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mation of a biological signal of the subject added thereto.
Two-dimensional image data whose time-phase informa-
tion is identical with the time-phase information of the
biological signal of the subject at the time when an ultra-
sonic image is captured are extracted from the three-
dimensional image data so as to provide the reference
image.
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Description
TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic
diagnosis apparatus, and particularly to a technique suit-
able for diagnosing an organ or the like which repeats a
periodic motion, through comparison of a plurality of di-
agnostic images captured at different points in time.

BACKGROUND ART

[0002] Anultrasonicdiagnosis apparatus enables real-
time observation of an ultrasonic image of an arbitrary
cross section of a subject. Therefore, such an ultrasonic
diagnosis apparatus is effectively used to diagnose treat-
ment effects or provide a guide for treatment, through
comparison between a reference image captured, for ex-
ample, before the treatmentand an ultrasonic image cap-
tured after the treatment (or during the course of the treat-
ment). A diagnostic image such as an ultrasonic image,
an X-ray CT image, or an MR image can be used as the
reference image. The reference image is generated by
extracting, from three-dimensional image data (volume
data) of the diagnostic image, two-dimensional image
data at a slice position corresponding to the ultrasonic
image.

[0003] Ultrasonicimages are useful, because they are
excellent in terms of real time feature, are suitable for
observation of a moving organ, and can be captured by
use of asimple apparatus. Meanwhile, diagnosticimages
captured by use of an X-ray CT apparatus or an MRI
(magnetic resonance imaging) apparatus are excellent
in terms of resolution, and therefore are suitable for use
as areference image. However, such diagnostic images
have a characteristic of easily generating an artifact due
to motion of an organ or the like.

[0004] For example, in the apparatus disclosed in Pat-
ent Documents 1 and 2, the position and posture of an
ultrasonic probe operated in real time are detected so as
to determine the slice position of an ultrasonic image,
and a reference image of the same position as the ultra-
sonic image is extracted from volume data of X-ray CT
images or MR images and is displayed on a screen of a
monitor or the like.

[0005]

Patent Document 1: Japanese Patent Application
Laid-Open (kokai) No. Heisei 10-151131
Patent Document 2: Japanese Patent Application
Laid-Open (kokai) No. 2002-112998
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] The conventional techniques described in Pat-
ent Documents 1 and 2 are effective for comparative di-
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agnosis of a portion which hardly moves, such as the
liver; however, the conventional techniques are not suit-
able for comparative diagnosis of a portion which moves
periodically, such as the heart or peripheral blood vessel.
That is, since X-ray CT images or MR images are likely
to involve artifacts generated due to motion of an organ
or the like, when volume data are created from a dynamic
image, images are captured without being related to a
biological signal representing the state of motion of the
heart, peripheral blood vessel, or the like.

[0007] For example, when a pre-treatment image of,
for example, an organ which moves periodically is com-
pared with a post-treatmentimage of the organ, for proper
analysis, the organ displayed in the pre-treatment refer-
ence image is desirably in the same motion state as that
of the organ displayed in a real time image or reproduced
image after the treatment (or in the course of the treat-
ment). That is, in the case where a reference time phase
is set for the period of the motion, and a plurality of time
phases are set on the basis of the time delay from the
referent time phase, the pre-treatment and post-treat-
ment images to be compared desirably have the same
time phase.

[0008] In this regard, according to the conventional
techniques, an ultrasonic image and a reference image
of different time phases must be compared for diagnosis,
which may hinder comparative judgment used for, for
example, diagnosing treatment effects or providing a
guide for treatment.

[0009] An object of the present invention is to provide
an ultrasonic diagnosis apparatus which can display, for
accurate comparison, a plurality of diagnostic images of
a periodically-moving organ or the like captured at differ-
ent points in time.

MEANS FOR SOLVING THE PROBLEMS

[0010] Inorder to achieve the above-described object,
the present invention provides an ultrasonic diagnosis
apparatus comprising ultrasonic-image creation means
for reconstructing an ultrasonic image on the basis of a
reflection echo signal measured by means of an ultra-
sonic probe which transmits ultrasonic waves to a subject
and receives the ultrasonic waves from the subject; hold-
ing means for holding data of images of the subject cap-
tured in advance; reference-image creation means for
extracting, from the captured-image data held in the hold-
ing means, a reference image corresponding to a sec-
tional position of the ultrasonic image; and display means
for displaying the ultrasonic image and the reference im-
age, wherein the holding means holds the captured-im-
age data with time phase information attached thereto;
and the reference-image creation means extracts the ref-
erence image on the basis of the captured-image data
corresponding to the time of capture of the ultrasonic
image.

