation of a relationship between a structure and a
characteristic of a subject tissue.

10

15

20

25

30

35

40

45

50

55

Claims

1.

An ultrasonic diagnostic apparatus, comprising:

ultrasonic wave transmission/reception means
(101) that transmits/receives an ultrasonic wave
with respect to a subject;

a tomographic image processing part (104) that
forms a tomographic image (200, 205, 206) rep-
resenting a structure of the subject based on a
reception signal;

a tissue characteristic image processing part
(105) that forms a tissue characteristic image
(201) representing a physical characteristic of a
tissue of the subject through analysis of the re-
ception signal of at least one contraction and/or
expansion period (c, d) of the subject that re-
peats contraction and expansion;

memory means (10, 11) that stores the tomo-
graphic image and the tissue characteristic im-
age, respectively;

an image composing part (106) that combines
at least the tomographic image and the tissue
characteristic image;

display means (107) that displays at least the
tomographic image and the tissue characteristic
image; and

control means (100) that controls an operation
of the above mentioned elements,

characterized in that

during an operation of ultrasonic wave transmission/
reception, the control means (100) allows the tissue
characteristic image (201) to be renewed in a con-
traction and/or expansion cycle of the subject, dis-
played by the display means (107), and stored in the
memory means (110, 111), while allowing the tom-
ographic image (200, 205, 206) to be renewed in a
cycle different from the cycle for the tissue charac-
teristicimage, displayed by the display means (107),
and stored in the memory means, and

during a suspension of ultrasonic wave transmis-
sion/reception, the control means (100) allows arbi-
trary one of the tissue characteristic images (201)
that have been acquired previously and one of the
tomographic images (200, 205, 206) that is in syn-
chronization with the tissue characteristic image to
be read out from the memory means, respectively
and displayed by the display means.

The ultrasonic diagnostic apparatus according to
claim 1, wherein the display means (107) is divided
into afirst display region and a second display region,
and displays at least the tomographic image (205)
in the first display region and at least the tomographic
image (206) on which the tissue characteristicimage
(201) is superimposed in the second display region,
during the operation of ultrasonic wave transmission/
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reception, the control means (100) allows the tomo-
graphic image (205) to be displayed at least in the
first display region of the display means (107), while
allowing the tissue characteristic image (201) to be
displayed in the second display region of the display
means, and

during the suspension of ultrasonic wave transmis-
sion/reception, the control means (100) allows the
tissue characteristic image (201) and one of the to-
mographic images (206) that is in synchronization
with the tissue characteristic image to be read out
from the memory means, respectively and displayed
at least in the second display region of the display
means.

The ultrasonic diagnostic apparatus according to
claim 2, wherein during the operation of ultrasonic
wave transmission/reception, one of the tomograph-
ic images (206) that is in synchronization with the
tissue characteristic image (201) is displayed in the
second display region.

The ultrasonic diagnostic apparatus according to
claim 2 or 3, wherein during the suspension of ultra-
sonic wave transmission/reception, one of the tom-
ographic images (205) that is in synchronization with
the tissue characteristic image (201) is displayed in
the first display region.

The ultrasonic diagnostic apparatus according to
claim 2 or 3, wherein during the suspension of ultra-
sonic wave transmission/reception, the tissue char-
acteristic image (201) that is obtained based on a
time period in which the tomographic image (205)
displayed in the first display region is included and
the tomographic image (206) that is in synchroniza-
tion with the tissue characteristic image (201) are
displayed superimposedly in the second display re-
gion.

The ultrasonic diagnostic apparatus according to
claim 1, wherein the image composing part (106)
allows a related waveform (204) that contains infor-
mation corresponding to at least one of the tomo-
graphic image (200, 205, 206) and the tissue char-
acteristic image (201) to be displayed on a display
screen of the display means in such a manner as to
be combined with the tomographic image (200, 205,
206) and the tissue characteristic image (201), and
during the suspension of ultrasonic wave transmis-
sion/reception, the control means (100) allows a por-
tion of the related waveform (204) to be displayed in
a highlighted manner, which corresponds to a time
period (c, d) in which the tissue characteristic image
(201) being displayed is formed.

The ultrasonic diagnostic apparatus according to
claim 1, wherein the tissue characteristic image
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(201) is an elastic modulus image.

