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(57) ABSTRACT

A magnetic resonance imaging apparatus acquires first imag-
ing data of a three-dimensional image including a heart, hav-
ing a plurality of two-dimensional first imaging area data
superimposed one on top of another in parallel, and having a
resolution at least in one direction different from a resolution
in two other directions. A first axis is detected expressed in
three dimensions relating to the heart from the three-dimen-
sional first imaging data. A first vector is calculated passing
through the first axis and having at least a predetermined
resolution. First image data is generated on a plane passing

(30) Foreign Application Priority Data through the first axis and the first vector from the firstimaging
Nov.2,2010  (IP) 2010-245917 data and a second axis is detected relating to the heart from the
Oct. 21,2011 (IP) oo 2011231314 Tirstimage data, the second axis being a higher precision axis.
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MAGNETIC RESONANCE IMAGING
APPARATUS AND MAGNETIC RESONANCE
IMAGING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a division of copending U.S. Ser.
No. 13/286,364 filed Nov. 1, 2011, which is based upon and
claims the benefit of priority from prior Japanese Patent
Application No. 2010-245917 filed on Nov. 2,2011, and prior
Japanese Patent Application No. 2011-231314 filed on Oct.
21, 2011, the entirety of all of which are incorporated herein
by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] An exemplary embodiment relates to magnetic

resonance imaging apparatus (hereinafter, referred to as
“MRI apparatus”) configured to perform a positioning opera-
tion of desired imaging areas of a heart automatically.
[0004] 2. Description of Related Art

[0005] A cardiac MRI examination is complex and takes a
relatively long time, and requires expert proficiency for
executing the examination and interpretation of the resulting
radiogram image. Therefore, SCMR (Society for Cardiovas-
cular Magnetic Resonance), which is an international society
for Cardiac MRI, has determined a standardized protocol for
cardiac MRI examination. This standardized protocol
includes not only a sequence used for the cardiac MRI exami-
nation and imaging conditions such as slice thicknesses tai-
lored to diseases or objects of the examination, but also a
detailed operating procedure for positioning of desired imag-
ing areas of aheart, which are different from subject to subject
and required for a preparation of the cardiac MRI examina-
tion.

[0006] The operating procedure for positioning of the
desired imaging areas of a heart included in the standardized
protocol using an MRI apparatus as a background (hereinaf-
ter referred to as a “background apparatus’) will be described
briefly with reference to FIGS. 1-7. The procedure described
from now on focuses only on a position of the imaging area,
and the imaging conditions such as the sequence are omitted.
[0007] FIG. 1 depicts a flowchart for an operating proce-
dure to acquire a cross-section of a four-chamber long-axis
view (or a four-chamber cross-sectional view) position
included in the standardized protocol as an example of an
operating procedure for positioning the desired imaging areas
of the heart.

[0008] Initially, in Step S1-1, the background apparatus
acquires images of scout views. The term scout views in an
imaging range 10 of a subject 1 shown in FIG. 2A includes
images of a body axis cross-sectional plane 10a, a sagittal
section 105, and a coronal section 10¢ in the imaging range 10
as shown in FIG. 2B. Images 11a, 115 and 11¢ of the scout
views are generally referred to as an Axial view (see F1G. 2C),
a Sagittal view (see FIG. 2D) and a Coronal view (see FIG.
2E), respectively.

[0009] Subsequently, in Step S1-2, the background appara-
tus acquires Multi-slice views. The term Multi-slice views
refers to N shots of body axis cross-sections 1041, . .., 10dN
which cover a chest portion as shown in FIGS. 3A and 3B.
[0010] Subsequently, in Step S1-3, the background appara-
tus selects an arbitrary n” image 11 from the N shots of
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Multi-slice views as shown in FIG. 4A, and a long axis vector
20a passing from the image 11dr through a center of a mitral

valve to a cardiac apex. Then, the background apparatus

acquires an image ofa cross-section 10e passing the long axis

vector 20a and extending in parallel to a direction of a body

axis (see FIG. 4B). An image 11e of the cross-section 10e is

referred to as a vertical long-axis view (see FIG. 4C).

[0011] Subsequently. in Step S1-4, the background appara-

tus sets a long axis vector 205 passing from the image 11e

through the center of the mitral valve and the cardiac apex as

shown in FIG. 5A, and acquires an image of a cross-section
10/ passing through the long axis vector 205 and orthogonal

to the cross-section 10e (see FIG. 5B). As shown in FI1G. 5C,

an image 11f of the cross-section 10f is referred to as a
horizontal long-axis view.

[0012] Subsequently. in Step S1-5, the background appara-

tus sets a long axis vector 20¢ passing from the image 11/
through the center of the mitral valve and the cardiac apex as

shown in FIG. 6A, and acquires M shots of images of cross-

sections 10g1, . . . 10gM orthogonal to both of the long axis

vector 20¢ and the cross-section 10/(see FIG. 6B). A range of
the cross-section 10g is from the mitral valve to the cardiac

apex. As shown in FIG. 6B, the images of the cross-sections

10g1 to 10gM are referred to as “left chamber short-axis

views”.