[0011] According to the present invention, the cap-
tured-image data with the information of a time phase
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corresponding to the time of capture of the ultrasonic
image are extracted from the volume data, and a refer-
ence image is created. In this manner, the time phases
of two captured images of a periodically moving organ
are made coincident with each other or close to each
other. Since an organ displayed in a reference image
acquired before treatment and the organ displayed in a
real time image or a reconstructed image obtained after
the treatment (or during the treatment) can be compared
with each other in the same motion state, the effects of
the treatment or the like can be accurately diagnosed,
and a guideline for the treatment can be provided.
[0012] Preferably, the time phase information is creat-
ed on the basis of a biological signal of the subject, and
the ultrasonicimage is held in the holding means together
with time phase information attached to the ultrasonic
image.

In the case where the time phase information created on
the basis of a biological signal of the subject is added to
the ultrasonic image when it is held as described above,
that ultrasonic image can be used as captured-image
data from which the reference image is extracted at the
time of subsequent diagnosis.

Notably, the time phase information showing the motion
state of the organ of the subject can be obtained as fol-
lows. For example, when image analysis of the heart is
performed, an electrocardiographic signal is used as a
biological signal. With an R-wave of an electrocardio-
graphic wave used as a reference time phase, the time
delay from the R-wave can be set as the time-phase in-
formation.

Further, the apparatus of the present invention may be
configured to hold the ultrasonic image together with the
time-phase information and the type of a biological signal
used to create the time-phase information, and to provide
a warning (e.g., displaying a message) when the type of
the biological signal added together with the time-phase
information does not coincide with the type of a biological
signal to be input.

Preferably, a plurality of captured-image data sets over
at least one period of the periodically moving organ are
held.

Preferably, captured-image data sets generated in ac-
cordance with a frame rate at which the ultrasonic image
is displayed are held.

Preferably, a frame number reported in synchronism with
the capture of the ultrasonic image and a time having
elapsed from a reference time point (e.g., a time point at
which the reference time phase is reported) to a time
point at which the frame number is acquired are held in
a related manner.

[0013] When the holding means does not hold the cap-
tured-image data at a time phase corresponding to the
time point of capture of the ultrasonic image, preferably,
the reference image is created through interpolation
processing by use of captured-image data at different
time phases.

As described above, the captured-image data corre-
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sponding to all possible time phases are not required to
be held, and required captured-image data can be ob-
tained through interpolation processing. Therefore, the
hardware resources such as a storage device can be
effectively used.

[0014] Preferably, the time phase information and a
waveform of a biological signal of the subject or the like
are displayed together with the ultrasonic image and the
reference image.

When the time phase information is displayed together
with the ultrasonic image and the reference image, the
motion state of a diagnosed portion can be grasped on
the display screen.

[0015] Preferably, a cut plane indicating a sectional
position of the ultrasonicimage is displayed together with
the ultrasonic image and the reference image.

When a cut plane indicating a sectional position of the
ultrasonic image is displayed together with the ultrasonic
image and the reference image, the sectional position
can be grasped on the display screen.

[0016] Preferably, the positional relation between the
ultrasonic image and the reference image is set on the
basis of the positional relation between a reference po-
sition designated on the captured-image data held in the
holding means, and a reference position designated on
the subject by means of the ultrasonic probe.

Inthis case, the positional relation between the ultrasonic
image and the reference image can be set through a
simple operation of designating respective reference po-
sitions on the captured-image data on the subject.
[0017] Preferably, the captured-image data held in the
holding means are captured-image data which are ob-
tained by means of an image diagnosis apparatus, such
as an ultrasonic diagnosis apparatus, an X-ray CT ap-
paratus, or an MR apparatus, and to which time phase
information is added.

As described above, the captured-image data, which are
data of images of the subject previously captured and
held, can be obtained by use of another image diagnosis
apparatus.

[0018] Preferably, the captured-image data obtained
by means of an image diagnosis apparatus, such as an
X-ray CT apparatus, are image data reconstructed on
the basis of a biological signal of the subject.

When the image data reconstructed in synchronism with
the electrocardiogram as described above are used, ar-
tifacts contained in the reference image can be reduced.
Notably, projection data used for reconstructing image
data on the basis of a biological signal of the subject may
be extracted while a predetermined time phase (e.g., a
heart time phase of 80%; RR80%) is set as an end.

EFFECT OF THE INVENTION

[0019] According to the present invention, a plurality
of diagnostic images obtained by imaging a periodically
moving organ or the like at different times are displayed
for accurate comparison.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

[FIG. 1] Block diagram of an ultrasonic diagnosis ap-
paratus according to one embodiment of the present
invention.

[FIG. 2] Diagram showing an electrocardiographic
wave, which is an example biological signal.

[FIG. 3] Diagram showing an example method for
creating time-series volume data according to the
present invention.

[FIG. 4] Flowchart showing the steps of processing
performed before observation according to the em-
bodiment of FIG. 1.

[FIG. 5] Flowchart showing the steps of processing
performed during observation according to the em-
bodiment of FIG. 1.

[FIG. 6] Diagram showing an example display screen
according to the present invention.

[FIG. 7] Block diagram showing an ultrasonic diag-
nosis apparatus according to another embodiment
of the present invention.

[FIG. 8] Diagram showing another example display
screen according to the present invention.

[FIG. 9] Explanatory view allowing an example ECG
reconstruction method.

