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(57) A cardiac cavity region specifying part specifies
the position of a cardiac cavity region represented in vol-
ume data. An image generation plane determining part
determines an image generation plane that includes a
rotation axis intersecting the cardiac cavity region. With
a direction orthogonal to the image generation plane as
a view direction, a first image generator generates three-
dimensional image data that three-dimensionally repre-
sents a region excluding the cardiac cavity region, based
on data excluding data included in the cardiac cavity of
the volume data. A second image generator generates
two-dimensional image data that two-dimensionally rep-
resents a region in the image generation plane, based
on the data excluding the data included in the cardiac
cavity region of the volume data. An image synthesizer
synthesizes the three-dimensional image data with the
two-dimensional image data. A display controller causes
a display to display the synthesized image.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a medical im-
age processing apparatus, ultrasound imaging appara-
tus and X-ray CT apparatus, which generate image data
suitable for diagnosis of a heart, and also relates to a
method of processing a medical image.

2. Description of the Related Art

[0002] One of the important tasks in clinical diagnosis
of a heart is advancement of a technique of assessing
myocardial ischemia. In assessment of myocardial
ischemia, an ultrasound imaging apparatus is used to
capture an image by a method such as the color Doppler
method and the contrast image method using a contrast
medium. In this image capture, a state that the coronary
artery or myocardium of the heart is deeply stained with
the contrast medium is extracted as an ultrasound image
such as a color Doppler image, a power Doppler image
and a contrast image. Then, an ischemic part of the heart,
which is a three-dimensional structure, is diagnosed by
the extracted image.
[0003] An ultrasound imaging apparatus that is capa-
ble of acquiring volume data representing a three-dimen-
sional region by scanning the inside of the three-dimen-
sional region with ultrasound waves is known. By a three-
dimensional ultrasound image such as a CFM (Color
Flow Mapping) image, a power Doppler image and a
three-dimensional contrast image generated by the ul-
trasound imaging apparatus, clinical diagnosis is con-
ducted.
[0004] Further, an X-ray CT apparatus is provided with
a multi detector and is thereby capable of generating im-
age data of movement of a heart in real time. This enables
observation of the movement of the heart as a three-
dimensional moving image.
[0005] An ultrasound imaging apparatus for assessing
myocardial ischemia by a three-dimensional image is
known (e.g., Japanese Unexamined Patent Publication
JP-A 2000-210289). This ultrasound imaging apparatus
acquires volume data representing a heart by transmit-
ting and receiving ultrasound waves. Then, the ultra-
sound imaging apparatus specifies a cardiac cavity re-
gion from the volume data and executes a mask process
on data representing the inside of the cardiac cavity re-
gion. Then, the ultrasound imaging apparatus sets a di-
vision plane passing through the long axis of the heart,
and divides, by the division plane, a region represented
in the volume data subjected to the mask process into
plural regions. By executing image processing such as
the MIP (Maximum Intensity Projection) process on the
divided volume data, the ultrasound imaging apparatus
generates ultrasound image data such as MIP image da-

ta and displays an ultrasound image.
[0006] Moreover, in this conventional art, after the MIP
process is executed in a direction to the endocardium,
data is projected to a two-dimensional plane and the pro-
jected data is displayed.
[0007] Diagnosis of myocardial ischemia requires
grasp of how ischemic portions of the myocardium are
distributed from the inside to outside of the myocardium.
However, it is difficult for an observer to grasp how the
the ischemic portions are distributed based on an ultra-
sound image generated by the ultrasound imaging ap-
paratus of the conventional art. Even if, for example, an
MIP image or a three-dimensional image generated by
volume rendering is displayed, it is difficult for the ob-
server to clearly grasp the distribution of the ischemic
portions.
[0008] Further, since the MIP image is an image ob-
tained by projecting volume data to a two-dimensional
plane, it is hard to three-dimensionally see.
[0009] Although the MIP image is displayed while the
volume data is rotated in the conventional art, it is difficult
for the observer to grasp how the ischemic portions are
distributed from the inside to outside of the myocardium.
[0010] Further, a three-dimensional image generated
by volume rendering is generally subjected to the shad-
owing process so as to three-dimensionally show a sub-
ject represented in the image. Because of this shadowing
process, the three-dimensional image does not clearly
show shading represented in the original data, and there-
fore, it is difficult for the observer to read the shading from
the three-dimensional image. Accordingly, it is difficult to
grasp the distribution of the ischemic portions in the my-
ocardium only by the three-dimensional image generated
by volume rendering.
[0011] Thus, it is required to display so that the oper-
ator can easily grasp distribution of lesion sites, such as
the distribution of the ischemic portions in the myocar-
dium.

SUMMARY OF THE INVENTION

[0012] An object of the present invention is to provide
a medical image processing apparatus, ultrasound im-
aging apparatus and X-ray CT apparatus, which are ca-
pable of generating medical image data that facilitate ob-
servation of a lesion part, and also provide a method of
processing a medical image.
[0013] In a first aspect of the present invention, a med-
ical image processing apparatus has: a cardiac cavity
region specifying part configured to receive volume data
representing a heart and specify a position of a cardiac
cavity region represented in the volume data; an axis
setting part configured to set an axis intersecting the car-
diac cavity region; an image generation plane setting part
configured to set an image generation plane including
the axis in the volume data; a first image generator con-
figured to, based on the volume data, generate three-
dimensional image data that stereoscopically represents
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a boundary of the cardiac cavity region, which is a bound-
ary of one of regions of the cardiac cavity region divided
by the image generation plane; a second image gener-
ator configured to, based on data excluding data included
in the cardiac cavity region of the volume data, generate
two-dimensional image data that two-dimensionally rep-
resents a region in the image generation plane; and a
display controller configured to generate synthesized im-
age data by synthesizing the three-dimensional image
data and the two-dimensional image data, and cause a
display to display a synthesized image based on the syn-
thesized image data.
[0014] According to the first aspect, a boundary of the
cardiac cavity region, which is a boundary of one of re-
gions of the cardiac cavity region divided by the image
generation plane, is displayed with a three-dimensional
image, and the tissue in the image generation plane ex-
cluding the cardiac cavity region is displayed with a two-
dimensional image, whereby it is possible to stereoscop-
ically display and observe the boundary of the cardiac
cavity region and also observe a site around the cardiac
cavity region with the two-dimensional image. Conse-
quently, it is possible to display a lesion site existing in
the site around the cardiac cavity region with the two-
dimensional image or the three-dimensional image, de-
pending on a position in which the image generation
plane is set. For example, by displaying a lesion site in
a two-dimensional image, the operator can observe the
state of distribution of the lesion site in the image gener-
ation plane. Moreover, by displaying a lesion site in a
three-dimensional image, it is possible to stereoscopical-
ly display and observe the lesion site. Thus, according
to the first aspect, it is possible to display lesion sites
distributed around a cardiac cavity region in an easily
observable manner.
[0015] Further, in a second aspect of the present in-
vention, an ultrasound imaging apparatus has: an imag-
ing part configured to, with a heart of a subject as an
imaging target, transmit ultrasound waves to the subject
and acquire volume data representing the heart of the
subject based on reflected waves from the subject; a car-
diac cavity region specifying part configured to specify a
position of a cardiac cavity region represented in the vol-
ume data; an axis setting part configured to set an axis
intersecting the cardiac cavity region; an image genera-
tion plane setting part configured to set an image gener-
ation plane including the axis in the volume data; a first
image generator configured to, based on the volume da-
ta, generate three-dimensional image data that stereo-
scopically represents a boundary of the cardiac cavity
region, which is a boundary of one of regions of the car-
diac cavity region divided by the image generation plane;
a second image generator configured to generate two-
dimensional image data that two-dimensionally repre-
sents a region in the image generation plane based on
data excluding data included in the cardiac cavity region
of the volume data; and a display controller configured
to generate synthesized image data by synthesizing the

three-dimensional image data and the two-dimensional
image data, and cause a display to display a synthesized
image based on the synthesized image data.
[0016] Further, in a third aspect of the present inven-
tion, an X-ray CT apparatus has: an imaging part config-
ured to, with a heart of a subject as an imaging target,
irradiate the subject with an X-ray and acquire volume
data representing the heart of the subject based on the
X-ray transmitted through the subject; a cardiac cavity
region specifying part configured to specify a position of
a cardiac cavity region represented in the volume data;
an axis setting part configured to set an axis intersecting
the cardiac cavity region; an image generation plane set-
ting part configured to set an image generation plane
including the axis in the volume data; a first image gen-
erator configured to, based on the volume data, generate
three-dimensional image data that stereoscopically rep-
resents a boundary of the cardiac cavity region, which is
a boundary of one of regions of the cardiac cavity region
divided by the image generation plane; a second image
generator configured to generate two-dimensional image
data that two-dimensionally represents a region in the
image generation plane based on data excluding data
included in the cardiac cavity region of the volume data;
and a display controller configured to generate synthe-
sized image data by synthesizing the three-dimensional
image data and the two-dimensional image data, and
cause a display to display a synthesized image based
on the synthesized image data.
[0017] Further, in a fourth aspect of the present inven-
tion, a method of processing a medical image includes:
receiving volume data that represents a heart and spec-
ifying a position of a cardiac cavity region represented in
the volume data; setting an axis that intersects the car-
diac cavity region; setting an image generation plane that
includes the axis in the volume data; generating three-
dimensional image data that stereoscopically represents
a boundary of the cardiac cavity region, which is a bound-
ary of one of regions of the cardiac cavity region divided
by the image generation plane, based on the volume da-
ta; generating two-dimensional image data that two-di-
mensionally represents a region in the image generation
plane based on data excluding data included in the car-
diac cavity region of the volume data; and generating
synthesized image data by synthesizing the three-dimen-
sional image data and the two-dimensional image data,
and displaying a synthesized image based on the syn-
thesized image data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a block diagram showing a medical image
processing apparatus according to an embodiment
of the present invention.

Fig. 2 is a view schematically showing a region
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scanned with ultrasound waves.

Fig. 3A is a view schematically showing an image
generated by the medical image processing appa-
ratus according to the embodiment of the present
invention.

Fig. 3B is a view schematically showing an image
generated by the medical image processing appa-
ratus according to the embodiment of the present
invention.

Fig. 3C is a view schematically showing an image
generated by the medical image processing appa-
ratus according to the embodiment of the present
invention.

Fig. 4 is a view schematically showing a region
scanned with ultrasound waves.

Fig. 5A is a view schematically showing an image
generated by the medical image processing appa-
ratus according to the embodiment of the present
invention.

Fig. 5B is a view schematically showing an image
generated by the medical image processing appa-
ratus according to the embodiment of the present
invention.

Fig. 6 is a schematic view for describing the size of
a mask region.

Fig. 7A is a view schematically showing a synthe-
sized image generated before the mask region is
changed.

Fig. 7B is a view schematically showing a synthe-
sized image generated after the mask region is
changed.

Fig. 8 is a view schematically showing an image gen-
erated by the medical image processing apparatus
according to the embodiment of the present inven-
tion.

Fig. 9 is a view schematically showing an image gen-
erated by the medical image processing apparatus
according to the embodiment of the present inven-
tion.

Fig. 10 is a view schematically showing a region
scanned with ultrasound waves.

Fig. 11 is a view schematically showing an image
generated by the medical image processing appa-
ratus according to the embodiment of the present
invention.

Fig. 12 is a view schematically showing a synthe-
sized image and a cardiac cavity image.