[0013] Finally, in Step S1-6, the background apparatus sets
a short axis vector 21a passing from an arbitrary left chamber
short-axis view 11gm close to a base of a heart through a
center 20d of a left chamber to a corner of a right ventricle as
shown in FIG. 7A, and acquires an image of a cross-section
passing through the short axis vector 21a and orthogonal to

the cross-section 10gm. As shown in FIG. 7B, animage 11% of
this cross-section is referred to as a “four-chamber long-axis
view”.

[0014] However, in the operating procedure for positioning
of the desired imaging areas of a heart, for example, when the
desired cross-section is the “four-chamber long-axis view”, it
is necessary to acquire images five times in total from Step

S1-1 to Step S1-5 and five times of setting of the imaging
positions and ranges in order to perform the positioning
operation. In other words, the subject 1 is required to stop

breathing several times in order to perform the positioning
operation of the imaging areas as the preparation of the car-
diac MRI examination (five times in the case of the “four-
chamber long-axis view”, four times in the case of the “left
chamber short-axis view”), and an operator of the back-
ground apparatus is required to perform a plurality of times of
setting operations for setting positions of the cross-sections.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a flowchart showing an operating proce-
dure in a standardized protocol;

[0016] FIG. 2A is an explanatory drawing of a scout view
showing a subject;

[0017] FIG. 2B is an explanatory drawing of the scout view
showing cross-sections;

[0018] FIG. 2C is an explanatory drawing of the scout view
showing an Axial view;

[0019] FIG. 2D is an explanatory drawing of the scout view
showing a Sagittal view;

[0020] FIG. 2E is an explanatory drawing of the scout view
showing a Coronal view;

[0021] FIG. 3A shows a Multi-slice view;
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[0022] FIG. 3B is an explanatory drawing of body axis
cross-sections;

[0023] FIG. 4A is a drawing of an n image selected from
N shots of Multi-slice views;

[0024] FIG. 4B is an explanatory drawing showing a case
where animage of a cross-section passing through a long-axis
vector and extending in parallel to a direction of a body axis
is acquired,;

[0025] FIG. 4C is an explanatory drawing of a vertical
long-axis view;
[0026] FIG. 5A is a drawing showing a state in which the

long-axis vector is set in the vertical long-axis view;

[0027] FIG.5Bis an explanatory drawing showing a case of
taking an image of a horizontal long-axis view;

[0028] FIG. 5C is an explanatory drawing showing the
horizontal long-axis view;

[0029] FIG. 6A is a drawing showing a state in which the
long-axis vector is set in the horizontal long-axis view;
[0030] FIG. 6B is an explanatory drawing showing a left
chamber short-axis view;

[0031] FIG. 7A is a drawing showing a state in which a
short-axis vector is set in the left chamber short-axis view;
[0032] FIG. 7B is an explanatory drawing showing a four-
chamber long-axis view;

[0033] FIG. 8 is a block diagram showing an MRI appara-
tus according to a first embodiment;

[0034] FIG.9isaflowchart of the MRI apparatus according
to the first embodiment;

[0035] FIG. 10A is an explanatory drawing showing a case
where an image is acquired in a Multi-Slice method,

[0036] FIG. 10B is an explanatory drawing showing a
method of taking a plurality of shots of images with low
resolution in imaging areas and with high resolution in an
imaging direction;

[0037] FIG. 10C is an explanatory drawing showing a
method of taking images with different resolutions in three
directions;

[0038] FIG. 11 is an explanatory drawing showing a
method of generating first image data;

[0039] FIG. 12 is an explanatory drawing of the first image
data;
[0040] FIG. 13 is a block diagram showing an MRI appa-

ratus according to a second embodiment;

[0041] FIG. 14 is a flowchart of the MRI apparatus accord-
ing to the second embodiment;

[0042] FIG. 15 is an explanatory drawing of second image
data;
[0043] FIG. 16 is a block diagram showing an MRI appa-

ratus according to a third embodiment;
[0044] FIG. 17 is a flowchart of the MRI apparatus accord-
ing to the third embodiment;

[0045] FIG. 18 is a block diagrams showing an MRI appa-
ratus according to a fourth embodiment;

[0046] FIG. 19 is a flowchart of the MRI apparatus accord-
ing to the fourth embodiment;

[0047] FIG. 20 is a block diagram of an MRI apparatus
according to a fifth embodiment;

[0048] FIG. 21 is a flowchart of the MRI apparatus accord-
ing to the fifth embodiment;

[0049] FIG. 22A is an explanatory drawing showing a case
of picking up an image in the Multi-slice method,;
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[0050] FIG. 22B is an explanatory drawing showing a
method of picking up a plurality of images with low resolu-
tion in imaging area and with high resolution in the direction
of image pickup;

[0051] FIG. 22C is an explanatory drawing showing a
method of picking up images with different resolutions in
three directions;

[0052] FIG. 23 is an explanatory drawing showing a
method of generating first image data;

[0053] FIG. 24 is an explanatory drawing of the first image
data;
[0054] FIG. 25 is a block diagrams showing an MRI appa-

ratus according to a sixth embodiment; and
[0055] FIG. 26 is a flowchart of the MRI apparatus accord-
ing to the sixth embodiment.