[FIG. 10] Explanatory view showing another exam-
ple ECG reconstruction method.

DESCRIPTION OF REFERENCE NUMERALS
[0021]

1 probe

2 ultrasonic-wave transmission/reception section

3 ultrasonic image construction section

4 image memory control section

5 magnetic position sensor

6 position information calculation/holding section

9 biological signal detection section

10  time-phase information calculation/holding section

11 display image selection section

12  image display section

13  operation panel

14  time-series volume data generation section

15  time-series volume data record section

16 time-series volume data reference/acquisition
processing section

17  volume data information acquisition/holding sec-
tion

18 time-phase information acquisition section

19  position information acquisition section

20 reference image construction section

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] The presentinvention will next be described on
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the basis of embodiments.
(Embodiment 1)

[0023] FIG. 1 shows a block diagram of one embodi-
ment of an ultrasonic diagnosis apparatus to which the
presentinvention is applied. The ultrasonic diagnosis ap-
paratus of the present embodiment realizes a function of
sending and receiving ultrasonic waves to and from a
subject, obtaining an ultrasonic image (B-mode image)
of a portion to be diagnosed and displaying the image on
a display screen, and extracting, from previously ac-
quired volume data, a reference image of the same po-
sition and same time phase as the portion to be diag-
nosed and simultaneously displaying the reference im-
age. In particular, the present embodiment is an example
in which time-series volume data from which the refer-
ence image is extracted are generated from ultrasonic
images.

[0024] As shown in FIG. 1, an ultrasonic probe 1 in-
cluding a plurality of transducers is designed to convert
an ultrasonic signal output from an ultrasonic-wave trans-
mission/reception section 2 and transmit an ultrasonic
wave to a subject 8, and to receive reflection echoes from
various portions of the subject 8 and outputs a reflection
echo signal to the ultrasonic-wave transmission/recep-
tion section 2. The ultrasonic-wave transmission/recep-
tion section 2 is designed to process the reflection echo
signal output from the probe 1 and output the processed
signal to an ultrasonic image construction section 3. This
ultrasonic image construction section 3 reconstructs an
ultrasonic image (B-mode image) of a portion to be di-
agnosed, on the basis of the input reflection echo signal,
and stores the ultrasonicimage in animage memory sec-
tion of an image memory control section 4. This image
memory control section 4 records and manages ultra-
sonic image data.

[0025] A magnetic position sensor 5 detects the posi-
tion and posture (angle) of the probe 1 on the basis of
the three-dimensional coordinate system of the subject
8, and outputs the detected position and posture to a
position information calculation/holding section 6. The
position information calculation/holding section 6 ob-
tains, through calculation, the slice plane position of an
ultrasonic image to be captured, and holds the slice plane
position, while relating it to the frame number of the ul-
trasonic image reported from the image memory control
section 4. A biological signal detection section 9 receives
a biological signal output from a biological signal meas-
urement device attached to the subject 8, detects a pre-
determined reference time phase of the biological signal,
and outputs the same to a time-phase information calcu-
lation/holding section 10. For example, on the basis of
an electrocardiographic wave shown in FIG. 2, which is
output from an electrocardiograph or the like, for exam-
ple, an R-wave is detected and output as a reference
time phase to the time-phase information calculation/
holding section 10.
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[0026] Meanwhile, the ultrasonic image once stored in
the image memory control section 4 is transferred to an
image display section 12 via a display image selection
section 11, and is displayed on a screen in real time.
Further, an operation panel 13 has a keyboard, a track-
ball, etc. By inputting commands from the operation panel
13, an operator can start respective sections relating to
the display of the reference image, changeover the im-
ages displayed on the screen via the display image se-
lection section 11, or change the display method.
[0027] Next, there will be described sections relating
to generation of a reference image and generation of
time-series volume data, which is a characteristic portion
of the present embodiment. First, a time-series volume
data generation section 14 is designed to generate time-
series volume data, which are time-series three-dimen-
sional image data, on the basis of the ultrasonic images
stored in the image memory control section 4, detection
data of the position and angle of the probe 1 detected by
means of the magnetic position sensor 5, and the detec-
tion signal of the reference time phase output from the
biological signal detection section 9. Further, two-dimen-
sional-image frame numbers are added to the ultrasonic
images transferred from the image memory control sec-
tion 4 to the time-series volume data generation section
14, and the frame numbers are reported to the position
information calculation/holding section 6 and the time-
phase information calculation/holding section 10. As de-
scribed above, the time-series volume data generation
section 14 has a function of recording time-phase infor-
mation simultaneously with the conventional processing
of generating time-series volume data. The thus-gener-
ated time-series volume data are stored in a time-series
volume data record section 15. Notably, the time-series
volume data record section 15 is provided inside the ul-
trasonic diagnosis apparatus as in the present embodi-
ment; however, it may be provided on a recording medi-
um such as a CD, or a server or the like on a network.
[0028] Meanwhile, the biological signal detection sec-
tion 9 detects the reference time phase of an electrocar-
diographic wave or a pulse wave; for example, in the
case of the electrocardiographic wave, the detection sec-
tion 9 detects an R-wave, and in the case of the pulse
wave, the detection section 9 detects the position where
the pulse wave assumes the maximum value, for exam-
ple. A change in the signal of the electrocardiographic
wave or the pulse wave input from the subject 8 is ana-
lyzed. For example, when the position of the R-wave of
the electrocardiographic wave is to be detected, it is de-
termined from a rising of the signal, height comparison,
or the like. Upon detection of the reference time phase,
which is a specific position of a biological signal, the bi-
ological signal detection section 9 immediately reports
the reference time phase to the time-phase information
calculation/holding section 10. The time-phase informa-
tion calculation/holding section 10 starts counting of time
from the time of the reported reference time phase. The
time-phase information calculation/holding section 10
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holds the counted time at the time when it acquires a
frame number which is provided from the image memory
control section 4 in synchronism with capture of an ultra-
sonic image, while relating it to the frame number. This
counted time is reset when the next reference time phase
is reported.