Fig. 13 is a view schematically showing a synthe-
sized image and a cardiac cavity image.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0019] A medical image processing apparatus accord-
ing to an embodiment of the present invention will be
described with reference to Fig. 1. Fig. 1 is a block dia-
gram showing the medical image processing apparatus
according to the embodiment of the present invention.

(ULTRASOUND IMAGING APPARATUS 100)

[0020] An ultrasound imaging apparatus 100 has an
ultrasound probe. The ultrasound imaging apparatus 100
transmits ultrasound waves to a subject and receives re-
flected waves from the subject, thereby generating ultra-
sound image data based on the reflected waves. More-
over, the ultrasound imaging apparatus 100 attaches
supplementary information including the patient name,
examination ID and examination date to the ultrasound
image data. The ultrasound image data acquired by the
ultrasound imaging apparatus 100 is stored into an image
storing apparatus, which is not shown. Moreover, a med-
ical image processing apparatus 1 reads the ultrasound
image data from the ultrasound imaging apparatus 100
or the image storing apparatus, and stores the read ul-
trasound image data into an image data storage 3.
[0021] A region scanned by the ultrasound imaging ap-
paratus 100 will be described with reference to Fig. 2.
Fig. 2 is a view schematically showing a region scanned
with ultrasound waves. For example, the ultrasound im-
aging apparatus 100 scans a three-dimensional region
V within a subject with ultrasound waves by using an
ultrasound probe 101 (volume scan). The ultrasound im-
aging apparatus 100 acquires volume data representing
the three-dimensional region V in the volume scan. The
volume data is stored into the image storing apparatus.
Moreover, the volume data is outputted to the medical
image processing apparatus I and stored into the image
data storage 3.
[0022] This embodiment describes, as an example, a
case of imaging the left ventricle of a heart and diagnos-
ing an ischemic portion. With the heart of a subject as an
imaging target, the ultrasound imaging apparatus 100
scans the heart with ultrasound waves to acquire volume
data that represents a region including the left ventricle
of the heart.

(MEDICAL IMAGE PROCESSING APPARATUS 1)

[0023] The medical image processing apparatus 1 is
provided with a data transceiver 2, the image data stor-
age 3, a cardiac cavity region specifying part 4, a rotation
axis specifying part 5, a main controller 6, an input part
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7, a display 8, and an image processor 10. The medical
image processing apparatus 1 generates image data
suitable for diagnosis of an ischemic portion based on
the volume data acquired by the ultrasound imaging ap-
paratus 100.

(DATA TRANSCEIVER 2)

[0024] The data transceiver 2 receives the volume data
via a network. To the network, an apparatus capable of
supplying the volume data is connected. For example,
the ultrasound imaging apparatus 100 and the not-shown
image storing apparatus are connected to the network.
The data transceiver 2 is connected to the network to
receive volume data from the ultrasound imaging appa-
ratus 100 or the image storing apparatus via the network.
To the volume data, supplementary information including
the patient name, examination ID and examination date
is attached. The data transceiver 2 outputs the volume
data to the image data storage 3.

(IMAGE DATA STORAGE 3)

[0025] The image data storage 3 stores the volume
data outputted from the data transceiver 2. In this em-
bodiment, volume data representing a region including
the left ventricle of a heart is acquired by the ultrasound
imaging apparatus 100, and the volume data is stored
into the image data storage 3.
[0026] The image data storage 3 is composed of a stor-
ing device such as a hard disk drive and a semiconductor
memory. Moreover, the image data storage 3 stores vol-
ume data outputted from the cardiac cavity region spec-
ifying part 4.

(CARDIAC CAVITY REGION SPECIFYING PART 4)

[0027] The cardiac cavity region specifying part 4
reads the volume data from the image data storage 3
and specifies the position of a cardiac cavity region in
the left ventricle represented in the volume data. As a
method of specifying the position of the cardiac cavity
region, for example, it is possible to use any one of meth-
ods described in Japanese Unexamined Patent Publica-
tions Nos. 7-320068, 10-99328, 2000-217818,
2003-250804, 2005-161032 and 2000-210289.
[0028] For example, the cardiac cavity region specify-
ing part 4 specifies the position of the cardiac cavity re-
gion by the boundary detection method using the lumi-
nance difference of volume data. For example, the car-
diac cavity region specifying part 4 specifies the position
of the cardiac cavity region in the left ventricle represent-
ed in volume data by binarizing volume data or differen-
tiating pixel values. Moreover, the cardiac cavity region
specifying part 4 may specify the position of the cardiac
cavity region by using a contrast image. For example,
imaging is conducted in a state that a contrast medium
majorly including microbubbles is injected into a subject.

Since the blood flow in the cardiac cavity is stained with
higher luminance than the periphery, the cardiac cavity
region specifying part 4 specifies the boundary of the
cardiac cavity region by using the luminance difference
and specifies the inside of the boundary as the cardiac
cavity region.
[0029] The cardiac cavity region specifying part 4 de-
fines the cardiac cavity region represented in the volume
data as a region outside a display target. For example,
the cardiac cavity region specifying part 4 executes a
mask process on the cardiac cavity region represented
in the volume data, thereby defining the cardiac cavity
region as a region outside a display target. For example,
the cardiac cavity region specifying part 4 converts the
pixel values of pixels in the cardiac cavity region to given
values in volume data. The cardiac cavity region speci-
fying part 4 outputs the volume data in which the mask
process has been executed on the cardiac cavity region,
to the image data storage 3. The image data storage 3
stores the volume data having been subjected to the
mask process.

(ROTATION AXIS SPECIFYING PART 5)

[0030] The rotation axis specifying part 5 reads the vol-
ume data in which the cardiac cavity has been subjected
to the mask process, from the image data storage 3. The
rotation axis specifying part 5 then specifies the position
of the long axis of the left ventricle represented in the
volume data. The rotation axis specifying part 5 defines
the specified long axis as a rotation axis with respect to
an image generation plane. As a method of specifying
the position of the long axis of the left ventricle, for ex-
ample, it is possible to use any one of methods disclosed
in Japanese Unexamined Patent Publications Nos.
7-320068, 10-99328, 2000-217818, 2003-250804,
2005-161032 and 2000-210289. For example, the rota-
tion axis specifying part 5 approximates the stereoscopic
left ventricle represented in the volume data by an ellip-
soidal body. The rotation axis specifying part 5 specifies
the long axis of the ellipsoidal body as the long axis of
the left ventricle, and defines the specified long axis as
the rotation axis. For example, as shown in Fig. 2, the
rotation axis specifying part 5 specifies the position of a
long axis A of the left ventricle in a three-dimensional
region, and defines the long axis A as a rotation axis A.
The rotation axis specifying part 5 outputs information
(coordinate information) indicating the position of the ro-
tation axis (long axis) A in the three-dimensional region
to an image generation controller 11 of the image proc-
essor 10. Alternatively, the rotation axis specifying part
5 may specify the position of the short axis of the left
ventricle and define the short axis as the rotation axis.
For example, the rotation axis specifying part 5 specifies
an axis orthogonal to the long axis as the short axis. Since
there are a plurality of axes orthogonal to the long axis,
the rotation axis specifying part 5 can select one of the
axes as the short axis.
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(IMAGE PROCESSOR 10)

[0031] The image processor 10 includes the image
generation controller 11, an image generation plane de-
termining part 12, an image generator 13, a mask region
changer 16 and a display controller 17. The image gen-
erator 13 includes a first image generator 14 and a sec-
ond image generator 15. The display controller 17 in-
cludes an image synthesizer 18. The image processor
10 reads the volume data subjected to the mask process
from the image data storage 3, and generates image data
under image generation conditions outputted from the
main controller 6. The image processor 10 then causes
the display 8 to display an image based on the image
data. The respective parts of the image processor 10 will
be described below.

(IMAGE GENERATION CONTROLLER 11)

[0032] The image generation controller 11 reads the
volume data subjected to the mask process from the im-
age data storage 3. Moreover, the image generation con-
troller 11 receives the coordinate information of the rota-
tion axis A outputted from the rotation axis specifying part
5. Moreover, the image generation controller 11 receives
information indicating the image generation conditions
outputted from the main controller 6. The image gener-
ation conditions include the type of an image to be gen-
erated and a view direction indicating a direction to gen-
erate an image. The image type includes a three-dimen-
sional image generated by volume rendering, an MPR
image, an MIP image, etc. An MPR image is an image
in an arbitrary cross section generated by the MPR (Multi
Planner Reconstruction) process. The image type and
the view direction are previously set in the main controller
6.
[0033] Moreover, the operator can optionally change
the image type and the view direction by using the input
part 7.
[0034] The image generation controller 11 outputs the
volume data subjected to the mask process, the informa-
tion indicating the type of an image to be generated, and
the information (coordinate information) of the view di-
rection, to the first image generator 14 and the second
image generator 15. Moreover, the image generator con-
troller 11 outputs the coordinate information of the rota-
tion axis A and the coordinate information of the view
direction, to the image generation plane determining part
12.

(IMAGE GENERATION PLANE DETERMINING PART 
12)

[0035] The image generation plane determining part
12 receives the coordinate information of the rotation axis
A and the coordinate information of the view direction
that are outputted from the image generation controller
11. The image generation plane determining part 12 then

specifies the position of a plane orthogonal to the view
direction from among a plurality of two-dimensional
planes passing the rotation axis A. The image generation
plane determining part 12 determines the plane as a
plane for generating an image (an image generation
plane). For example, as shown in Fig. 2, the image gen-
eration plane determining part 12 defines a plane that
passes through the rotation axis A and that is orthogonal
to a view direction B, as an image generation plane S.
The image generation plane determining part 12 then
outputs the coordinate information of the image genera-
tion plane S that passes through the rotation axis A and
that is orthogonal to the view direction, to the first image
generator 14 and the second image generator 15.

(FIRST IMAGE GENERATOR 14, SECOND IMAGE 
GENERATOR 15)