DETAILED DESCRIPTION

[0056] Referring now to drawings, an MRI apparatus 100
according to an embodiment will be described.

[0057] According to embodiments, there is provided a
magnetic resonance imaging apparatus comprising:

[0058] animaging unit configured to acquired firstimaging
data of a three-dimensional image including heart of a sub-
ject, having a plurality of two-dimensional first imaging area
data superimposed one on top of another in parallel, and
having a resolution at least in one direction different from a
resolution in two other directions;

[0059] a first axis detecting unit configured to detect a first
axis expressed in three dimensions relating to the heart from
the three-dimensional first imaging data;

[0060] a first image generating unit configured to calculate
a first vector passing through the first axis and having at least
apredetermined resolution, and generate firstimage dataona
plane passing through the first axis and the first vector from
the first imaging data; and

[0061] a second axis detecting unit configured to detect a
second axis relating to the heart from the first image data, the
second axis being a higher precision axis.

First Embodiment

[0062] A configuration ofthe MRI apparatus 100 according
to a first embodiment will be described with reference to
FIGS. 8-12. The MRI apparatus according to the embodiment
of the invention is used for performing positioning of desired
imaging areas of a heart.

[0063] The configuration of the MRI apparatus 100 accord-
ing to the firstembodiment will be described with reference to
FIG. 8. FIG. 8 is a block diagram showing the configuration of
the MRI apparatus 100.

[0064] The MRI apparatus 100 includes an imaging unit
110, a first axis detecting unit 121, a second axis detecting
unit 122, a first image generating unit 131, a second imaging
area calculating unit 142 and a display unit 150.

[0065] The MRI apparatus 100 may be implemented using
a general-purpose computer as a basic hardware. In other
words, the imaging unit 110, the first axis detecting unit 121,
the second axis detecting unit 122, the first image generating
unit 131, the second imaging area calculating unit 142 and the
display unit 150 may be implemented by causing a processor
mounted on the above-described computer to execute a pro-
gram. At this time, the MRI apparatus 100 may be imple-
mented by installing the above-described program on the
computer in advance, or may be implemented by storing the
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program in a recording medium such as a CD-ROM or by
distributing the program via a network, thereby allowing a
user to install the program on the computer as needed.
[0066] The imaging unit 110 acquires an image of a three-
dimensional first imaging data including a heart 2, which is a
target organ of a subject 1. The first imaging data is a three-
dimensional imaging data including first imaging area data
having a resolution at least in one direction different from a
resolution in two other directions and superimposed one on
top of another in parallel to each other. The acquired first
imaging data is input to the first axis detecting unit 121 and
the first image generating unit 131.

[0067] The first axis detecting unit 121 detects a first axis
expressed in three dimensions from the three-dimensional
first imaging data. The detected first axis is input to the first
image generating unit 131.

[0068] The firstimage generating unit 131 calculates a first
vector which is orthogonal to the first axis and forms an angle
not exceeding a predetermined angle with the first imaging
area data of the first imaging data, then generates first image
data, which is a two-dimensional image data regenerated with
a plane passing through the first axis and the first vector, from
the first imaging data. The generated first image data is input
to the second axis detecting unit 122 and the display unit 150.
[0069] The second axis detecting unit 122 detects a second
axis expressed in two dimensions from the two-dimensional
first image data. The detected second axis is input to the
second imaging area calculating unit 142 and the display unit
150.

[0070] The second imaging area calculating unit 142 cal-
culates a second imaging area which is a plane passing
through the second axis and orthogonal to a plane extending
in parallel to a direction of a body axis of the subject 1 and
passing through the second axis. The calculated second imag-
ing area is input to the imaging unit 110. The imaging unit 110
acquires an image of a two-dimensional second imaging data
(horizontal long-axis view) on the basis of a position of the
second imaging area.

[0071] The three-dimensional first imaging data and the
two-dimensional second imaging data acquired by the imag-
ing unit 110 are input to the display unit 150, and the display
unit 150 displays these imaging data. The display unit 150 is
a display such as a liquid crystal display device or a CRT.
[0072] In this configuration, the MRI apparatus 100 is
capable of positioning and imaging of the *“horizontal long-
axis view” with a high degree of precision only by taking an
image of the three-dimensional first imaging data.

[0073] Subsequently, an action of the MRI apparatus 100
will be described with reference to FIG. 9, which is a flow-
chart showing the action of the MRI apparatus 100 according
to the first embodiment.