[0029] Thetime-seriesvolume datageneration section
14 can generate time-series volume data of ultrasonic
images by use of a conventionally known method. That
is, as shown in FIG. 3, a plurality of ultrasonic images of
an arbitrary slice plane or cross section A are acquired
over at least one period of the motion of an organ (e.g.,
one heart beat cycle), in synchronism with a plurality of
time phases (e.g., time phases 1 to time phase 12 in FIG.
2) of equal time intervals, which are set with an arbitrary
time phase (e.g., R-wave) used as a reference. The ob-
tained ultrasonic images of the same slice plane are bun-
dled together so as to create time-series volume data.
This processing of creating time-series volume data of a
single cross section is repeated for a plurality of cross
sections (e.g., cross sections B to E), while the slice plane
is shifted, whereby time-series volume data (A to E) of
the plurality of cross sections are created. The time-se-
ries volume data of the plurality of cross sections created
in this manner are sorted into time-series groups each
including two-dimensional image data of the same time
phase, whereby desired time-series volume data can be
obtained.

[0030] Further, time phase information is added to
each group including two-dimensional image data of the
same time phase, and is recorded and held. Alternatively,
the position of the two-dimensional image data group of
the reference time phase may be held as information
additional to the time-series volume data, for the following
reason. Although the time phase of each volume data
set may be held, when the position of the volume data
of the reference time phase and the time interval of each
slice plane are held, the position of three-dimensional
image data (volume data) of the same time phase can
be obtained through calculation.

[0031] The above-described method of generating
time-series volume data is one example, and the time-
series volume data may be generated by other methods,
so long as the time-series volume data are recorded to-
gether with time-phase information added thereto. For
example, even in the case of X-ray CT images or MR
images, in the same manner as in the time-phase infor-
mation calculation/holding section 10, time-phase infor-
mation is generated on the basis of a biological signal,
and two-dimensional images of each slice plane are re-
corded together with the time-phase information added
thereto.

[0032] Although either of an electrocardiographic
wave and a pulse wave may be used as a source of time-
phase information, the source of the information must be
recorded and held, for example, by adding an index to
the time-phase information. This enables, when the ref-
erence-image display function of the present embodi-
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ment is started, checking of whether or not the type of a
biological signal fed to the ultrasonic diagnosis apparatus
coincides with the type of the biological signal of the time-
series volume data. When they do not coincide with each
other, a message to that effect is provided to a user.
[0033] Next, there will be described the processing
steps for extracting, in response to a command from the
operation panel 13, a reference image corresponding to
an ultrasonic image displayed on the image display sec-
tion 12, from the time-series volume data record section
15. First, areference-image display command is fed from
the operation panel 13 to a time-series volume data ref-
erence/acquisition processing section 16. Thus, a com-
mand is issued from the time-series volume data refer-
ence/acquisition processing section 16 to a volume data
information acquisition/holding section 17. The volume
data information acquisition/holding section 17 acquires
the time-phase information of an ultrasonic image dis-
played on the image display section 12 from the time-
phase information calculation/holding section 10 via a
time-phase information acquisition section 18. The vol-
ume data information acquisition/holding section 17 then
acquires, from the time-series volume data record sec-
tion 15, volume data composed of a two-dimensional im-
age data group with time-phase information which coin-
cides with the time-phase information of the ultrasonic
image displayed on the image display section 12, and
holds the acquired volume data. Meanwhile, a position
information acquisition section 19 acquires, from the po-
sition information calculation/holding section 6, the posi-
tion information of the slice plane of the ultrasonic image
displayed on the image display section 12.

[0034] A reference image construction section 20 ex-
tracts and reconstructs the reference image of the posi-
tion corresponding to the slice plane of the ultrasonic
image, from the volume data of the same time phase held
in the volume data information acquisition/holding sec-
tion 17. The reconstructed reference image is transferred
to the image display section 12 via the display image
selection section 11, and is displayed on the screen so
that it can be compared with the ultrasonic image cap-
tured in real time.