[0036] The first image generator 14 and the second
image generator 15 receive the volume data subjected
to the mask process, the information indicating the type
of an image to be generated and the coordinate informa-
tion indicating the view direction, from the image gener-
ation controller 11. Moreover, the first image generator
14 and the second image generator 15 receive the co-
ordinate information of the image generation plane S,
from the image generation plane determining part 12.
The first image generator 14 and the second image gen-
erator 15 then generate image data for display based on
the volume data, respectively.
[0037] In this embodiment, the image generation con-
troller 11 provides the first image generator 14 with an
instruction to generate a three-dimensional image by vol-
ume rendering. Moreover, the image generation control-
ler 11 provides the second image generator 15 with an
instruction to generate an MPR image. In other words,
the image generation controller 11 outputs information
that indicates a three-dimensional image as the type of
a generated image to the first image generator 14, and
outputs information that indicates an MPR image as the
type of a generated image to the second image generator
15.
[0038] The first image generator 14 executes volume
rendering along the view direction B on the volume data
subjected to the mask process, thereby generating three-
dimensional image data that stereoscopically indicates
the tissue. In this embodiment, the first image generator
14 generates three-dimensional image data based on
data, excluding data included in a region in front of the
image generation plane S taken from the view direction
B and data included in a region subjected to the mask
process. Consequently, in a region subjected to the mask
process, three-dimensional image data will not be gen-
erated in a region up to the boundary of the region sub-
jected to the mask process in a region in rear of the image
generation plane S taken from the view direction B. In
other words, the region subjected to the mask process
will not be represented in the three-dimensional image
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data.
[0039] Since the mask process has been executed on
the cardiac cavity region, the first image generator 14
generates three-dimensional image data based on data,
excluding data included in the region in front of the image
generation plane S taken from the view direction B and
data included in the cardiac cavity region subjected to
the mask process. Consequently, in a region in which
the cardiac cavity region exists, three-dimensional image
data will not be generated in the region up to the boundary
of the region subjected to the mask process in the region
in rear of the image generation plane S taken from the
view direction. In other words, the cardiac cavity region
subjected to the mask process will not be represented in
the three-dimensional image data. As a result, in the
three-dimensional image data, a surface of a myocardial
region, which is a surface of the myocardial region in rear
of the image generation plane S taken from the view di-
rection B, is represented at the position of the region in
which the cardiac cavity region exists. The first image
generator 14 may generate shadowed three-dimensional
image data by executing a shadowing process.
[0040] On the other hand, the second image generator
15 executes an MPR process on the volume data sub-
jected to the mask process, thereby generating MPR im-
age data in the image generation plane S. In this embod-
iment, the second image generator 15 generates MPR
image data in the image generation plane S based on
data excluding data included in the region subjected to
the mask process. Since the mask process has been
executed on the cardiac cavity region, the second image
generator 15 generates MPR image data in the image
generation plane S based on data excluding data includ-
ed in the cardiac cavity region. Consequently, in the MPR
image data, the cardiac cavity region is not represented,
and the myocardial region in the image generation plane
S is represented.
[0041] The first image generator 14 outputs the three-
dimensional image data generated by volume rendering
to the display controller 17. The second image generator
15 outputs the MPR image data generated by the MPR
process to the display controller 17.
[0042] A three-dimensional image generated by the
first image generator 14 and an MPR image generated
by the second image generator 15 are shown in Figs.
3A, 3B and 3C. Figs. 3A, 3B and 3C are views schemat-
ically showing an image generated by the medical image
processing apparatus according to the embodiment of
the present invention.
[0043] A three-dimensional image 200 shown in Fig.
3A is a three-dimensional image generated by the first
image generator 14. An MPR image 210 shown in Fig.
3B is an MPR image generated by the second image
generator 15.
[0044] The mask process has been executed on the
cardiac cavity region represented in the volume data. The
three-dimensional image 200 is a three-dimensional im-
age generated based on data, excluding data included

in the cardiac cavity region and data included in the region
in front of the image generation plane S taken from the
view direction B. Therefore, the cardiac cavity region sub-
jected to the mask process is not shown in the three-
dimensional image 200. Since the cardiac cavity region
has been subjected to the mask process, three-dimen-
sional image data will not be generated in a region up to
the endocardium of the myocardial region in the region
in rear of the image generation plane S taken from the
view direction B in the region in which the cardiac cavity
region exists. Thus, in the region in which the cardiac
cavity region exists, the three-dimensional image data in
the region from the image generation plane S to the en-
docardium of the myocardium is not generated, and
therefore, the region from the image generation plane S
to the endocardium of the myocardium is not displayed.
Accordingly, in the three-dimensional image 200 shown
in Fig. 3A, the cardiac cavity region is not shown at the
position of the region in which the cardiac cavity region
exists, and a surface of the myocardium, which is an en-
docardium 201 of the myocardium in rear of the image
generation plane S taken from the view direction B, is
shown. Moreover, a myocardial region 202 around the
cardiac cavity region is shown in the three-dimensional
image 200.
[0045] Further, the MPR image 210 shown in Fig. 3B
is an MPR image generated based on data excluding
data included in the cardiac cavity region.
[0046] Therefore, a cardiac cavity region 211 subject-
ed to the mask process is not shown in the MPR image
210. In the MPR image 210, a myocardial region 212 in
the image generation plane S is shown.

(DISPLAY CONTROLLER 17)

[0047] The display controller 17 receives the three-di-
mensional image data outputted from the first image gen-
erator 14 and the MPR image data outputted from the
second image generator 15, and causes the display 8 to
display a three-dimensional image and an MPR image.
The display controller 17 includes the image synthesizer
18.

(IMAGE SYNTHESIZER 18)

[0048] The image synthesizer 18 synthesizes the
three-dimensional image data generated by the first im-
age generator 14 and the MPR image data generated by
the second image generator 15, thereby generating syn-
thesized image data. In this embodiment, the image syn-
thesizer 18 synthesizes the three-dimensional image da-
ta representing the inner face of the myocardium with the
region in which the cardiac cavity region exists in the
MPR image data representing the myocardial region.
Otherwise, the image synthesizer 18 may synthesize the
MPR image data representing the myocardial region with
a region in which the myocardial region exists except the
region in which the cardiac cavity region exists, in the

11 12 



EP 2 157 546 A2

8

5

10

15

20

25

30

35

40

45

50

55

three-dimensional image data representing the inner
face of the myocardium. In other words, the image syn-
thesizer 18 uses the MPR image data for the myocardial
region and uses the three-dimensional image data rep-
resenting the inner face of the myocardium for the region
in which the cardiac cavity region exists, thereby synthe-
sizing the MPR image data and the three-dimensional
image data. Consequently, the image synthesizer 18
generates synthesized image data in which the myocar-
dial region is represented by the MPR image in the image
generation plane S and the endocardium of the myocar-
dium in rear of the image generation plane S taken from
the view direction B is represented by the three-dimen-
sional image.
[0049] The display controller 17 causes the display 8
to display a synthesized image based on the synthesized
image data. Fig. 3C shows an example of the synthesized
image. The MPR image data in the image generation
plane S is used for the myocardial region, and the three-
dimensional image data representing the endocardium
of the myocardium is used for the region in which the
cardiac cavity region exists. Therefore, in a synthesized
image 220, a myocardial region 222 is shown with an
MPR image, and an endocardium 221 of the myocardium
is shown with a three-dimensional image. Since the car-
diac cavity region is subjected to the mask process, the
cardiac cavity region will not be shown at the position of
the region in which the cardiac cavity region exists. Since
the three-dimensional image data in the region from the
image generation plane S to the endocardium of the my-
ocardium is not generated in the region in which the car-
diac cavity region exists, the region from the image gen-
eration plane S to the endocardium of the myocardium
will not be displayed. Therefore, in the synthesized image
220 shown in Fig. 3C, at the position of the region in
which the cardiac cavity region exists, a surface of the
myocardium, which is the endocardium 221 of the myo-
cardium in rear of the image generation plane S taken
from the view direction B, is shown as a three-dimension-
al image. A region outside the myocardial region may be
shown with an MPR image or a three-dimensional image.

(INPUT PART 7, DISPLAY 8)

[0050] The input part 7 is composed of a pointing de-
vice like a mouse and a trackball, a switch, various types
of buttons, a keyboard, etc. The operator can input the
image generation conditions such as the type of an image
to be generated and the view direction by using the input
part 7. Moreover, the display 8 is composed of a monitor
such as a CRT and a liquid crystal display.
[0051] On the display 8, a synthesized image is dis-
played.

(MAIN CONTROLLER 6)

[0052] The main controller 6 controls the operations of
the data transceiver 2, the cardiac cavity region specify-

ing part 4, the rotation axis specifying part 5 and the image
processor 10. In the main controller 6, the information
indicating the type of an image to be generated and the
information indicating the view direction are previously
set. The main controller 6 outputs the information show-
ing the image generation conditions including the type of
an image and the view direction to the image generation
controller 11 of the image processor 10, and provides
the image generation controller 11 with an instruction to
generate an image. The size of the mask region may also
be included in the image generation conditions. In this
case, the main controller 6 outputs information indicating
the image generation conditions including the size of the
mask region to the image generation controller 11. The
image generation controller 11 outputs the information
indicating the size of the mask region and the volume
data having been subjected to the mask process to the
mask region changer 16.
[0053] As described above, the medical image
processing apparatus 1 according to the embodiment
displays the endocardium of the myocardial region with
a three-dimensional image, and displays the cross sec-
tion of the myocardial region with an MPR image, where-
by it is possible to stereoscopically display and observe
the endocardium of the myocardial region and also ob-
serve the cross section of the myocardium with the MPR
image.
[0054] By displaying the myocardial region with an
MPR image, it is possible to display distribution of lesion
sites such as myocardial infarction in the myocardial re-
gion so that the operator can easily understand. In other
words, the myocardial region is easy to observe when
displayed with an MPR image.
[0055] Therefore, when the myocardial region is dis-
played with an MPR image, the operator can easily see
distribution of lesion sites such as myocardial infarction
in the myocardial region. For example, it becomes easier
to grasp how the myocardial infarction distributes from
the inside to outside of the myocardial region. Thus, the
medical image processing apparatus 1 according to the
embodiment can provide an image by which it is easy to
assess a lesion site such as myocardial infarction.

(CHANGE OF POSITION OF IMAGE GENERATION 
PLANE S)

[0056] Next, change of the position of the image gen-
eration plane S will be described. The operator can input
an angle for changing the image generation plane by
using the input part 7 while observing the synthesized
image 220 displayed on the display 8. To be specific, the
operator can input the angle by moving the mouse or
rotating the track ball. Information representing the move-
ment amount of the mouse or information representing
the rotation amount of the track ball is outputted from the
input part 7 to the main controller 6. The movement
amount of the mouse or the rotation amount of the track
ball corresponds to the change amount of the angle.
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Based on the view direction set in advance and the
change amount of the angle inputted from the input part
7, the main controller 6 obtains a new view direction. The
main controller 6 outputs coordinate information indicat-
ing the newly obtained view direction to the image gen-
eration controller 11 of the image processor 10.
[0057] The image generation controller 11 outputs the
coordinate information indicating the new view direction
to the image generation plane determining part 12. Based
on the coordinate information of the rotation axis A and
the coordinate information indicating the new view direc-
tion, the image generation plane determining part 12 de-
termines, as a new image generation plane S, a plane
orthogonal to the new view direction from among a plu-
rality of two-dimensional planes passing through the ro-
tation axis A. The image generation plane determining
part 12 then outputs the coordinate information of the
new image generation plane S to the first image gener-
ator 14 and the second image generator 15. Moreover
the image generation controller 11 outputs the coordinate
information showing the new view direction to the first
image generator 14 and the second image generator 15.
[0058] As described above, the first image generator
14 executes volume rendering along a new view direction
B on the volume data subjected to the mask process,
thereby generating three-dimensional image data that
stereoscopically represents the tissue. The first image
generator 14 generates three-dimensional image data
based on data, excluding data included in a region in
front of a new image generation plane S taken from the
new view direction B and data included in the cardiac
cavity region subjected to the mask process. Conse-
quently, in the newly generated three-dimensional image
data, a surface of the myocardial region, which is a sur-
face in rear of the new image generation plane S taken
from the new view direction B, is represented.
[0059] Further, as described above, the second image
generator 15 executes the MPR process on the volume
data subjected to the mask process, thereby generating
MPR image data in the new image generation plane S.
The second image generator 15 generates the MPR im-
age data in the new image generation plane S based on
data excluding data included in the cardiac cavity region
subjected to the mask process. Consequently, in the
newly generated MPR image data, the cardiac cavity re-
gion is not represented, and a myocardial region in the
new image generation plane S is represented.
[0060] Then, the image synthesizer 18 synthesizes the
newly generated three-dimensional image data and the
newly generated MPR image data, thereby generating
new synthesized image data. Consequently, the image
synthesizer 18 generates synthesized image data in
which the myocardial region is represented by the MPR
image in the new image generation plane S and the en-
docardium of the myocardium in rear of the new image
generation plane S taken from the new view direction B
is represented by the three-dimensional image. Then,
the display controller 17 causes the display 8 to display