[0074] In Step s2-1, the imaging unit 110 acquires a three-
dimensional first imaging data including the heart 2 of the
subject 1 and made up of a plurality of two-dimensional first
imaging area data having a resolution at least in one direction
different from a resolution in two other directions superim-
posed one on top of another in parallel to each other, and
outputs the acquired data to the first axis detecting unit 121
and the display unit 150.

[0075] In the first embodiment, the above-described three-
dimensional first imaging data is a three-dimensional first
imaging data i1 including a plurality of Axial cross-sectional
views i1 (first imaging data) including the heart 2 acquired by
a Multi-slice method as shown in FIG. 10A. At this time, it is
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preferable to acquire the first imaging data il synchronously
with cardiac time phase by synchronizing with electrocardio-
gram for respective cross-sectional views. Also, the number
and imaging intervals of the first imaging area data of the first
imaging data are determined depending on the size of the
heart of the subject 1, a cardiac rate, and possible non-breath-
ing time, and attention should be given to the fact that the
resolution in an imaging direction (the direction of the body
axis in the first embodiment) is extremely low.

[0076] However, the method ofimaging of the firstimaging
data is not limited to this method. For example, the first
imaging data may be generated by taking a plurality of images
of, for example, Sagittal cross-section or Coronal cross-sec-
tion by the Multi-slice method. Alternatively, for example, as
shown in FIG. 10B, first imaging data 12 generated by imag-
ing a plurality of shots of images with low resolution in the
imaging areas and high resolution in the imaging direction, or
first imaging data i3 generated by imaging with resolutions
different in all of three directions as shown in FIG. 10C may
also be applicable. In this manner, the imaging method has
only to be an imaging method with a resolution in at least one
direction different from the resolutions in two other directions
within a range including a heart.

[0077] In Step s2-2, the first axis detecting unit 121 detects
a first axis relating to a heart expressed in three dimensions
from the three-dimensional first imaging data, and outputs the
detected first axis to the first image generating unit 131. In this
embodiment, the first axis and a second axis described later in
detail are referred to as “long axes”. The term “long axis” is
vector information from a position of a “center of a left
chamber” located at a midpoint between a center of a “mitral
valve” of a heart and a position of a “cardiac apex” to the
“cardiac apex”. The difference between the first axis and the
second axis is that the first axis is a roughly obtained provi-
sional long axis and the second axis is a long axis obtained
with a high degree of precision.

[0078] For example, the first axis detecting unit 121
achieves detection by detecting the center of the “mitral
valve” and the position of the “cardiac apex” using template
matching or edge detection, and calculating an axis connect-
ing these positions. The detection is also achieved by defining
a parameter that determines the first axis with six parameters
in total including the position of the “center of the left cham-
ber” (three parameters) and a directional vector to the “car-
diac apex” (three parameters), and using a technology of
pattern recognition using these six parameters as a search
space.

[0079] In Step s2-3, the first image generating unit 131
calculates a first vector which is orthogonal to the first axis
and forms an angle not exceeding a predetermined angle with
the imaging area (first imaging area data) of the first imaging
areail, generates firstimage data, whichis a two-dimensional
image data on a plane passing through the first axis and the
first vector, from the first imaging data, and output the gen-
erated first image data to the second axis detecting unit 122
and the display unit 150.

[0080] A method of generating the first image data in the
first embodiment will be described with reference to FIG. 11.
A parallelogram shown in FIG. 11 shows a plurality of axial
cross-sectional images as the first imaging datail (first imag-
ing area data), in which a space coordinate is defined with the
imaging direction (direction of the body axis) as a Z-axis, and
two vectors orthogonal to each other in a direction of across-
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section (a direction crossing the body axis) as an x-axis and a
y-axis. Here, a directional vector v1 of the first axis shown in
FIG. 11 is defined as

Vlz("leVl,y:VlJ)T-
[0081] However, a position of a plane in a three-dimen-
sional space cannot be determined uniquely only by defining
one axis in the three-dimensional space, and the directional
vector v1 of the first axis and another different first vector ul
have to be defined.
[0082] In the case of the first embodiment, the first vector
ul when the resolution of the first image data reaches its peak
may be obtained from the expression

”1:(V1,yx“’1Ja0)T-

[0083] The first vector ul extends along a direction closest
to the respective planes (the first imaging area data) of the first
imaging data i1 among the vectors orthogonal to the first axis
(direction vector v1), that is, forms a minimum angle with the
planes. Since the resolution is increased with a decrease in
angle therebetween, this angle is not limited to the minimum
angle, and may be smaller than a predetermined angle
because at least a predetermined resolution is ensured as long
as the angle does not exceed the predetermined angle.
[0084] However, the method of determining the first vector
ul is not limited to the method described above. For example,
as expressed by

wye{ulur (dx,dy,dz)Vul <thulv }

where dx, dy and dz are, for example, resolutions of x-, y- and
z-axes, respectively, a plurality of first image data may be
generated under the conditions that the first vectorul is a unit
vector, extends orthogonally with respect to the directional
vector v1 of the first axis, and has a resolution not exceeding
a predetermined threshold value th.