[0035] In some cases, the time phase of the real-time
ultrasonic image differs from the time phases of the time-
series volume data sets previously acquired, due to a
difference in the image-capturing method or the image-
processing method. Accordingly, in many cases, the vol-
ume data information acquisition/holding section 17 fails
to extractavolume data set whose time phase completely
coincides with that of the real-time ultrasonic image. In
such a case, a volume data set whose time phase is the
closest to that of the real-time ultrasonic image may be
selected. Further, when the time series volume data are
of X-ray CT images or MR images, in some cases the
time phase intervals cannot be shortened. In such a case,
a reference image can be obtained by, for example, per-
forming interpolation on the basis of two two-dimensional
image data sets within the time-series volume data,
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which set are close in time phase to the real-time ultra-
sonic image.

[0036] Alternatively, before generation of the time-se-
ries volume data, conditions for extracting ultrasonic im-
ages are determined, and the time-series volume data
are generated in accordance with the frame rate at which
the ultrasonic images are displayed, whereby the real-
time ultrasonic image can be compared with a reference
image whose time phase generally coincides with that of
the real-time ultrasonic image.

[0037] The time-phase information acquisition section
18 operates as described above when it acquires and
displays an ultrasonic image in real time. However, at
the time of freeze; i.e., when a single ultrasonic image
stored in the image memory control section 4 is displayed
repeatedly, the time-phase information acquisition sec-
tion 18 acquires the time-phase information of the ultra-
sonic image read from the image memory.

[0038] Further, inthe presentembodiment, the volume
data information acquisition/holding section 17 holds a
volume data set which is extracted from the time-series
volume data record section 15 and whose time phase is
the same as the ultrasonic image. However, the present
invention is not limited thereto, and the volume data in-
formation acquisition/holding section 17 may be modified
to hold information, such as the number of a volume data
set of one time phase within the time-series volume data,
which information becomes necessary when the volume
datasetisreferredto. Insuch a case, the referenceimage
construction section 20 extracts a reference image di-
rectly from the time-series volume data record section
15 in accordance with the number or like information.
[0039] FIG.4 shows the processing steps for acquiring
time-series volume data, which must be acquired in ad-
vance before actual comparative observation is per-
formed. First, an operator designates a time-series vol-
ume data set which is held in the time-series volume data
record section 15 and is to be compared with a real-time
ultrasonic image (S301). The designation is performed
by designating a storage location or a name by use of a
menu or the like. Next, the operator designates a position
(X, Y, Z coordinates of the orthogonal coordinate system)
on the designated time-series volume data set (S302),
the position coinciding with the reference point position
of the probe 1, which is designated in the next step. At
this time, information regarding the probe 1 to be used
may be input, and the reference value may be set in con-
sideration of the maximum display width, etc., which
change depends on the shape of the probe 1.

[0040] Next, the designated reference point position is
set on the ultrasonic diagnosis apparatus side. That is,
the operator brings the probe 1 into contact with the sub-
ject 8 at a position corresponding to the designated ref-
erence point, and inputs a setting execution command
(S303) by use of the operation panel or the like. As a
result, the positional relationship between an ultrasonic
image and a reference image can be established. Fur-
ther, a probe for acquiring a biological signal is set on
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the subject 8 (S304). For example, when an electrocar-
diogram is obtained, the probe is a set of electrodes.
Operations up to this pointare preparation for actual com-
parative observation.

[0041] Next, the processing steps for performing actu-
al comparative observation will be described with refer-
ence to FIG. 5. While observing an image, the operator
moves the probe 1, which has been set to the reference
point by means of the pre-observation processing, to a
region of interest. When the probe is moved, position
information of the probe 1 is obtained from the magnetic
position sensor 5, and position information of the probe
1 is calculated by the position information calculation/
holding section 6, while being related to the captured
ultrasonic image, and is recorded while being related to
the frame number (S401). Next, on the basis of the de-
tection information of the reference time phase obtained
from the biological signal detection section 9, the time-
phase information calculation/holding section 10 records
the time phase information corresponding to each of the
captured ultrasonic images, while relating the time phase
information to the frame number (S402). Subsequently,
in order to extract a reference image, a volume data set
corresponding to the time phase of an ultrasonic image
to be displayed is detected from the time-series volume
data (S403). Next, a reference image is acquired from
the detected volume data (S404), the reference image
corresponding to the position of a slice plane of the ul-
trasonic image to be displayed, which slice plane is ob-
tained by means of the position information calculation/
holding section 6 on the basis of the position information
of the probe 1. The thus-acquired reference image and
the captured ultrasonic image are displayed on the
screen of the image display section 12, whereby the ul-
trasonic image 21 and the reference image 22 of the
same time phase and position can be observed in a com-
parative manner on the same screen as shown in FIG.
6 (S405).