a synthesized image based on the newly generated syn-
thesized image data.
[0061] By repeating the operation of changing the an-
gle by the operator and the process by the image proc-
essor 10, the operator can continuously observe synthe-
sized images in different image generation planes S.
[0062] Now, an example of an image obtained in a case
myocardial infarction exists and the position of the image
generation plane is changed will be described with ref-
erence to Figs. 4, 5A and 5B. Fig. 4 is a view schemati-
cally showing a region scanned with ultrasound waves.
Figs. 5A and 5B are views schematically showing an im-
age generated by the medical image processing appa-
ratus according to the embodiment of the present inven-
tion.
[0063] A view direction B1 shown in Fig. 4 is an initially
set view direction, and an image generation plane S1 is
a plane orthogonal to the view direction B1. The first im-
age generator 14 and the second image generator 15
generate image data by using the view direction B1 and
the image generation plane S1, respectively. As de-
scribed above, the first image generator executes volume
rendering along the view direction B1 on the volume data
subjected to the mask process, thereby generating three-
dimensional image data that stereoscopically represents
the tissue. The first image generator 14 generates the
three-dimensional image data based on data, excluding
data included in a region in front of the image generation
plane S1 taken from the view direction B1 and data in-
cluded in the cardiac cavity region subjected to the mask
process. Moreover, the second image generator 15 ex-
ecutes the MPR process on the volume data having been
subjected to the mask process, thereby generating MPR
image data in the image generation plane S1. The second
image generator 15 generates the MPR image data in
the image generation plane S1 based on data excluding
data included in the cardiac cavity region subjected to
the mask process. Then, the image synthesizer 18 syn-
thesizes the three-dimensional image data and the MPR
image data, thereby generating synthesized image data.
The display controller 17 causes the display 8 to display
a synthesized image based on the synthesized image
data.
[0064] A synthesized image 300 shown in Fig. 5A is
an image generated by using the view direction B1 and
the image generation plane S1. The MPR image data in
the image generation plane S1 is used for the myocardial
region, and the three-dimensional image data represent-
ing the endocardium of the myocardium is used for the
region in which the cardiac cavity region exists.
[0065] Therefore, in the synthesized image 300, a my-
ocardial region 302 is shown with the MPR image, and
an endocardium 301 of the myocardium is shown with
the three-dimensional image. Since the cardiac cavity
region has been subjected to the mask process, a surface
of the myocardium, which is the endocardium 301 of the
myocardium in rear of the image generation plane S1
taken from the view direction B1, is shown as a three-
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dimensional image in the synthesized image 300, in the
position of the region in which the cardiac cavity region
exists. In the synthesized image 300, myocardial infarc-
tion 303 is shown on the opposite side across the cardiac
cavity region taken from the view direction B1. This my-
ocardial infarction 303 is shown as a three-dimensional
image.
[0066] Since use of an MPR image makes it easier to
assess myocardial infarction, the operator changes the
view direction so that the myocardial infarction is shown
in the MPR image. As described above, the operator in-
puts an angle by using the input part 7 while observing
the synthesized image displayed on the display 8. A view
direction B2 shown in Fig. 4 is a view direction designated
by the operator, and an image generation plane S2 is a
plane orthogonal to the view direction B2. As described
above, the first image generator 14 executes volume ren-
dering along the view direction B2 on the volume data
subjected to the mask process, thereby generating three-
dimensional image data that stereoscopically represents
the tissue. The first image generator 14 generates the
three-dimensional image data based on data, excluding
data included in a region in front of the image generation
plane B2 taken from the view direction B2 and data in-
cluded in the cardiac cavity region subjected to the mask
process. Moreover, the second image generator 15 ex-
ecutes the MPR process on the volume data subjected
to the mask process, thereby generating MPR image da-
ta in the image generation plane S2.
[0067] The second image generator 15 generates the
MPR image data in the image generation plane S2 based
on data excluding data included in the cardiac cavity re-
gion subjected to the mask process. Then, the image
synthesizer 18 synthesizes the three-dimensional image
data and the MPR image data, thereby generating syn-
thesized image data. The display controller 17 causes
the display 8 to display a synthesized image based on
the synthesized image data.
[0068] A synthesized image 310 shown in Fig. 5B is
an image generated by using the view direction B2 and
the image generation plane S2. The MPR image data in
the image generation plane S2 is used for the myocardial
region, and the three-dimensional image data represent-
ing the endocardium of the myocardium is used for the
region in which the cardiac cavity region exists.
[0069] Therefore, in the synthesized image 310, a my-
ocardial region 312 is shown with the MPR image, and
an endocardium 311 of the myocardium is shown with
the three-dimensional image. Since the cardiac cavity
region has been subjected to the mask process, a surface
of the myocardium, which is the endocardium 31 of the
myocardium in rear of the image generation plane S2
taken from the view direction B2, is shown as the three-
dimensional image in the position of the region in which
the cardiac cavity region exists in the synthesized image
310. In this synthesized image 310, myocardial infarction
313 is shown in the myocardial region 312 shown with
the MPR image. In a case that the image generation

plane S2 is set at a position passing through the myo-
cardial infarction, the myocardial infarction 313 is shown
in the myocardial region 312 shown with the MPR image.
Since the myocardial region 312 is shown with the MPR
image, it is possible to assess the myocardial infarction
by using such MPR image that facilitates assessment.
[0070] Thus; it is possible to display the myocardial
infarction with the MPR image, depending on a position
in which the image generation plane is set.
[0071] Consequently, the observer can observe the
distribution state of the myocardial infarction in the image
generation plane. For example, by observing the MPR
image, the observer can easily grasp how the myocardial
infarction in the myocardial region distributes from the
inside to outside of the myocardial region.

(MASK REGION CHANGER 16)

[0072] The mask region changer 16 receives informa-
tion indicating the size of the mask region and the volume
data subjected to the mask process, from the image gen-
eration controller 11. The mask region changer 16 chang-
es the size of the mask region in the volume data in ac-
cordance with the information indicating the size of the
mask region. The mask region changer 16 changes the
size of the mask in the volume data by executing the
dilation process or erosion process according to known
techniques. Consequently, in the volume data, the size
of a region outside a display target is changed. For ex-
ample, the mask region changer 16 changes the pixel
values of pixels within a region included in the mask with
the size changed in the volume data, to given values.
The mask region changer 16 outputs the volume data
subjected to a new mask process, to the first image gen-
erator 14 and the second image generator 15. However,
in a case that there is no change of the size of the mask
region, the mask region changer 16 does not execute
the process. The first image generator 14 generates
three-dimensional image data based on the volume data
subjected to the new mask process. Moreover, the sec-
ond image generator 15 generates MPR image data
based on the volume data subjected to the new mask
process.
[0073] Now, the change of the size of the mask region
will be described with reference to Fig. 6. Fig. 6 is a sche-
matic view for describing the size of the mask region. In
the case of dilating the mask region, the mask region
changer 16 increases the size of a mask 401 in the initial
state based on the information indicating the size of the
mask region and changes the mask 401 to a mask 402.
The mask region changer 16 executes the mask process
on the volume data with the new mask 402, and outputs
the volume data subjected to the mask process to the
first image generator 14 and the second image generator
15. In the case of eroding the mask region, the mask
region changer 16 decreases the size of the mask based
on the information indicating the size of the mask region
and changes the mask to a mask 403. The mask region
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changer 16 executes the mask process on the volume
data with the new mask 403, and outputs the volume
data subjected to the mask process to the first image
generator 14 and the second image generator 15. The
first image generator 14 generates three-dimensional im-
age data based on the volume data subjected to the mask
process with the mask 402 or the mask 403.
[0074] Moreover, the second image generator 15 gen-
erates MPR image data based on the volume data sub-
jected to the mask process with the mask 402 or the mask
403.
[0075] For example, the operator gives an instruction
to dilate or erode the mask region by using the input part
7. Moreover, the operator inputs the information indicat-
ing the level of dilation or erosion by using the input part
7. For example, the operator gives dilatability or erodibil-
ity. To be specific, the operator gives a numerical value
such as 120% and 80% by using the input part 7. In a
case that an instruction to execute the dilation process
and the dilatability are given with the input part 7, infor-
mation indicating the dilation process and information in-
dicating the dilatability are outputted from the input part
7 to the main controller 6. The main controller 6 includes
the dilatability of the mask region into the image gener-
ation conditions, and outputs information indicating the
image generation conditions to the image generation
controller 11 of the image processor 10. The image gen-
eration controller 11 outputs, to the mask region changer
16, the volume data having been subjected to the mask
process and the information indicating the dilatability.
The mask region changer 16 increases the mask at the
dilatability and executes the mask process on the volume
data with the dilated mask.
[0076] Then, the mask region changer 16 outputs the
volume data newly subjected to the mask process to the
first image generator 14 and the second image generator
15.
[0077] The first image generator 14 generates three-
dimensional image data based on the volume data sub-
jected to the mask process with the dilated mask.
[0078] Moreover, the second image generator 15 gen-
erates MPR image data based on the volume data sub-
jected to the mask process with the dilated mask.
[0079] The image synthesizer 18 generates synthe-
sized image data by synthesizing the three-dimensional
image data and the MPR image data.
[0080] The synthesized image data generated before
the dilation of the mask region and the synthesized image
data generated after the dilation are shown in Figs. 7A
and 7B. Fig. 7A is a view schematically showing a syn-
thesized image generated before the mask region is
changed. Fig. 7B is a view schematically showing a syn-
thesized image generated after the mask region is
changed. A synthesized image 500 shown in Fig. 7A is
an image generated before the mask region is dilated.
MPR image data in the image generation plane S is used
for a myocardial region 502, and three-dimensional im-
age data representing the endocardium of the myocar-

dium is used for the region in which the cardiac cavity
region exists. Therefore, in the synthesized image 500,
a myocardial region 502 is shown with an MPR image,
and an endocardium 501 of the myocardium is shown
with a three-dimensional image.
[0081] In this synthesized image 500, myocardial inf-
arction 503 is shown on the opposite side across the
cardiac cavity region taken from the view direction B1.
This myocardial infarction 503 is shown with a three-di-
mensional image.
[0082] On the other hand, a synthesized image 510
shown in Fig. 7B is an image generated after the mask
region is dilated. Since the mask region has been dilated,
a region shown with an MPR image is smaller than in the
synthesized image 500. In the synthesized image 510,
a myocardial region 512 is shown with an MPR image,
and a region inside the myocardial region 512 is shown
with a three-dimensional image. Since the mask region
has been dilated, the mask process is also executed on
the inside of the myocardial region. Therefore, an inside
511 of the myocardial region is shown with a three-di-
mensional image. Consequently, myocardial infarction
distributed inside the myocardial region is shown with a
three-dimensional image, and therefore, assessment of
the myocardial infarction is facilitated.
[0083] Further, the first image generator 14 may obtain
the position of the boundary of a region in which the mask
region is cut by the image generation plane S, based on
volume data in which the size of the mask region is not
changed. Then, the first image generator 14 outputs co-
ordinate information indicating the boundary to the dis-
play controller 17. The display controller 17 causes the
display 8 to display a boundary line indicating the bound-
ary so as to be superimposed on a synthesized image.
For example, as shown in Fig. 7B, the display controller
17 causes the display 8 to display the synthesized image
510 and display a boundary line 514 so as to be super-
imposed on the synthesized image 510. The boundary
line 514 is a line indicating the range of the mask region
before the dilation.
[0084] As described above, it is possible to, by chang-
ing the size of the mask region, generate and display a
three-dimensional image that stereoscopically shows the
tissue inside the myocardial region not only the surface
of the myocardial region. That is to say, it is possible to,
by increasing the size of the mask region and including
the inside of the myocardial region into the mask region,
generate and display a three-dimensional image show-
ing the tissue inside the myocardial region. Thus, by ster-
eoscopically displaying myocardial infarction distributed
inside the myocardial region, it is possible to provide in-
formation used for assessment of the myocardial infarc-
tion.