[0085] Also, for example, in the case of the first imaging
data i2 obtained by taking a plurality of images with low
resolutions of the first imaging areas shown in FIG. 10B and
a high resolution in the imaging direction, the first vector ul
in which the highest resolution of the first image data is
obtained is calculated from the expression

u=0,0,1)7.

[0086] However, when the directional vector v1 is in par-
allel to the first vector ul, the first vector ul is an arbitrary
vector other than that parallel to the directional vector v1.
[0087] In Step s2-4, the second axis detecting unit 122
detects the two-dimensional second axis from the two-dimen-
sional first image data and outputs the detected second axis to
the second imaging area calculating unit 142 and the display
unit 150.

[0088] For example, the second axis detecting unit 122
achieves detection by detecting the center of the “mitral
valve” and the position of the “cardiac apex” using technolo-
gies such as template matching, edge detection, or pattern
recognition, and calculating an axis connecting these posi-
tions. Since the first axis detecting unit 121 is intended for the
first imaging data i1 having a low resolution in the imaging
direction, detection of the “long axis” with a high degree of
precision cannot be expected. However, by detecting the first
axis expressed in three dimensions by the first axis detecting
unit 121 as in the first embodiment for a rough estimation of
the position, and then detecting the second axis from the first
image data passing through the first axis and having a high
resolution, detection of the “long axis” with a high degree of
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precision is achieved. In other words, the second axis detected
in this process is a “long axis” with high precision.

[0089] In Step s2-5, the second imaging area calculating
unit 142 calculates a second imaging area which passes
through the second axis (long axis) and is orthogonal to a
plane extending in parallel to the direction of the body axis
and passing through the second axis (long axis).

[0090] In the first embodiment, a second axis v2 is defined
as

- Y3
Vz*("zga"z,y, Vo )

[0091] Atthistime, the second imaging area (that is, a plane
passing through the second axis v2, and being orthogonal to a
plane parallel to the direction of the body axis and passing
through the second axis v2) is a plane parallel to a second
vector u2 calculated by the expression

=(Va_ Vs Vo ) (0,0,1 )T:(Vz,ya ‘VzJao)Ta

and passing through the second axis. In the expression given
above, the sign “x” is a sign of a vector product.

[0092] InStep s2-6,theimaging unit 110 acquires animage
of the two-dimensional second imaging data at the position of
the second imaging area, and outputs the obtained second
imaging data to the display unit 150. The two-dimensional
second imaging data shown in FIG. 12 is referred to as a
“horizontal long-axis view”. The imaging unit 110 may
acquire a plurality of shots of image data parallel to the
second imaging data together with the second imaging data.
[0093] Thedisplay unit 150 displays the three-dimensional
first imaging data and the two-dimensional second imaging
data acquired in the procedure above. It is also possible to
display the second axis v2, a center position my of the “mitral
valve”, and a position of the “cardiac apex” ca detected from
the first image data in a superimposed manner as shown in
FIG. 11, which is desirable because an operator is allowed to
confirm the positioning accuracy of the imaging areas set
automatically.

[0094] According to the first embodiment, by detecting the
first axis (provisional long axis) expressed in three dimen-
sions from the three-dimensional first imaging data, then
detecting the second axis (long axis with a high degree of
precision) from the first image data regenerated with a plane
passing through the first axis (provisional long axis) and
having a peak resolution, detection of the direction of the long
axis of a heart is achieved with a high degree of accuracy.
Accordingly, positioning and imaging of the “horizontal
long-axis view” are enabled only by taking the three-dimen-
sional first imaging data and hence positioning of the desired
imaging areas is achieved more efficiently.

Second Embodiment

[0095] The MRI apparatus 100 according to a second
embodiment will be described with reference to FIGS. 13-15.
[0096] The MRI apparatus 100 in the second embodiment
enables positioning and imaging of a “four-chamber long-
axis view” of a heart with a high degree of precision only by
taking images of the three-dimensional first imaging data.
However, the second embodiment is not limited to the “four-
chamber long-axis view”, and positioning and imaging of a
“two-chamber long-axis view” and a “three-chamber long-
axis view” are also possible with the same configuration.

[0097] A configuration of the MRI apparatus 100 in the
second embodiment will be described with reference to a
block diagram shown in FIG. 13. As shown in FIG. 13, the
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MRI apparatus 100 in the second embodiment has the con-
figuration of the MRI apparatus 100 in the first embodiment,
but with no second imaging area calculating unit 142 and
added with a second image generating unit 132, a third axis
detecting unit 123 and a third imaging area calculating unit
143. The configurations other than the second image gener-
ating unit 132, the third axis detecting unit 123 and the third
imaging area calculating unit 143 added in this embodiment
will not be described for avoiding description overlapped
with the first embodiment.