[0042] In this case, as shown in FIG. 6, there may be
added display of a "time-phase synchronous mode" 23
or the like phrase, which indicates that the images 21
and 22 are displayed while their time phases are syn-
chronized. Further, the current time phase of the ultra-
sonic image 21 can be displayed by use of an arrow 25
superposed on an electrocardiographic wave 24. Fur-
ther, the time phase of the reference image 22 may be
displayed. Instead of the electrocardiographic wave 24
and the arrow 25, a bar chart or numerical values may
be used to display the display time phase of a periodically
moving organ.

[0043] Notably, in the case where the processing time
for generating a reference image becomes longer than
the time (FR) for generating an ultrasonic image, the time
phases of the display images can be made coincident
with each other by means of, for example, generating a
preceding reference image or slightly delaying the dis-
play of the ultrasonic image on the screen, in consider-
ation of the FR of the ultrasonic image and the reference
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image generation time. Further, the difference in time
phase between the two images may be reported by dis-
playing a diagram using wave forms, characters, or the
like on the screen.

[0044] Further, when the reference image 22 is dis-
played, a three-dimensional image may be displayed on
the same screen. In this case, the three-dimensional im-
age may be displayed with its time-phase synchronized.
This display of the three-dimensional image data can be
realized by displaying the volume data acquired by the
processing of step S403 of FIG. 5. Needless to say, the
reference image described above can be displayed as a
motion picture which moves with movement of the ultra-
sonic image.

(Embodiment 2)

[0045] FIG. 7 shows a block diagram of another em-
bodiment of the ultrasonic diagnosis apparatus of the
presentinvention. The presentembodimentis configured
such that an image processing/display apparatus 30, an-
other ultrasonic diagnosis apparatus 31, an X-ray CT ap-
paratus 32, and an image diagnosis apparatus 33 can
be connected via, for example, a communication net-
work. The image processing/display apparatus 30 has a
function of generating a reference image on the basis of
time-series volume data of three-dimensional images
and displaying the reference image on a screen, and sep-
arately constitutes the characteristic portion of the em-
bodiment of FIG. 1. In the present embodiment, time-
series volume data captured by means of the X-ray CT
apparatus 32 or the like are fed to a server 35 of the
image processing/display apparatus 30, and if neces-
sary, they are stored in a storage medium 37. An X-ray
CT image whose time phase and cross section are iden-
tical with those of a real time image obtained by means
of the ultrasonic diagnosis apparatus 31 is displayed on
the monitor 36 of the image processing/display apparatus
30 as a reference image. Notably, needless to say, in
place of the X-ray CT image, a diagnosticimage captured
by the image diagnosis apparatus 33 such as an MRI
apparatus may be used as a reference image.

[0046] According to the present embodiment, as
shown in FIG. 8, an ultrasonic image 41 acquired in real
time and a CT image 42 of the same cross section cor-
responding to the ultrasonic image 41 are displayed si-
multaneously. Further, a composite image 43 obtained
by mixing the ultrasonic image 41 and the CT image 42
is displayed on the same screen. A common portion 45,
whichis aregion of interest, is displayed on these images.
Further, a three-dimensional CT image 44 is displayed
on the same screen, and a cut plate 46, which shows the
slice plane of the CT image 42, is displayed on the three-
dimensional CT image 44.

[0047] Inthe presentembodiment, time-series volume
data such as those stored in the time-series volume data
record section 15 of FIG. 1 are acquired by use of the X-
ray CT apparatus 32, and stored in a recording medium
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or the like within the apparatus. That is, the time-series
volume data acquired by use of the X-ray CT apparatus
32 are volume data which are acquired in time series
over at least one period of a periodically moving organ
or the like, in such a manner that coordinate information
and time phase information based on a biological signal
are added to data of a two-dimensional image including
the same portion of the same subject as that to be diag-
nosed by the ultrasonic diagnosis apparatus 31.

[0048] The image processing/display apparatus 30 of
the presentembodiment receives the time-series volume
data from the X-ray CT apparatus 32 via a connection
medium such as a network, and stores them into the serv-
er 35; creates, through calculation by the server 35, a
reference image whose time phase and position are iden-
tical with those of the real time image input from the ul-
trasonic diagnosis apparatus 31; and displays the refer-
ence image on a monitor 36, for example, in a manner
as shown in FIG. 8.

[0049] For example, in the case of an organ whose
motion is small, such as the liver, image capturing is per-
formed at the same location without moving the probe of
the ultrasonic diagnosis apparatus 31, and the ultrasonic
image 41 of FIG. 8 does not move. Therefore, the CT
image 42 does not change. However, in the case where
the image capturing portion is not the liver but the heart,
since the heart beats, the ultrasonic image 41 obtained
by the ultrasonic diagnosis apparatus 31 capable of dis-
playing a real-time image is displayed to change with
time. Naturally, the ultrasonic image changes even when
the position of the probe is not moved. In order to cope
with such changes, according to the present embodi-
ment, the CT image 42 is displayed to change with time.
[0050] Incidentally, in the case where an image of the
heart is captured by use of the X-ray CT apparatus 32,
if an ordinary image reconstruction method is used, a
motion artifact due to motion of the heart is generated,
and a clinically effective image cannot be obtained. An
ECG synchronized reconstruction technique is a known
method for reducing such a motion artifact due to motion.
According to this technique, when CT photographing is
performed, electrodes of a cardiograph are attached to
a patient; cardiogram information is obtained during the
CT photographing; and images at the end of the contrac-
tion period or the expansion period of the heart during
which the motion of the heart is relatively small are cre-
ated on the basis of the cardiogram information.