(MODIFICATION I)

[0085] In a modification 1, a plurality of image gener-
ation planes are obtained, and synthesized image data
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in the respective image generation planes are generated.
As an example, generation of two synthesized image da-
ta will be described. As described above, the image gen-
eration plane determining part 12 receives the coordinate
information of the rotation axis A and the coordinate in-
formation of the view direction outputted from the image
generation controller 11, and determines, as a first image
generation plane, a plane orthogonal to the view direction
from among a plurality of planes passing through the ro-
tation axis A. Furthermore, the image generation plane
determining part 12 determines a plane orthogonal to the
first image generation plane and passing through the ro-
tation axis A, as a second image generation plane. The
image generation plane determining part 12 outputs the
coordinate information of the first image generation plane
and the coordinate information of the second image gen-
eration plane, to the first image generator 14 and the
second image generator 15.
[0086] The first image generator 14 executes volume
rendering on the volume data subjected to the mask proc-
ess, by using the first image generation plane and the
view direction orthogonal to the first image generation
plane, thereby generating first three-dimensional image
data. That is to say, the first image generator 14 gener-
ates the first three-dimensional image data based on da-
ta, excluding data included in a region in front of the first
image generation plane taken from the view direction and
data included in the region subjected to the mask proc-
ess. On the other hand, the second image generator 15
executes the MPR process on the volume data subjected
to the mask process, thereby generating first MPR image
data in the first image generation plane.
[0087] The image synthesizer 18 synthesizes the first
three-dimensional image data and the first MPR image
data, thereby generating first synthesized image data.
[0088] Similarly, the first image generator 14 executes
volume rendering on the volume data subjected to the
mask process, by using the second image generation
plane and the view direction orthogonal to the second
image generation plane, thereby generating second
three-dimensional image data.
[0089] That is to say, the first image generator 14 gen-
erates the second three-dimensional image data based
on data, excluding data included in a region in front of
the second image generation plane taken from the view
direction and data included in the region subjected to the
mask process. On the other hand, the second image gen-
erator 15 executes the MPR process on the volume data
subjected to the mask process, thereby generating sec-
ond MPR image data in the second image generation
plane. The image synthesizer 18 synthesizes the second
three-dimensional image data and the second MPR im-
age data, thereby generating second synthesized image
data.
[0090] The display controller 17 causes the display 8
to simultaneously display a first synthesized image based
on the first synthesized image data and a second syn-
thesized image based on the second synthesized image

data.
[0091] The first synthesized image and the second
synthesized image displayed on the display 8 are shown
in Fig. 8. Fig. 8 is a view schematically showing an image
generated by the medical image processing apparatus
according to the embodiment of the present invention.
[0092] The display controller 17 causes the display 8
to simultaneously display a first synthesized image 600
and a second image synthesized image 610 side by side.
Since the first image generation plane and the second
image generation plane are orthogonal to each other, the
first synthesized image 600 and the second synthesized
image 610 are images in the mutually orthogonal planes.
In the first synthesized image 600, a myocardial region
602 is shown with an MPR image, and an endocardium
601 of the myocardium is shown with a three-dimensional
image. Since the cardiac cavity region has been subject-
ed to the mask process, a surface of the myocardium,
which is the endocardium 601 of the myocardium in rear
of the first image generation plane taken from the view
direction, is shown as a three-dimensional image, at the
position of the region in which the cardiac cavity region
exists in the first synthesized image 600. In the first syn-
thesized image 600, myocardial infarction 603 is shown
on the opposite side across the cardiac cavity region tak-
en from the view direction. The myocardial infarction 603
is shown with a three-dimensional image.
[0093] Also in the second synthesized image 610, a
myocardial region 612 is shown with an MPR image and
an endocardium 611 of the myocardium is shown with a
three-dimensional image. Since the cardiac cavity region
has been subjected to the mask process, a surface of
the myocardium, which is the endocardium 611 of the
myocardium in rear of the second image generation
plane taken from the view direction, is shown as a three-
dimensional image at the position of the region in which
the cardiac cavity region exists in the second synthesized
image 610.
[0094] By setting the direction of the first image gen-
eration plane so that the myocardial infarction 603 is
shown on the rotation axis A in the first synthesized image
600, a myocardial infarction site 613 is shown in the MPR
image in the second synthesized image 610. That is to
say, the second image generation plane is defined as a
plane passing through the rotation axis A and orthogonal
to the first image generation plane. Therefore, by setting
the direction of the first image generation plane so that
the myocardial infarction 603 shown in the first synthe-
sized image 600 is shown on the rotation axis A, it is
possible to set the second image generation plan at a
position intersecting the myocardial infarction. Thus, it is
possible to display the myocardial infarction 613 in the
MPR image showing the myocardial region in the second
synthesized image 610. In order to change the direction
of the first image generation plane, as described above,
the operator can input an angle to change the direction
of the first image generation plane by using the input part
7. For example, the operator may input an angle of the
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first image generation plane by using the input part 7 so
that the myocardial infarction 603 is shown on the rotation
axis A in the first synthesized image 600, while observing
the first synthesized image 600 and the second synthe-
sized image 610 displayed on the display 8.
[0095] As described above, according to the modifica-
tion 1, it is possible to display the myocardial infarction
with a three-dimensional image in the first synthesized
image 600, and display the myocardial infarction with an
MPR image in the second synthesized image 610. Since
it is possible to observe distribution of the myocardial
infarction with the three-dimensional image and the MPR
image simultaneously, assessment of the myocardial in-
farction is further facilitated.
[0096] Further, it is possible to fix the position of either
the first image generation plane or the second image
generation plane, and change only the angle of the other.
For example, it is possible to fix the position of the first
image generation plane, and change only the angle of
the second image generation plane. Moreover, although
the first image generation plane and the second image
generation plane are orthogonal to each other in the mod-
ification 1, they may intersect at an arbitrary angle. For
example, the operator may input the direction (angle) of
the first image generation plane and the direction (angle)
of the second image generation plane by using the input
part 7, and make the first image generation plane and
the second image generation plane intersect each other
at an arbitrary angle.

(MODIFICATION 2)

[0097] Next, a modification 2 will be described with ref-
erence to Fig. 9. Fig. 9 is a view schematically showing
an image generated by the medical image processing
apparatus according to the embodiment of the present
invention.
[0098] As in the modification 1 described above, the
display controller 17 causes the display 8 to display two
synthesized images in mutually orthogonal image gen-
eration planes. For example, as shown in Fig. 9, the dis-
play controller 17 causes the display 8 to simultaneously
display a first synthesized image 700 generated by using
the first image generation plane and a second synthe-
sized image 710 generated by using the second image
generation plane side by side. As in the modification 1,
the first image generation plane and the second image
generation plane are orthogonal to each other. There-
fore, the first synthesized image 700 and the second syn-
thesized image 710 are images in the mutually orthogo-
nal planes.
[0099] In the first synthesized image 700, a myocardial
region 702 is shown with an MPR image, and an endo-
cardium 701 of the myocardium is shown with a three-
dimensional image. Since the cardiac cavity region has
been subjected to the mask process, a surface of the
myocardium, which is the endocardium 701 of the myo-
cardium in rear of the first image generation plane taken

from the view direction, is shown as a three-dimensional
image in the position of the region in which the cardiac
cavity region exists in the first synthesized image 700. In
the first synthesized image 700, myocardial infarction
703 is shown on the opposite side across the cardiac
cavity region taken from the view direction. This myocar-
dial infarction 703 is shown with a three-dimensional im-
age. Also in the second synthesized image 710, a myo-
cardial region 712 is shown with an MPR image, and an
endocardium 711 of the myocardium is shown with a
three-dimensional image. Since the cardiac cavity region
has been subjected to the mask process, a surface of
the myocardium, which is the endocardium 711 of the
myocardium in rear of the second image generation
plane taken from the view direction, is shown as a three-
dimensional image in the position of the region in which
the cardiac cavity region exists in the second synthesized
image 710.
[0100] Although the myocardial infarction 703 is shown
within the three-dimensional image in the first synthe-
sized image 700, the myocardial infarction is not shown
in the second synthesized image 710. The second image
generation plane is a plane passing through the rotation
axis A and orthogonal to the first image generation plane.
Although the myocardial infarction 703 is shown in the
first synthesized image 700, it is shown in a position off
the rotation axis A. Therefore, the myocardial infarction
does not exist in the second image generation plane
passing through the rotation axis A and orthogonal to the
first image generation plane. Consequently, the myocar-
dial infarction is not shown in the second synthesized
image.
[0101] If the direction of the first image generation
plane is set so that the myocardial infarction 703 is shown
on the rotation axis A in the first synthesized image 700,
the myocardial infarction is also shown in the second
synthesized image as in the modification 1. In the mod-
ification 2, a process for facilitating the setting of the im-
age generation plane is conducted. The process accord-
ing to the modification 2 will be described below.
[0102] The operator gives an instruction to change the
image generation plane by using the input part 7, and
further designates the myocardial infarction 703 shown
on the display 8. For example, the operator designates
an optional point P within the myocardial infarction 703.
When the optional point P is thus designated, coordinate
information of the point P is outputted from the input part
7 to the main controller 6. The main controller 6 outputs
the coordinate information of the point P to the image
generation controller 11, and the image generation con-
troller 11 outputs the coordinate information of the point
P to the image generation plane determining part 12.
[0103] Upon reception of the coordinate information of
the point P, the image generation plane determining part
12 obtains a line that passes through the point P and is
orthogonal to the first image generation plane. Next, the
image generation plane determining part 12 obtains the
intersection of the line with the surface of the mask region.
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The image generation plane determining part 12 obtains
the intersection of the line with the surface of the mask
region in rear of the first image generation plane taken
from the view direction set with respect to the first image
generation plane. Next, the image generation plane de-
termining part 12 obtains a plane that passes through
the intersection and the rotation axis A, and determines
the plane as a new second image generation plane. The
position of the second image generation plane intersect-
ing with the myocardial infarction is thus obtained.
[0104] Furthermore, the image generation plane de-
termining part 12 determines a plane that is orthogonal
to the new second image generation plane and passes
through the rotation axis A, as a new first image gener-
ation plane. The image generation plane determining part
12 outputs coordinate information of the new first image
generation plane and coordinate information of the new
second image generation plane, to the first image gen-
erator 14 and the second image generator 15.
[0105] The first image generator 14 executes volume
rendering on the volume data subjected to the mask proc-
ess, by using the new first image generation plane and
the view direction orthogonal to the first image generation
plane, thereby generating new first three-dimensional im-
age data. On the other hand, the second image generator
15 executes the MPR process on the volume data sub-
jected to the mask process, thereby generating new first
MPR image data in the new first image generation plane.
The image synthesizer 18 synthesizes the new first three-
dimensional image data and the new first MPR image
data, thereby generating new first synthesized image da-
ta.
[0106] Similarly, the first image generator 14 executes
volume rendering on the volume data subjected to the
mask process, by using the new second image genera-
tion plane and the view direction orthogonal to the second
image generation plane, thereby generating new second
three-dimensional image data. On the other hand, the
second image generator 15 executes the MPR process
on the volume data subjected to the mask process, there-
by generating new second MPR image data in the new
second image generation plane. The image synthesizer
18 synthesizes the new second three-dimensional image
data and the new second MPR image data, thereby gen-
erating new second synthesized image data. The display
controller 17 causes the display 8 to simultaneously dis-
play a first synthesized image based on the new first syn-
thesized image data and a second synthesized image
based on the new second synthesized image data side
by side.
[0107] The new first and second synthesized images
displayed on the display 8 are shown in Fig. 9. The display
controller 17 causes the display 8 to simultaneously dis-
play a new first synthesized image 720 generated by us-
ing the new first image generation plane and a new sec-
ond synthesized image 730 generated by using the new
second image generation plane side by side.
[0108] In the new first synthesized image 720, a myo-