[0098] The second image generating unit 132 generates a
two-dimensional second image data regenerated from the
image data of the first imaging data on a plane orthogonal to
the second axis. The generated second image data is input to
the third axis detecting unit 123 and the display unit 150.
[0099] The third axis detecting unit 123 detects a two-
dimensional third axis from the two-dimensional second
image data. The detected third axis is output to the third
imaging area calculating unit 143 and the display unit 150.
[0100] The third imaging area calculating unit 143 calcu-
lates a third imaging area which is a plane passing through the
third axis and the second axis. The calculated third imaging
area is input to the imaging unit 110. The imaging unit 110
acquires an image of third imaging data at a position of the
third imaging area.

[0101] Subsequently, an action of the MRI apparatus 100
according to the second embodiment will be described using
a flowchart in FIG. 14. Steps s2-1 to s2-4 in FIG. 14 will not
be described for avoiding description overlapped with the
first embodiment.

[0102] In Step s2-7, the second image generating unit 132
generates second image data regenerated from the image data
of the first imaging data in a plane orthogonal to the second
axis, and the regenerated second image data is output to the
third axis detecting unit 123 and the display unit 150.
[0103] InSteps2-8, thethird axis detecting unit 123 detects
a third axis from the second image data, and outputs the
detected third axis to the third imaging area calculating unit
143 and the display unit 150.

[0104] In the second embodiment, when the imaging area
for determining the imaging position is the “four-chamber
long-axis view”, the third axis corresponds to a “short axis”,
and, more preferably, the second image data is generated on a
plane passing through a position closer to the “mitral valve”
and orthogonal to the second axis. However, the method of
generating the second image data is not limited thereto, and
the second image data may be generated on a plane passing
through the center of the left chamber which is the midpoint
between the center of the “mitral valve” and the “cardiac
apex”, or a plurality of shots of the second image data may be
generated around a plurality of positions on a segment con-
necting a position closer to the “mitral valve” to the center
position of the left chamber.

[0105]  Also, the third axis detecting unit 123 calculates the
third axis expressed in two dimensions as described below.
First of all, a “corner of a right ventricle” on the two-dimen-
sional second image data is detected using a technology of
template matching, edge detection, and pattern recognition,
and then an axis passing through this position and extending
orthogonally to the second axis (long axis) is calculated as the
third axis.

[0106] However, the method of generating the second
image data and the method of detecting the third axis are not
limited thereto and, for example, may be realized by gener-

Jun. 4, 2015

ating the second image data on a plane passing a point near a
left atrium on the long axis and detecting a left chamber
flow-out channel in a case that the imaging area that position-
ing is wanted is the “three-chamber long-axis view”.

[0107] In this manner, any method is applicable as long as
it is a method of generating the second image data so as to
include anatomic image characteristics for detecting the third
axis corresponding to the imaging area that positioning is
wanted and detecting the third axis from the second image
data based on the anatomic characteristics.

[0108] In Step s2-9, the third imaging area calculating unit
143 calculates the third imaging area that is a plane passing
through the second axis and the third axis, and outputs the
calculated third imaging area to the imaging unit 110.
[0109] In Step s2-10, the imaging unit 110 acquires an
image of the third imaging data at a position of the third
imaging area, and outputs the obtained third imaging data to
the display unit 150. The two-dimensional third imaging data
shown in FIG. 15 is referred to as the “four-chamber long-axis
view”. The display unit 150 displays the three-dimensional
firstimaging data and the two-dimensional third imaging data
acquired in the procedure above.

[0110] Also, as shown in FIG. 15, displaying a point v3
where the second image data and the second axis intersect, a
position rv of the detected “corner of the right ventricle” and
a third axis v4 in a superimposed manner is preferable
because the operator is allowed to confirm the positioning
accuracy of the imaging areas set automatically.

[0111] According to the second embodiment, the second
image data regenerated by a plane orthogonal to the second
axis is generated, and the third axis is detected from the
second image data. Accordingly, the positioning and imaging
of the “four-chamber long-axis view” are enabled only by
taking an image of the first imaging data and hence position-
ing of the desired imaging areas of a heart is achieved more
efficiently.

Third Embodiment

[0112] The MRI apparatus 100 according to a third
embodiment will be described with reference to FIGS. 16 and
17.

[0113] The MRI apparatus 100 according to the third
embodiment enables positioning and imaging of a “left-
chamber short-axis view” with a high degree of precision
only by taking images of the first imaging data.

[0114] A configuration of the MRI apparatus 100 in the
third embodiment will be described with reference to a block
diagram shown in FIG. 16.

[0115] TheMRIapparatus 100 in the third embodiment has
the configuration of the MRI apparatus 100 in the first
embodiment, but with no second imaging area calculating
unit 142 and added with a fourth imaging area calculating unit
144. In FIG. 16, configurations other than the added fourth
imaging area calculating unit 144 will not be described for
avoiding description overlapped with the first embodiment.
[0116] The fourth imaging area calculating unit 144 calcu-
lates a fourth imaging area that is a plane orthogonal to the
second axis. The calculated fourth imaging area is input to the
imaging unit 110.