The ultrasonic diagnostic apparatus according to
claim 1, wherein the tissue characteristic image
(201) is an image representing a strain or a strain
rate.

The ultrasonic diagnostic apparatus according to
claim 1, wherein the tissue characteristic image
(201) is an image representing a viscosity.

Patentanspriiche

1.

Diagnostische Ultraschallvorrichtung mit

einer Ultraschallwellen-Sende-/Empfangseinrich-
tung (101), die in Bezug auf einen Probanden eine
Ultraschallwelle sendet und empfangt;

einer tomografischen Bildverarbeitungskomponen-
te (104) zur Ausbildung einer tomografischen Abbil-
dung (200, 205, 206), die eine auf einem Empfangs-
signal basierende Struktur des Probanden darstellt;
einer Gewebeeigenschaftsabbildungsverarbei-
tungskomponente (105) zur Ausbildung einer Gewe-
beeigenschaftsabbildung (201), die eine physikali-
sche Eigenschaft eines Gewebes des Probanden
mittels Analyse des Empfangssignals von zumindest
einer Kontraktions- und/oder Expansionsperiode (c,
d) des Kontraktion und Expansion wiederholenden
Probanden darstellt;

einer Speichereinrichtung (10, 11) zum jeweiligen
Speichern der tomografischen Abbildung und der
Gewebeeigenschaftsabbildung;

einer Bildzusammenstellungskomponente (106),
zum Zusammenfiihren von wenigstens der tomogra-
fischen Abbildung und der Gewebeeigenschaftsab-
bildung;

einer Anzeigeeinrichtung (107) zum Darstellen von
wenigstens der tomografischen Abbildung und der
Gewebeeigenschaftsabbildung; und

einer Steuereinrichtung (100) zum Steuern eines Ar-
beitsablaufs der oben erwahnten Komponenten,
dadurch gekennzeichnet, dass

die Steuereinrichtung (100) bei einem Vorgang zum
Senden/Empfangen von Ultraschallwellen innerhalb
eines Kontraktions- und/oder Expansionszyklus des
Probanden ein Erneuern der von der Anzeigeein-
richtung (107) dargestellten und in der Speicherein-
richtung (110, 111) gespeicherten Gewebeeigen-
schaftsabbildung (201) ermdglicht, wogegen sie ein
Erneuern der tomografischen Abbildung (200, 205,
206) in einem von dem Zyklus fiir die von der Anzei-
geeinrichtung (107) dargestellten und in der Spei-
chereinrichtung  gespeicherten  Gewebeeigen-
schaftsabbildung verschiedenen Zyklus erméglicht,
und

die Steuereinrichtung (100) bei einem Aussetzen
des Sendens/Empfangens von Ultraschallwellen je-
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weils ein Auslesen eines beliebigen der zuvor erfas-
sten Gewebeeigenschaftsabbildungen (201) und ei-
ner zu der Gewebeeigenschaftsabbildung synchro-
nen tomografischen Abbildung aus der Speicherein-
richtung und deren Darstellung durch die Anzeige-
einrichtung ermdglicht.

Diagnostische Ultraschallvorrichtung nach An-
spruch 1, worin die Anzeigeeinrichtung (107) in ei-
nen ersten Anzeigebereich und einen zweiten An-
zeigebereich untergliedert ist, und worin in dem er-
sten Anzeigebereich zumindest die tomografische
Abbildung (205) und in dem zweiten Anzeigebereich
zumindest die von der Gewebeeigenschaftsabbil-
dung (201) Uberlagerte tomografische Abbildung
(206) dargestellt ist,

die Steuereinrichtung (100) bei dem Vorgang zum
Senden/Empfangen von Ultraschallwellen zumin-
dest in dem ersten Anzeigebereich der Anzeigeein-
richtung (107) ein Darstellen der tomografischen Ab-
bildung (205) ermdglicht, wogegen sie ein Darstellen
der Gewebeeigenschaftsabbildung (201) in dem
zweiten Anzeigebereich der Anzeigeeinrichtung er-
moglicht, und

die Steuereinrichtung (100) bei einem Aussetzen
des Sendens/Empfangens von Ultraschallwellen je-
weils ein Auslesen der Gewebeeigenschaftsabbil-
dung (201) und einer zur Gewebeeigenschaftsabbil-
dung synchronen der tomografischen Abbildungen
(206) aus der Speichereinrichtung und deren Dar-
stellung durch zumindest den zweiten Anzeigebe-
reich der Anzeigeeinrichtung ermdglicht.