cardial region 722 is shown with an MPR image, and an
endocardium 721 of the myocardium is shown with a
three-dimensional image. Since the cardiac cavity region
has been subjected to the mask process, a surface of
the myocardium, which is the endocardium 721 of the
myocardium in rear of the new first image generation
plane taken from the view direction, is shown as a three-
dimensional image, in the position of the region in which
the cardiac cavity region exists in the first synthesized
image 720. Moreover, in the first synthesized image 720,
myocardial infarction 723 is shown on the opposite side
across the cardiac cavity region taken from the view di-
rection. This myocardial infarction 723 is shown with a
three-dimensional image. Also in the second synthesized
image 730, a myocardial region 732 is shown with an
MPR image, and an endocardium 731 of the myocardium
is shown with a three-dimensional image.
[0109] Since the cardiac cavity region has been sub-
jected to the mask process, a surface of the myocardium,
which is the endocardium 731 of the myocardium in rear
of the new second image generation plane taken from
the view direction, is shown as a three-dimensional im-
age in the second synthesized image 730, in the position
of the region in which the cardiac cavity region exists.
[0110] Further, in the second synthesized image 730,
myocardial infarction 733 is shown as an MPR image.
By the above process, the new second image generation
plane is set in a position intersecting the myocardial inf-
arction.
[0111] Thus, it becomes possible to show the myocar-
dial infarction 733 in an MPR image representing the my-
ocardial region 732, in the second synthesized image
730.
[0112] It becomes possible to show the myocardial in-
farction with a three-dimensional image in the new first
synthesized image 720, and show the myocardial infarc-
tion with an MPR image in the new second synthesized
image. Since it is possible to observe distribution of the
myocardial infarction in the three-dimensional image and
the MPR image simultaneously, assessment of the my-
ocardial infarction is facilitated.
[0113] As described above, according to the modifica-
tion 2, in order to display the myocardial infarction with
an MPR image, the operator does not need to designate
the view direction (angle of the image generation plane),
and can generate an image in which the myocardial inf-
arction can be easily observed in a simple operation. That
is to say, without generating and displaying the first and
second synthesized images while gradually rotating the
first and second image generation planes, it is possible
to generate an image by which the myocardial infarction
is easily observed, in a simple operation. For example,
since the second image generation plane intersecting
with the myocardial infarction is set only by designation
with the point P of the myocardial infarction 703 shown
in the three-dimensional image of the first synthesized
image 700 as described above, it is possible to display
the cross section of the myocardial infarction in the MPR
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image of the second synthesized image. For example,
by designating a part around the center of the myocardial
infarction shown in the three-dimensional image of the
first synthesized image 700, it is possible to set the sec-
ond image generation plane intersecting with the part
around the center of the myocardial infarction. Thus, it is
possible to display the cross section in substantially cent-
er of the myocardial infarction, with the MPR image in
the second synthesized image.

(MODIFICATION 3)

[0114] In a modification 3, two view directions opposite
to each other are set, and image data taken from the
opposite sides to each other are generated. A process
according to the modification 3 will be described with ref-
erence to Fig. 10. Fig. 10 is a view schematically showing
a region scanned with ultrasound waves. The first image
generator 14 executes volume rendering along the view
direction B1 on the volume data subjected to the mask
process, thereby generating first three-dimensional im-
age data that stereoscopically represents the tissue. The
first image generator 14 generates the first three-dimen-
sional image data based on data, excluding data included
in the region in front of the image generation plane S
taken from the view direction B1 and data included in the
region subjected to the mask process. Consequently,
three-dimensional image data will not be generated in
the region up to the boundary of the region subjected to
the mask process in the region in rear of the image gen-
eration plane S taken from the view direction B1 in the
region subjected to the mask process.
[0115] Furthermore, the first image generator 14 exe-
cutes volume rendering along the view direction B2 op-
posite to the view direction B1, on the volume data sub-
jected to the mask process, thereby generating second
three-dimensional image data that stereoscopically rep-
resents the tissue. The first image generator 14 gener-
ates the second three-dimensional image data based on
data, excluding data included in the region in front of the
image generation plane S taken from the view direction
B2 and data included in the region subjected to the mask
process. Consequently, three-dimensional image data
will not be generated in the region up to the boundary of
the region subjected to the mask process in the region
in rear of the image generation plane S taken from the
view direction B2 in the region having been subjected to
the mask process.
[0116] On the other hand, the second image generator
15 executes the MPR process on the volume data sub-
jected to the mask process, thereby generating MPR im-
age data in the image generation plane S. The second
image generator 15 generates the MPR image data in
the image generation plane S based on data excluding
data included in the region subjected to the mask proc-
ess.
[0117] Then, the image synthesizer 18 synthesizes the
first three-dimensional image data and the MPR image

data, thereby generating first synthesized image data.
Moreover, the image synthesizer 18 synthesizes the sec-
ond three-dimensional image data and the MPR image
data, thereby generating second synthesized image da-
ta.
[0118] The display controller 17 causes the display 8
to simultaneously display a first synthesized image based
on the first synthesized image data and a second syn-
thesized image based on the second synthesized image
data.
[0119] The first and second synthesized images dis-
played on the display 8 are shown in Fig. 11. Fig. 11 is
a view schematically showing an image generated by the
medical image processing apparatus according to the
embodiment of the present invention.
[0120] For example, the display controller 17 causes
the display 8 to simultaneously display a first synthesized
image 800 and a second synthesized image 810 side by
side. The first and second synthesized images 800 and
810 are images generated by using the view directions
opposite to each other.
[0121] In the first synthesized image 800, a myocardial
region 802 is shown with an MPR image, and an endo-
cardium 801 of the myocardium is shown with a three-
dimensional image. Since the cardiac cavity region has
been subjected to the mask process, a surface of the
myocardium, which is the endocardium 801 of the myo-
cardium in rear of the image generation plane S taken
from the view direction B1, is shown as a three-dimen-
sional image in the position of a region in which the car-
diac cavity region exists, in the first synthesized image
800. In the first synthesized image 800, myocardial inf-
arction 803 is shown on the opposite side across the
cardiac cavity region taken from the view direction B1.
This myocardial infarction 803 is shown with a three-di-
mensional image.
[0122] Further, in the second synthesized image 810,
a myocardial region 812 is shown with an MPR image,
and an endocardium 811 of the myocardium is shown
with a three-dimensional image. Since the cardiac cavity
region has been subjected to the mask process, a surface
of the myocardium, which is the endocardium 811 of the
myocardium in rear of the image generation pane S taken
from the view direction B2 (a direction opposite to the
view direction B1), is shown as a three-dimensional im-
age in the position of the region in which the cardiac cavity
region exists in the second synthesized image 810.
[0123] As described above, the view directions are op-
posite to each other in the first synthesized image 800
and the second synthesized image 810.
[0124] Therefore, with reference to the view direction
B1 in the first synthesized image 800, the endocardium
811 of the myocardium in front of the image generation
plane S taken from the view direction B1 is shown in the
second synthesized image 810. That is to say, the en-
docardium 811 of the myocardium shown in the second
synthesized image 810 represents the endocardium of
the myocardium in front of the image generation plane S
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taken from the view direction B1. Thus, the endocardium
of the myocardium in front of the image generation plane
S taken from the view direction B1, which is not shown
in the first synthesized image 800, is shown in the second
synthesized image 810. Similarly, the endocardium 801
of the myocardium in front of the image generation plane
S taken from the view direction B2 is shown in the first
synthesized image 810. That is to say, the endocardium
801 of the myocardium shown in the first synthesized
image 800 represents the endocardium of the myocar-
dium in front of the image generation plane S taken from
the view direction B2. Thus, the endocardium of the my-
ocardium in front of the image generation plane S taken
from the view direction B2, which is not shown in the
second synthesized image 810, is shown in the first syn-
thesized image 800.
[0125] Then, when the operator changes the view di-
rection B1 (the angle of the image generation plane) by
using the input part 7, the first image generator 14 gen-
erates first three-dimensional image data by using the
changed view direction B1, and generates second three-
dimensional image data by using the view direction B2
opposite to the changed view direction B1.
[0126] As described above, by generating and display-
ing the first and second synthesized images 800 and 810
in which the view directions are opposite to each other,
it is possible to reduce the work required for observing
the whole inside of the myocardial region. For example,
it is possible to observe the whole inside of the myocardial
region even if the amount of rotation of the image gen-
eration plane is decreased to half of that in the case of
generating and displaying a synthesized image by using
one view direction. For example, in the case of generating
and displaying a synthesized image by using one view
direction, for observation of the whole inside of the my-
ocardial region, it is necessary to gradually rotate the
image generation plane 360 degrees to generate and
display a synthesized image in the image generation
plane at each angle. On the other hand, since view di-
rections opposite to each other are set and synthesized
images by using the respective view directions are gen-
erated and displayed in the modification 3, it is possible
to display the whole inside of the myocardial region only
by rotating the image generation plane 180 degrees.
[0127] Further, instead of simultaneously displaying
the first and second synthesized images 800 and 810,
the display controller 17 may switch to display each of
the images. For example, when the operator gives an
instruction to switch the images by using the input part
7, the display controller 17 switches the first and second
synthesized images 800 and 810 in response to the
switching instruction and causes the display 8 to display.

(MODIFICATION 4)

[0128] In a modification 4, a three-dimensional image
that stereoscopically shows the surface of the cardiac
cavity region is generated and displayed.