[0117] Subsequently. an action of the MRI apparatus 100
according to the third embodiment will be described using a
flowchart in FIG. 17. Steps s2-1 to s2-4 in FIG. 17 will not be
described because the description overlaps with the first
embodiment.
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[0118] In Step s2-11, the fourth imaging area calculating
unit 144 calculates the fourth imaging area that is a plane
orthogonal to the second axis, and outputs the calculated
fourth imaging area to the imaging unit 110. For example, the
fourth imaging area may be a plane passing through the
“center of the left chamber”, and may be a plane passing
through the center position of the “mitral valve”. Also, a
plurality of fourth imaging areas may be calculated focusing
mainly on a portion around a plurality of positions on a
segment connecting from the center position of the “mitral
valve” to the “cardiac apex”.

[0119] In Step s2-12, the imaging unit 110 acquires an
image of fourth imaging data at a position of the fourth
imaging area, and outputs the obtained fourth imaging data to
the display unit 150. The fourth imaging data is referred to as
the “left-chamber short-axis view”. The display unit 150 dis-
plays the three-dimensional first imaging data and the two-
dimensional fourth imaging data acquired in the procedure
described above.

[0120] According to the third embodiment, the positioning
and imaging of the “left-chamber short-axis view” are
enabled only by taking an image of the three-dimensional first
imaging data and hence positioning of the desired imaging
areas of a heart is achieved more efficiently.

Fourth Embodiment

[0121] The MRI apparatus 100 according to a fourth
embodiment will be described with reference to FIGS. 18 and
19.

[0122] The MRI apparatus 100 in the fourth embodiment
enables positioning and imaging of the “four-chamber long-
axis view” from the three-dimensional first imaging data and
the two-dimensional fourth imaging data with a high degree
of precision. However, the fourth embodiment is not limited
to the “four-chamber long axis view”, and positioning and
imaging of the “two-chamber long axis view” and the “three-
chamber long axis view” are also possible with the same
configuration.

[0123] A configuration of the MRI apparatus 100 in the
fourth embodiment will be described with reference to a
block diagram shown in FIG. 18.

[0124] The MRI apparatus 100 in the fourth embodiment
has the configuration of the MRI apparatus 100 in the third
embodiment added with a fourth axis detecting unit 124 and
a fifth imaging area calculating unit 145. In FIG. 18, configu-
rations other than the added fourth axis detecting unit 124 and
the fifth imaging area calculating unit 145 will not be
described for avoiding description overlapped with the third
embodiment.

[0125] The fourth axis detecting unit 124 detects a fourth
axis (second short axis) expressed in two dimensions from the
two-dimensional fourth imaging data obtained by the imag-
ing unit 110. The detected fourth axis is output to the fifth
imaging area calculating unit 145 and the display unit 150.
[0126] The fifth imaging area calculating unit 145 calcu-
lates a fifth imaging area which is a plane passing through the
fourth axis and the second axis. The calculated fifth imaging
area 1is input to the imaging unit 110.

[0127] Subsequently, an action of the MRI apparatus 100
according to the fourth embodiment will be described using a
flowchart in FIG. 19. Steps s2-1 to s2-4, s2-11, s2-12 in FIG.
19 will not be described for avoiding description overlapped
with the third embodiment.
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[0128] 1In Step s2-13, the fourth axis detecting unit 124
detects the fourth axis from the fourth image data, and outputs
the detected fourth axis to the fifth imaging area calculating
unit 145 and the display unit 150. In the case of the fourth
embodiment, the fourth axis is a “short axis” and the fourth
axis detecting unit 124 detects the corner of the “right ven-
tricle” from the fourth imaging data using the technologies
such as template matching, edge detection, and pattern rec-
ognition, and then an axis passing through this position and
extending orthogonally to the second axis (long axis) is cal-
culated as the fourth axis.

[0129] In this manner, any method is applicable as long as
it is a method capable of detecting the fourth axis from the
fourth imaging data acquired so as to include anatomic char-
acteristics for detecting the fourth axis corresponding to the
imaging area for determining the imaging position based on
the anatomic characteristics.

[0130] InStep s2-14, the fifth imaging area calculating unit
145 calculates the fifth imaging area on a plane passing
through the fourth axis and the second axis. The calculated
fifth imaging area is input to the imaging unit 110.

[0131] In Step s2-15, the imaging unit 110 acquires an
image of a two-dimensional fifth imaging data at a position of
the fifth imaging area, and outputs the obtained fifth imaging
data to the display unit 150. The fifth imaging data is referred
to as the “four-chamber long-axis view”. The display unit 150
displays the three-dimensional first imaging data and the
two-dimensional fifth imaging data acquired in the procedure
described above.