[0051] This ECG reconstruction method will be de-
scribed with reference to FIG. 9. In the present embodi-
ment, a reconstruction method, generally called "ECG
half reconstruction," is employed. However, the present
invention is not limited to the ECG half reconstruction
method. In FIG. 9, the horizontal axis represents the pho-
tographing time by photographing angle, and the vertical
axis represents the body axis direction. FIG. 9 shows loci
of detectors (1 to 4) of a 4-line multi-slice CT when it
performs spiral scanning, and showing an electrocardi-
ographic wave 46 superposed thereon. Only the R-wave
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of the electrocardiographic wave 46 is displayed, for pre-
venting the display from becoming complex. Further, in
the example of ECG reconstruction of FIG. 9, projection
data are extracted so that, with the interval 47 between
adjacent R-waves represented by 100%, the end of pro-
jection data required for ECG reconstruction is located
at the 80% position. This position corresponds to the ex-
pansion period of the heart; in the case of an X-ray CT
apparatus equipped with a scanner which requires 0.5
seconds for one revolution so as to use the half recon-
struction method, animage of the heart expansion period
of about 300 ms can be obtained. The above-described
80% location is generally represented by heart time
phase 80%, RR80%, or the like. FIG. 10 shows an ex-
ample in which the heart time phase has been shifted.
FIG. 10 shows an ECG half reconstruction possible range
at the RR40% position, which is the end of the heart con-
traction. The technique of performing ECG reconstruc-
tion, while shifting the RR time phase as described above,
to thereby obtain a motion-artifact-reduced tomogram
image of the hear at an arbitrary time phase is the above-
mentioned ECG synchronized reconstruction method.

[0052] The X-ray CT apparatus 32 of FIG. 7 also can
create the ECG reconstructed image of each time phase.
Further, the image processing/display apparatus 30 can
create the ECG reconstructed image. The image
processing/display apparatus 30 has the following fea-
ture. As shown in FIG. 7, the slice position information
and the time-phase information of an ultrasonic image of
the heart obtained by means of the ultrasonic diagnosis
apparatus 31 are supplied to the image processing/dis-
play apparatus 30. The image processing/display appa-
ratus 30 reads, from a storage medium such as a HDD
of the X-ray CT apparatus 32, time-series volume data
whose time phase is generally identical with that of the
ultrasonic image, and transfers the volume data to the
storage medium 37 of the image processing/display ap-
paratus 30. Subsequently, the image processing/display
apparatus 30 extracts a reference image corresponding
to the ultrasonic image from the time-series volume data
held in the storage medium 37 and being of the time
phase generally identical with that of the ultrasonic im-
age, and displays the reference image on the monitor
36. The above-described ECG reconstruction method is
a two-dimensional reconstruction method. In the present
embodiment, a three-dimensional reconstruction meth-
od can be applied while a cone-beam reconstruction
method is used as an ECG reconstruction method. This
cone-beam reconstruction method is a known method of
creating a three-dimensional image directly from meas-
urement data without creating two-dimensional images.
[0053] The image processing/display apparatus 30
can obtain a real-time ultrasonic image of the beating
heart captured by the ultrasonic diagnosis apparatus 31,
and smoothly display the motion of the CT-image refer-
ence image corresponding to the ultrasonicimage. In this
case, the time-series volume data transferred from the
X-ray CT apparatus 32 must be fine data for each R-R
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time phase period. For example, in the case where an
ECG reconstructed image is calculated and stored for
each 1% section of the R-R time phase period, a storage
area of 10 GB is required in total if 200 images are cap-
tured along the body axis direction. Such a storage area
can be realized through an improvement of the hardware
configuration; however, this is not practical. Therefore,
theimage processing/display apparatus 30 of the present
embodiment creates the time-series volume data as fol-
lows.

[0054] Thatis, for example, ECG reconstructed imag-
es of 10 time phases (corresponding to the 0% to 90%
positions (10% intervals)) of the R-R time phase period
are created by the X-ray CT apparatus 32 or the image
processing/display apparatus 30, and the time-series
volume data are created on the basis of the ECG recon-
structed images. When the heart time phase of the ultra-
sonic image obtained at the ultrasonic diagnosis appa-
ratus 31 is 45%, the image processing/display apparatus
30 creates an image at the heart time phase of 45%
through image interpolation, from data for the heart time
phases of 50% and 40% of the previously created above-
mentioned time-series volume data.