[0129] Upon reception of the volume data in which the
cardiac cavity region has been subjected to the mask
process, the image generator 13 executes volume ren-
dering on the volume data, thereby generating three-di-
mensional image data that stereoscopically represents
the surface of the mask region.
[0130] That is to say, the image generator 13 gener-
ates three-dimensional image data that stereoscopically
represents the surface of the cardiac cavity region. More-
over, the image generator 13 receives the coordinate in-
formation of the image generation plane S from the image
generation plane determining part 12, and generates im-
age data schematically representing a frame shape as
the shape of the image generation plane S. The image
generator 13 synthesizes the image data representing
the frame shape with the three-dimensional image data
representing the surface of the cardiac cavity region,
thereby generating cardiac cavity image data. The image
generator 13 outputs the cardiac cavity image data to the
display controller 17. The display controller 17 causes
the display 8 to simultaneously display a synthesized im-
age based on the synthesized image data generated by
the image synthesizer 18 and a cardiac cavity image
based on the cardiac cavity image data side by side.
[0131] An example of the cardiac cavity image is
shown in Fig. 12. Fig. 12 is a view schematically showing
the synthesized image and the cardiac cavity image. The
display controller 17 causes the display 8 to simultane-
ously display a synthesized image 900 generated by the
image synthesizer 18 and a cardiac cavity image 910
generated by the image generator 13 side by side.
[0132] The synthesized image 900 is an image gener-
ated by using the view direction B and the image gener-
ation plane S as in the above embodiment. In the syn-
thesized image 900, a myocardial region 902 is shown
with an MPR image, and an endocardium 901 of the my-
ocardium is shown with a three-dimensional image.
Since the cardiac cavity region has been subjected to
the mask process, a surface of the myocardium, which
is the endocardium 901 of the myocardium in rear of the
image generation plane S taken from the view direction
B, is shown as a three-dimensional image in the position
of the region in which the cardiac cavity region exists in
the synthesized image 900.
[0133] Moreover, in the synthesized image 900, myo-
cardial infarction 903 is shown on the opposite side
across the cardiac cavity region taken from the view di-
rection B. The myocardial infarction 903 is shown with a
three-dimensional image.
[0134] On the other hand, in a cardiac cavity image
910, the surface of a mask region 911 is stereoscopically
shown. That is, in the cardiac cavity image 910, the sur-
face of the cardiac cavity region is stereoscopically
shown.
[0135] Furthermore, since image data representing a
frame-shaped image generation plane S is included in
the cardiac cavity image data, a frame 912 representing
the image generation plane S is shown in the cardiac
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cavity image 910 displayed on the display 8. The display
controller 17 may cause the display 8 to display the car-
diac cavity image 910 translucently. Thus, the surface of
the cardiac cavity region is displayed translucently.
[0136] By observing the cardiac cavity image 910, the
operator can easily grasp the position of the image gen-
eration plane S with respect to the cardiac cavity region.
Thus, the operator can easily set the image generation
plane S in a desired position while observing the cardiac
cavity image 910.
[0137] Also in the case of setting a plurality of image
generation planes to generate and display a plurality of
synthesized images as in the modification 1, a cardiac
cavity image may be generated and displayed. As an
example, a case of generating two synthesized image
data as in the modification 1 will be described. The image
generator 13, as described above, executes volume ren-
dering on volume data in which a cardiac cavity region
has been subjected to the mask process, thereby gen-
erating three-dimensional image data that stereoscopi-
cally represents the surface of a mask region (a cardiac
cavity region). Furthermore, the image generator 13 re-
ceives coordinate information of a first image generation
plane and coordinate information of a second image gen-
eration plane that is different from the first image gener-
ation plane, from the image generation plane determining
part 12. The image generator 13 generates image data
that represents a frame shape as the shape of the first
image generation plane and image data that represents
a frame shape as the shape of the second image gener-
ation plane. The image generator 13 synthesizes the im-
age data representing the first image generation plane
and the image data representing the second image gen-
eration plane with the three-dimensional image data rep-
resenting the surface of the cardiac cavity region, thereby
generating cardiac cavity image data. The display con-
troller 17 causes the display 8 to simultaneously display
a first synthesized image based on first synthesized im-
age data, a second synthesized image based on second
synthesized image data, and a cardiac cavity image
based on the cardiac cavity image data side by side.
[0138] An example of the cardiac cavity image is
shown in Fig. 13. Fig. 13 is a view schematically showing
a synthesized image and a cardiac cavity image.
[0139] The display controller 17 causes the display 8
to simultaneously display a first synthesized image 600,
a second synthesized image 610, and a cardiac cavity
image 920 side by side. The first synthesized image 600
and the second synthesized image 610 are images gen-
erated by the image generator 18. For example, as in the
modification 1, the first synthesized image 600 and the
second synthesized image 610 represent images in mu-
tually orthogonal planes.
[0140] Further, in the cardiac cavity image 920, the
surface of a mask region 921 (a cardiac cavity region) is
stereoscopically shown. Furthermore, since image data
representing a frame shape as the shape of a first image
generation plane and image data representing a frame

shape as the shape of a second image generation plane
are included in the cardiac cavity image data, a frame
922 representing the first image generation plane and a
frame 923 representing the second image generation
plane are shown in the cardiac cavity image 920 dis-
played on the display 8. The display controller 17 may
cause the display 8 to display the cardiac cavity image
920 translucently.
[0141] Furthermore, in the case of displaying a plurality
of synthesized images and displaying a plurality of
frames in a cardiac cavity image, the display controller
17 may cause the display 8 to display the frames in dif-
ferent display modes from each other. In the example
shown in Fig. 13, the display controller 17 causes the
display 8 to display the frame 922 representing the first
image generation plane and the frame 923 representing
the second image generation plane in different display
modes from each other.
[0142] For example, the display controller 17 causes
the display 8 to display the frames in different colors, line
types (solid line, broken line), etc. For example, the dis-
play controller 17 causes the display 8 to display the
frame 922 that represents the first image generation
plane by a solid line and the frame 923 that represents
the second image generation plane by a broken line.
[0143] Alternatively, the display controller 17 may
cause the display 8 to display the frame 922 that repre-
sents the first image generation plane and the frame 923
that represents the second image generation plane in
different colors.
[0144] Furthermore, the display controller 17 may
cause the display 8 to display the rim of the display sec-
tion of a synthesized image in the same display mode as
the frame representing an image generation plane in
which the synthesized image has been generated. Con-
sequently, the display mode of the rim of the display sec-
tion of the synthesized image and the display mode of
the frame representing the image generation plane in
which the synthesized image has been generated are
associated with each other. The display controller 17
causes the display 8 to display so that the display mode
of the rim of the display section of the first synthesized
image generated by using the first image generation
plane is the same as the display mode of the frame 922
representing the first image generation plane. For exam-
ple, the display controller 17 causes the display 8 to dis-
play the rim of the display section and the frame with the
same color, line type (solid line, broken line), etc. For
example, as shown in Fig. 13, the display controller 17
causes the display 8 to display the frame 922 represent-
ing the first image generation plane by a solid line, and
display the rim of the display section of the first synthe-
sized image 600 generated by using the first image gen-
eration plane by a solid line. On the other hand, the dis-
play controller 17 causes to display the frame 923 rep-
resenting the second image generation plane by a broken
line, and display the rim of the display section of the sec-
ond synthesized image 610 generated by using the sec-
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ond image generation plane by a broken line. Alterna-
tively, the display controller 17 may cause the display 8
to display the frame 922 and the rim of the display section
of the first synthesized image in one color, and display
the frame 923 and the rim of the display section of the
second synthesized image 610 in another color.
[0145] Then, when the operator changes the view di-
rection (the angle of the image generation plane) by using
the input part 7, in response to the change, the positions
of the frames 922 and 923 representing the image gen-
eration planes are changed, and the frames are dis-
played on the display 8.
[0146] As described above, by displaying the rim of
the display section and the frame in the same display
mode, the operator can easily grasp the association be-
tween the synthesized image and the image generation
plane (frame). That is, the operator can easily grasp what
synthesized image is generated by using each of the im-
age generation planes.
[0147] The cardiac cavity region specifying part 4, the
rotation axis specifying part 5, the main controller 6 and
the image processor 10 may be each composed of a not-
shown CPU (Central Processing Unit) and a not-shown
storage device such as a ROM (Read Only Memory), a
RAM (Random Access Memory) and an HDD (Hard Disk
Drive). The storage device stores: a cardiac cavity region
specifying program for executing the function of the car-
diac cavity specifying part 4; a rotation axis specifying
program for executing the function of the rotation axis
specifying part 5; a control program for executing the
function of the main controller 6; and an image processing
program for executing the function of the image proces-
sor 10.
[0148] Moreover, the image processing program in-
cludes: an image generation control program for execut-
ing the function of the image generation controller 11; an
image generation plane determining program for execut-
ing the function of the image generation plane determin-
ing part 12; an image generation program for executing
the function of the image generator 13; a mask region
changing program for executing the function of the mask
region changer 16; and a display control program for ex-
ecuting the function of the display controller 17. Moreo-
ver, the image generation program includes a first image
generation program for executing the function of the first
image generator 14, and a second image generation pro-
gram for executing the function of the second image gen-
erator 15. Moreover, the display control program includes
an image synthesizing program for executing the function
of the image synthesizer 18. Through execution of the
respective programs by the CPU, the functions of the
respective parts are executed.
[0149] Further, an imaging apparatus provided with
the medical image processing apparatus 1 and the ultra-
sound imaging apparatus 100 can also produce the same
actions and effects as the medical image processing ap-
paratus 1 according to this embodiment. The medical
image processing apparatus 1 and the ultrasound imag-

ing apparatus 100 compose an example of an "ultra-
sound imaging apparatus" of the present invention.
[0150] Further, the medical image processing appara-
tus 1 according to this embodiment may generate syn-
thesized image data based on volume data acquired by
a medical image capturing apparatus other than the ul-
trasound imaging apparatus 100. For example, the med-
ical image processing apparatus I may generate synthe-
sized image data based on volume data of a subject ac-
quired by an X-ray CT apparatus. The X-ray CT appara-
tus is provided with an X-ray tube that radiates an X-ray,
an X-ray detector placed opposite to the X-ray tube
across a subject, and a reconstruction processor. Then,
the X-ray CT apparatus rotates the X-ray tube and the
X-ray detector around the subject while radiating an X-
ray from the X-ray tube, thereby collecting X-ray projec-
tion data. The reconstruction processor reconstructs the
collected X-ray projection data by a known reconstruction
method, thereby generating volume data representing
the subject. The medial image processing apparatus 1
receives the volume data acquired by the X-ray CT ap-
paratus, and generates synthesized image data based
on the volume data. Moreover, an apparatus provided
with the medical image processing apparatus 1 and the
X-ray CT apparatus can also produce the same actions
and effects as the medical image processing apparatus
1 according to this embodiment. The medical image
processing apparatus 1 and the X-ray CT apparatus com-
pose an example of an "X-ray CT apparatus" of the
present invention.

Aspects of the invention:

[0151]

1. The method of processing a medical image ac-
cording to claim 13, wherein, with a direction orthog-
onal to the image generation plane as a view direc-
tion, a rendering process is executed on the data
excluding the data included in the cardiac cavity re-
gion of the volume data, and the three-dimensional
image data that stereoscopically represents the
boundary of the one region excluding the cardiac
cavity region is thereby generated.

2. The method of processing a medical image ac-
cording to aspect 1, wherein the rendering process
is executed on data excluding data included in a di-
lated region larger than the cardiac cavity region of
the volume data, and three-dimensional image data
that stereoscopically represents a region excluding
the dilated region is thereby generated.

3. The method of processing a medical image ac-
cording to claim 13, wherein:

designation of an angle of the image generation
plane is received, the image generation plane
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is rotated around the axis by the designated an-
gle, and a new image generation plane in place
of the image generation plane is set;
new three-dimensional image data is generated
by using the new image generation plane;
new two-dimensional image data is generated
in the new image generation plane; and
new synthesized image data is generated by
synthesizing the new three-dimensional image
data and the new two-dimensional image data,
and a synthesized image based on the new syn-
thesized image data is displayed.

4. The method of processing a medical image ac-
cording to claim 13, wherein:

the image generation plane and a second image
generation plane that includes the axis and in-
tersects the image generation plane are set;
first three-dimensional image data is generated
by using the image generation plane and second
three-dimensional image data is generated by
using the second image generation plane;
first two-dimensional image data in the image
generation plane is generated, and second two-
dimensional image data in the second image
generation plane is generated; and
first synthesized image data is generated by
synthesizing the first three-dimensional image
data and the first two-dimensional image data,
second synthesized image data is generated by
synthesizing the second three-dimensional im-
age data and the second two-dimensional im-
age data, and a first synthesized image based
on the first synthesized image data and a second
synthesized image based on the second syn-
thesized image data are displayed.