Diagnostische Ultraschallvorrichtung nach An-
spruch 2, worin in dem zweiten Anzeigebereich bei
dem Vorgang zum Senden/Empfangen von Ultra-
schallwellen eine zur Gewebeeigenschaftsabbil-
dung (201) synchrone der tomografischen Abbildun-
gen (206) dargestellt wird.

Diagnostische Ultraschallvorrichtung nach An-
spruch 2 oder 3, worin in dem ersten Anzeigebereich
bei einem Aussetzen des Sendens/Empfangens von
Ultraschallwellen eine zur Gewebeeigenschaftsab-
bildung (201) synchrone der tomografischen Abbil-
dungen (205) dargestellt wird.

Diagnostische Ultraschallvorrichtung nach An-
spruch 2 oder 3, worin in dem zweiten Anzeigebe-
reich bei einem Aussetzen des Sendens/Empfan-
gens von Ultraschallwellen die Gewebeeigen-
schaftsabbildung (201), die auf Grundlage eines
Zeitraums erhalten wurde, in dem die in dem ersten
Anzeigebereich dargestellte tomografische Abbil-
dung (205) eingebunden wurde, und die zur Gewe-
beeigenschaftsabbildung (201) synchrone tomogra-
fische Abbildung (206) einander tiberlagernd darge-
stellt werden.
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6.

Diagnostische Ultraschallvorrichtung nach An-
spruch 1, worin die Bildzusammenstellungskompo-
nente (106) eine Darstellung einer zugehorigen Kur-
ve (204), die in Beziehung zu zumindest einer tomo-
grafischen Abbildung (200, 205, 206) und der Ge-
webeeigenschaftsabbildung (201) stehende Infor-
mationen enthalt, in einer mit dertomografischen Ab-
bildung (200, 205, 206) und der Gewebeeigen-
schaftsabbildung (201) kombinierten Weise auf ei-
nem Bildschirm der Anzeigeeinrichtung ermdglicht,
und die Steuereinrichtung (100) bei einem Ausset-
zen des Sendens/Empfangens von Ultraschallwel-
len eine Darstellung eines Teils der zugehdrigen
Kurve (204) in hervorgehobener Weise ermdglicht,
wobei sich der Teil auf eine Zeitspanne (c, d) bezieht,
innerhalb derer die dargestellte Gewebeeigen-
schaftsabbildung (201) ausgebildet wird.

Diagnostische Ultraschallvorrichtung nach An-
spruch 1, worin die Gewebeeigenschaftsabbildung
(201) als Abbildung eines Elastizitdtsmoduls ausge-
bildet ist.

Diagnostische Ultraschallvorrichtung nach An-
spruch 1, worin die Gewebeeigenschaftsabbildung
(201) als eine, eine Dehnung oder einen Dehnungs-
grad wiedergebende Abbildung ausgebildet ist.

Diagnostische Ultraschallvorrichtung nach An-
spruch 1, worin die Gewebeeigenschaftsabbildung
(201) als eine, eine Viskositat wiedergebende Abbil-
dung ausgebildet ist.

Revendications

1.

Appareil de diagnostic a ultrasons, comprenant :

des moyens de transmission et de réception
d'ondes ultrasoniques (101) qui transmet-
tent/regoivent une onde ultrasonique a/depuis
un sujet ;

une partie de traitement d’image tomographique
(104) qui forme une image tomographique
(200,205,206) représentant une structure du su-
jet sur la base d’un signal de réception ;

une partie de traitement d’image caractéristique
de tissu (105) qui forme une image caractéristi-
que de tissu (201) représentant une caractéris-
tique physique d’un tissu du sujet par analyse
du signal de réception d’au moins une période
de contraction et/ou dilatation (c,d) du sujet qui
répete contraction et dilatation ;

des moyens de mémorisation (10,11) qui mé-
morisent respectivement I'image tomographi-
que et 'image caractéristique de tissu ;

une partie de composition d’'image (106) qui
combine au moins l'image tomographique et
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l'image caractéristique de tissu ;

des moyens d'affichage (107) qui affichent au
moins I'image tomographique et I'image carac-
téristique de tissu ; et

des moyens de commande (100) qui comman-
dent une opération des éléments mentionnés
ci-dessus,