[0055] The interpolation used here may be a simple
linear interpolation or a higher-order interpolation. This
method enables the ECG-corrected ultrasonic image of
the heart at an arbitrary timing to be displayed to match
the actual ultrasonic diagnosis apparatus 31. Notably,
when 10 time phases are insufficient for visual observa-
tion, finer time-series volume data of, for example, 20
time phases can be created in advance.

[0056] According to the present embodiment, even in
the case of ultrasonic images of a periodically moving
organ such as the heart, it becomes possible to perform
image diagnosis while comparing the real-time ultrasonic
image obtained at the ultrasonic diagnosis apparatus 31
and the CT-image reference image, whereby the image
diagnosis performance can be improved remarkably.
[0057] Notably, in the present embodiment, the heart
is taken as an example of periodically moving organs.
The present invention is similarly applied to the image
diagnosis of the lung which moves with breathing. In this
case, time phases are set on the basis of a biological
signal obtained by measuring the breathing movement
by use of a breathing monitor.

[0058] Preferred embodiments of the ultrasonic diag-
nosis apparatus according to the present invention have
been described with reference to the accompanying
drawings. However, the present invention is not limited
to the above-described embodiments. It is clear that a
person with ordinary skill in the art can easily conceive
various modifications and changes within the technical
idea disclosed herein, and it is contemplated that such
modifications and changes naturally fall within the tech-
nical scope of the present invention.
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Claims

1. An ultrasonic diagnosis apparatus comprising ultra-
sonic-image creation means for reconstructing an
ultrasonic image on the basis of a reflection echo
signal measured by means of an ultrasonic probe
which transmits ultrasonic waves to a subject and
receives the ultrasonic waves from the subject; hold-
ing means for holding data of images of the subject
captured in advance; reference-image creation
means for extracting, from the captured-image data
held in the holding means, a reference image corre-
sponding to a sectional position of the ultrasonic im-
age; and display means for displaying the ultrasonic
image and the reference image, the ultrasonic diag-
nosis apparatus being characterized in that
the holding means holds the captured-image data
with time phase information attached thereto; and
the reference-image creation means extracts the ref-
erence image on the basis of the captured-image
data corresponding to the time of capture of the ul-
trasonic image.

2. Anultrasonicdiagnosis apparatus according to claim
1, further comprising:

time-phase information creation means for cre-
ating the time phase information on the basis of
a biological signal of the subject; and
time-phase information adding means for add-
ing the time phase information created by the
time-phase information creation means to the
ultrasonic image created by the ultrasonic-im-
age creation means and for holding the time-
phase-information added ultrasonicimage in the
holding means.

3. Anultrasonicdiagnosis apparatus according to claim
2, wherein the time-phase information adding means
holds the ultrasonic image in the holding means whil-
ing adding thereto the time-phase information and
the type of the biological signal used to create the
time-phase information, and provides a warning
when the type of the biological signal added together
with the time phase information does not coincide
with the type of a biological signal to be input.

4. Anultrasonicdiagnosis apparatus accordingto claim
1, wherein a plurality of captured-image data sets
over at least one period of a periodically moving or-
gan of the subject are held in the holding means.

5. Anultrasonic diagnosis apparatus according to claim
1, wherein captured-image data sets generated in
accordance with a frame rate at which the ultrasonic
image is displayed are held in the holding means.

6. Anultrasonicdiagnosis apparatus accordingto claim
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1, wherein a frame number reported in synchronism
with the capture of the ultrasonic image and a time
having elapsed from a reference time point to a time
point at which the frame number is acquired are held
in the holding means in a related manner.

An ultrasonic diagnosis apparatus according to claim
1, wherein when the holding means does not hold
the captured-image data whose time phase informa-
tion corresponds to the time point of capture of the
ultrasonic image, the reference-image creation
means creates the reference image through interpo-
lation processing by use of captured-image data at
different time phases.

An ultrasonic diagnosis apparatus according to claim
1, wherein the display means displays the time
phase information together with the ultrasonicimage
and the reference image.

An ultrasonic diagnosis apparatus according to claim
1, wherein the display means displays a cut plane
indicating a sectional position of the ultrasonicimage
together with the ultrasonic image and the reference
image.

An ultrasonic diagnosis apparatus according to claim
1, further comprising position-relation setting means
for setting the positional relation between the ultra-
sonic image and the reference image on the basis
of the positional relation between a reference posi-
tion designated on the captured-image data held in
the holding means, and a reference position desig-
nated on the subject by means of the ultrasonic
probe.

An ultrasonic diagnosis apparatus according to claim
1, wherein the captured-image data held in the hold-
ing means are captured-image data which are ob-
tained by means of an image diagnosis apparatus
and to which the time phase information is added.

An ultrasonic diagnosis apparatus according to claim
11, wherein the captured-image data obtained by
means of the image diagnosis apparatus are image
data reconstructed on the basis of a biological signal
of the subject

An ultrasonic diagnosis apparatus according to claim
12, wherein projection data used for reconstructing
image data on the basis of a biological signal of the
subject are extracted while a predetermined time
phase is set as an end.
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