5. The method of processing a medical image ac-
cording to aspect 4, wherein a plane that includes
the axis and that is orthogonal to the image gener-
ation plane is set as the second image generation
plane.

6. The method of processing a medical image ac-
cording to claim 13, wherein:

When designation of an optional point on the
synthesized image displayed on the display is
received, a line that passes through the desig-
nated point and that is orthogonal to the image
generation plane is obtained, an intersection of
the line and the boundary of the cardiac cavity
region is obtained, and a plane including the in-
tersection and the axis is set as a new image
generation plane in place of the image genera-
tion plane;
new three-dimensional image data is generated

by using the new image generation plane;
new two-dimensional image data is generated
in the new image generation plane; and
new synthesized image data is generated by
synthesizing the new three-dimensional image
data and the new two-dimensional image data,
and a synthesized image based on the new syn-
thesized image data is displayed.

7. The method of processing a medical image ac-
cording to aspect 6, wherein:

the new image generation plane and another
image generation plane that includes the axis
and that is orthogonal to the new image gener-
ation plane are set;
the new three-dimensional image data is gen-
erated by using the new image generation plane,
and another three-dimensional image data is
generated by using the other image generation
plane;
the new two-dimensional image data is gener-
ated in the new image generation plane, and
another two-dimensional image data is gener-
ated in the other image generation plane; and
the new synthesized image data is generated
by synthesizing the new three-dimensional im-
age data and the new two-dimensional image
data, another synthesized image data is gener-
ated by synthesizing the other three-dimension-
al image data and the other two-dimensional im-
age data, and a synthesized image based on
the new synthesized image data and another
synthesized image based on the other synthe-
sized image data are displayed.

[0152] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Claims

1. A medical image processing apparatus, comprising:

a cardiac cavity region specifying part (4) con-
figured to receive volume data representing a
heart and specify a position of a cardiac cavity
region represented in the volume data;
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an axis setting part (5) configured to set an axis
intersecting the cardiac cavity region;
an image generation plane setting part (12) con-
figured to set an image generation plane includ-
ing the axis in the volume data;
a first image generator (14) configured to, based
on the volume data, generate three-dimensional
image data that stereoscopically represents a
boundary of the cardiac cavity region, which is
a boundary of one of regions of the cardiac cavity
region divided by the image generation plane;
a second image generator (15) configured to,
based on data excluding data included in the
cardiac cavity region of the volume data, gener-
ate two-dimensional image data that two-dimen-
sionally represents a region in the image gen-
eration plane; and
a display controller (17) configured to generate
synthesized image data by synthesizing the
three-dimensional image data and the two-di-
mensional image data, and cause a display (8)
to display a synthesized image based on the
synthesized image data.

2. The medical image processing apparatus according
to claim 1, wherein the first image generator (14) is
configured to execute a rendering process with a di-
rection orthogonal to the image generation plane as
a view direction, on the data excluding the data in-
cluded in the cardiac cavity region of the volume da-
ta, thereby generating the three-dimensional image
data that stereoscopically represents the boundary
of the one region excluding the cardiac cavity region.

3. The medical image processing apparatus according
to claim 2, wherein the first image generator (14) is
further configured to execute the rendering process
on data excluding data included in a dilated region
larger than the cardiac cavity region of the volume
data, thereby generating three-dimensional image
data that stereoscopically represents a region ex-
cluding the dilated region.

4. The medical image processing apparatus according
to any of claims 1 to 3, wherein:

the image generation plane setting part (12) is
configured to receive designation of an angle of
the image generation plane, rotate the image
generation plane around the axis by the desig-
nated angle, and set a new image generation
plane in place of the image generation plane;
the first image generator (14) is configured to
generate new three-dimensional image data by
using the new image generation plane;
the second image generator (15) is configured
to generate new two-dimensional image data in
the new image generation plane; and

the display controller (17) is configured to gen-
erate new synthesized image data by synthe-
sizing the new three-dimensional image data
and the new two-dimensional image data, and
cause the display (8) to display a synthesized
image based on the new synthesized image da-
ta.

5. The medical image processing apparatus according
to any of claims 1 to 3, wherein:

the image generation plane setting part (12) is
configured to set the image generation plane,
and a second image generation plane that in-
cludes the axis and intersects the image gener-
ation plane;
the first image generator (14) is configured to
generate first three-dimensional image data by
using the image generation plane, and second
three-dimensional image data by using the sec-
ond image generation plane;
the second image generator (15) is configured
to generate first two-dimensional image data in
the image generation plane, and second two-
dimensional image data in the second image
generation plane; and
the display controller (17) is configured to gen-
erate first synthesized image data by synthesiz-
ing the first three-dimensional image data and
the first two-dimensional image data, generate
second synthesized image data by synthesizing
the second three-dimensional image data and
the second two-dimensional image data, and
cause the display (8) to display a first synthe-
sized image based on the first synthesized im-
age data and a second synthesized image
based on the second synthesized image data.

6. The medical image processing apparatus according
to claim 5, wherein the image generation plane set-
ting part (12) is configured to set a plane that includes
the axis and that is orthogonal to the image gener-
ation plane, as the second image generation plane.

7. The medical image processing apparatus according
to any of claims 1 to 6, wherein:

upon reception of designation of an optional
point on the synthesized image displayed on the
display (8), the image generation plane setting
part (12) is configured to obtain a line that passes
through the designated point and is orthogonal
to the image generation plane, obtain an inter-
section of the line and the boundary of the car-
diac cavity region, and set a plane including the
intersection and the axis as a new image gen-
eration plane in place of the image generation
plane;
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the first image generator (14) is configured to
generate new three-dimensional image data by
using the new image generation plane;
the second image generator (15) is configured
to generate new two-dimensional image data in
the new image generation plane; and
the display controller (17) is configured to gen-
erate new synthesized image data by synthe-
sizing the new three-dimensional image data
and the new two-dimensional image data, and
cause the display (8) to display a synthesized
image based on the new synthesized image da-
ta.

8. The medical image processing apparatus according
to claim 7, wherein:

the image generation plane setting part (12) is
configured to set the new image generation
plane, and another image generation plane that
includes the axis and is orthogonal to the new
image generation plane;
the first image generator (14) is configured to
generate the new three-dimensional image data
by using the new image generation plane, and
generate another three-dimensional image data
by using the other image generation plane;
the second image generator (15) is configured
to generate the new two-dimensional image da-
ta in the new image generation plane, and gen-
erate another two-dimensional image data in the
other image generation plane; and
the display controller (17) is configured to gen-
erate the new synthesized image data by syn-
thesizing the new three-dimensional image data
and the new two-dimensional image data, gen-
erate another synthesized image data by syn-
thesizing the other three-dimensional image da-
ta and the other two-dimensional image data,
and cause the display to display the synthesized
image based on the new synthesized image da-
ta and another synthesized image based on the
other synthesized image data.

9. The medical image processing apparatus according
to any of claims 2 to 8, wherein:

the first image generator (14) is configured to
set a first view direction orthogonal to the image
generation plane, and a second view direction
opposite to the first view direction, generate first
three-dimensional image data by executing the
rendering process in the first view direction on
the data excluding the data included in the car-
diac cavity region of the volume data, and gen-
erate second three-dimensional image data by
executing the rendering process in the second
view direction on the data excluding the data

included in the cardiac cavity region of the vol-
ume data; and
the display controller (17) is configured to gen-
erate first synthesized image data by synthesiz-
ing the first three-dimensional image data and
the two-dimensional image data, generate sec-
ond synthesized image data by synthesizing the
second three-dimensional image data and the
two-dimensional image data, and cause the dis-
play (8) to display a first synthesized image
based on the first synthesized image data and
a second synthesized image based on the sec-
ond synthesized image data.

10. The medical image processing apparatus according
to any of claims 1 to 9, further comprising:

an image generator (13) configured to generate
three-dimensional image data that stereoscop-
ically represents a surface of the cardiac cavity
region based on the volume data, generate im-
age data that represents the image generation
plane in a frame shape, and generate cardiac
cavity image data by synthesizing the three-di-
mensional image data representing the cardiac
cavity region and the image data representing
the image generation plane, wherein:

the display controller (17) is further config-
ured to cause the display (8) to display a
cardiac cavity image based on the cardiac
cavity image data.

11. An ultrasound imaging apparatus, comprising:

an imaging part configured to, with a heart of a
subject as an imaging target, transmit ultra-
sound waves to the subject and acquire volume
data representing the heart of the subject based
on reflected waves from the subject;
a cardiac cavity region specifying part (4) con-
figured to specify a position of a cardiac cavity
region represented in the volume data;
an axis setting part (5) configured to set an axis
intersecting the cardiac cavity region;
an image generation plane setting part (12) con-
figured to set an image generation plane includ-
ing the axis in the volume data;
a first image generator (14) configured to gen-
erate, based on the volume data, three-dimen-
sional image data that stereoscopically repre-
sents a boundary of the cardiac cavity region,
which is a boundary of one of regions of the car-
diac cavity region divided by the image genera-
tion plane;
a second image generator (15) configured to
generate two-dimensional image data that two-
dimensionally represents a region in the image
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generation plane based on data excluding data
included in the cardiac cavity region of the vol-
ume data; and
a display controller (17) configured to generate
synthesized image data by synthesizing the
three-dimensional image data and the two-di-
mensional image data, and cause a display (8)
to display a synthesized image based on the
synthesized image data.

12. An X-ray CT apparatus, comprising:

an imaging part configured to, with a heart of a
subject as an imaging target, irradiate the sub-
ject with an X-ray and acquire volume data rep-
resenting the heart of the subject based on the
X-ray transmitted through the subject;
a cardiac cavity region specifying part (4) con-
figured to specify a position of a cardiac cavity
region represented in the volume data;
an axis setting part (5) configured to set an axis
intersecting the cardiac cavity region;
an image generation plane setting part (12) con-
figured to set an image generation plane includ-
ing the axis in the volume data;
a first image generator (14) configured to gen-
erate three-dimensional image data that stere-
oscopically represents a boundary of the cardiac
cavity region, which is a boundary of one of re-
gions of the cardiac cavity region divided by the
image generation plane;
a second image generator (15) configured to
generate two-dimensional image data that two-
dimensionally represents a region in the image
generation plane based on data excluding data
included in the cardiac cavity region of the vol-
ume data; and
a display controller (17) configured to generate
synthesized image data by synthesizing the
three-dimensional image data and the two-di-
mensional image data, and cause a display (8)
to display a synthesized image based on the
synthesized image data.

13. A method of processing a medical image, compris-
ing:

receiving volume data that represents a heart
and specifying a position of a cardiac cavity re-
gion represented in the volume data;
setting an axis that intersects the cardiac cavity
region;
setting an image generation plane that includes
the axis in the volume data;
generating three-dimensional image data that
stereoscopically represents a boundary of the
cardiac cavity region, which is a boundary of one
of regions of the cardiac cavity region divided

by the image generation plane, based on the
volume data;
generating two-dimensional image data that
two-dimensionally represents a region in the im-
age generation plane based on data excluding
data included in the cardiac cavity region of the
volume data; and
generating synthesized image data by synthe-
sizing the three-dimensional image data and the
two-dimensional image data, and displaying a
synthesized image based on the synthesized
image data.
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