caractérisé en ce que

pendant une opération de transmission/réception
d'onde ultrasonique, les moyens de commande
(100) permettent a I'image caractéristique de tissu
(201) d’étre renouvelée au cours d’'un cycle contrac-
tion et/ou dilatation du sujet, affichée par les moyens
d’affichage (107) et mémorisée dans les moyens de
mémorisation (110,111), tout en permettant a I'ima-
ge tomographique (200,205,206) d’étre renouvelée
pendant un cycle différent du cycle pour 'image ca-
ractéristique de tissu, affichée par les moyens d’af-
fichage (107) et mémorisée dans les moyens de mé-
morisation, et

pendant une suspension de la transmission/récep-
tion d’onde ultrasonique, les moyens de commande
(100) permettent arbitrairement a I'une des images
caractéristiques de tissu (201) qui ont été acquises
antérieurement et a une des images tomographi-
ques (200,205,206) qui est synchrone avec I'image
caractéristique de tissu d’étre respectivement lues
depuis les moyens de mémorisation et affichées par
les moyens d’affichage.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, dans lequel les moyens d’affichage (107)
sont divisés entre une premiére région d’affichage
et une seconde région d’affichage, et affichent, sur
la premiere région d’affichage, au moins I'image to-
mographique (205) et, sur la seconde région d’affi-
chage, au moins I'image tomographique (206) sur
laquelle est superposée I'image caractéristique de
tissu (201),

pendant I'opération de transmission/réception d’on-
de ultrasonique, les moyens de commande (100)
permettent a I'image tomographique (205) d’étre af-
fichée au moins dans la premiére région d’affichage
des moyens d’affichage (107), tout en permettant a
'image caractéristique de tissu (201) d’étre affichée
dans la seconde région d’affichage des moyens d’af-
fichage, et

pendant la suspension de la transmission/réception
d’'onde ultrasonique, les moyens de commande
(100) permettent a I'image caractéristique de tissu
et a 'une des images tomographiques (206) qui est
synchrone avec l'image caractéristique de tissu
(201) d’étre respectivement lues depuis les moyens
de mémorisation et affichées par les moyens d’affi-
chage.

Appareil de diagnostic a ultrasons selon la revendi-
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cation 2, dans lequel, pendant I'opération de trans-
mission/réception d’onde ultrasonique, l'une des
images tomographiques (206) qui est synchrone
avec l'image caractéristique de tissu (201) est affi-
chée dans la seconde région d’affichage.

Appareil de diagnostic a ultrasons selon la revendi-
cation 2 ou 3, dans lequel, pendant la suspension
de la transmission/réception d’onde ultrasonique,
I'une des images tomographiques (205) qui est syn-
chrone avec I'image caractéristique de tissu (201)
est affichée dans la premiére région d’affichage.

Appareil de diagnostic a ultrasons selon la revendi-
cation 2 ou 3, dans lequel, pendant la suspension
de la transmission/réception d’onde ultrasonique,
I'image caractéristique de tissu (201) qui est obtenue
sur la base d’une période temporelle dans laquelle
est incluse I'image tomographique (205) affichée
dans la premiére région d’affichage, et image to-
mographique (206) qui est synchrone avec I'image
caractéristique de tissu (201) sont affichées, super-
posées, dans la seconde région d’affichage.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, dans lequel la partie de composition d’'ima-
ge (106) permet a une forme d’'onde apparentée
(204), qui contient des informations correspondant
a lune au moins de limage tomographique
(200,205,206) et de I'i'mage caractéristique de tissu
(201), d’étre affichée sur un écran d’affichage des
moyens d’affichage de fagon a étre combinée avec
I'image tomographique (200,205,206) et I'image ca-
ractéristique de tissu (201), et

pendant la suspension de la transmission/réception
d’'onde ultrasonique, les moyens de commande
(100) permettent a une portion de la forme d’onde
(204) apparentée d’étre affichée en surbrillance qui
correspond a une période temporelle (c,d) au cours
de laquelle est formée I'image caractéristique de tis-
su (201) en cours d’affichage.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, dans lequel 'image caractéristique de tissu
(201) est une image de module élastique.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, dans lequel 'image caractéristique de tissu
(201) est une image représentant une déformation
ou une vitesse de déformation.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, dans lequel 'image caractéristique de tissu
(201) est une image représentant une viscosité.
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