[0132] In the same manner as FIG. 14 in conjunction with
the second embodiment, displaying a point where the fourth
imaging data and the second axis intersect, the position of the
detected “corner of the right ventricle”, and the fourth axis in
a superimposed manner is preferable because the operator is
allowed to confirm the positioning accuracy of the imaging
areas set automatically.

[0133] According to the fourth embodiment, the position-
ing and imaging of the “four-chamber long-axis view” are
enabled only by taking images of the first imaging data and
the fourth imaging data and hence positioning of the desired
imaging areas of a heart is achieved more efficiently.

Fifth Embodiment

[0134] A configuration ofthe MRI apparatus 100 according
to a fifth embodiment will be described with reference to
FIGS. 20-24. The MRI apparatus according to the embodi-
ment of the invention is used for performing positioning of
desired imaging areas of a heart.

[0135] The configuration of the MRI apparatus 100 accord-
ing to the fifth embodiment will be described with reference
to FIG. 20. FIG. 20 is a block diagram showing a configura-
tion of the MRI apparatus 100.

[0136] The MRI apparatus 100 includes an imaging unit
110, a first axis detecting unit 121, a second axis detecting
unit 122, a first image generating unit 131, a second imaging
area calculating unit 142 and a display unit 150.

[0137] The MRI apparatus 100 may be implemented using
a general-purpose computer as a basic hardware. In other
words, the imaging unit 110, the first axis detecting unit 121,
the second axis detecting unit 122, the first image generating
unit 131, the second imaging area calculating unit 142 and the
display unit 150 may be implemented by causing a processor
mounted on the above-described computer to execute a pro-
gram. At this time, the MRI apparatus 100 may be imple-
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mented by installing the above-described program on the
computer in advance, or may be implemented by storing the
program in a recording medium such as a CD-ROM or by
distributing the program via a network, thereby allowing the
user to install the program on the computer as needed.
[0138] The imaging unit 110 acquires an image of a three-
dimensional first imaging data including a heart 2, which is a
target organ of the subject 1. The first imaging data is a
three-dimensional imaging data including first imaging area
data having a resolution at least in one direction different
from a resolution in two other directions and superimposed
one on top of another in parallel to each other. The acquired
first imaging data is input to the first axis detecting unit 121
and the first image generating unit 131.

[0139] The first axis detecting unit 121 detects a first axis
expressed in three dimensions from the three-dimensional
first imaging data. The detected first axis is input to the first
image generating unit 131.

[0140] The firstimage generating unit 131 calculates a first
vector which is passing thorough the first axis and forms an
angle not exceeding a predetermined angle with the first
imaging area data of the firstimaging data, then generates first
image data, which is a two-dimensional image data regener-
ated with a plane passing through the first axis and the first
vector, from the first imaging data. The generated first image
data is input to the second axis detecting unit 122 and the
display unit 150.

[0141] The second axis detecting unit 122 detects a second
axis expressed in two dimensions from the two-dimensional
first image data. The detected second axis is input to the
second imaging area calculating unit 142 and the display unit
150.

[0142] The second imaging area calculating unit 142 cal-
culates a second imaging area which is a plane passing
through the second axis and orthogonal to a plane extending
in parallel to the direction of the body axis of the subject 1 and
passing through the second axis. The calculated second imag-
ing area is input to the imaging unit 110. The imaging unit 110
acquires an image of a two-dimensional imaging data (hori-
zontal long-axis view) based on the position of the second
imaging area.

[0143] The three-dimensional first imaging data and the
two-dimensional second imaging data acquired by the imag-
ing unit 110 are input to the display unit 150, and the display
unit 150 displays these imaging data. The display unit 150 is
a display such as a liquid crystal display device or a CRT.
[0144] In this configuration, the MRI apparatus 100 is
capable of positioning and imaging of the “horizontal long-
axis view” with a high degree of precision only by taking an
image of the three-dimensional first imaging data.

[0145] Subsequently, an action of the MRI apparatus 100
will be described with reference to FIG. 21. FIG. 21 is a
flowchart showing an action of the MRI apparatus 100
according to the fifth embodiment.

[0146] In Step s2-1, the imaging unit 110 acquires a three-
dimensional imaging data including the heart 2 of the subject
1 and made up of a plurality of two-dimensional first imaging
area data having a resolution at least in one direction different
from a resolution in two other directions superimposed one on
top of another in parallel to each other, and outputs the
acquired data to the first axis detecting unit 121 and the
display unit 150.

[0147] Inthe fifth embodiment, the above-described three-
dimensional first imaging data is three-dimensional first
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imaging data i1 including a plurality of Axial cross-sectional
views i1 (first imaging data) including the heart 2 acquired by
the Multi-slice method as shown in FIG. 22A. At this time, it
is preferable to acquire the first imaging data il synchro-
nously with cardiac time phase by synchronizing with elec-
trocardiogram for the respective cross-sectional views. Also,
the number and imaging intervals of the first imaging area
data the first imaging data are determined depending on the
size of the heart of the subject 1, a cardiac rate, and possible
non-breathing time, and attention should be given to the fact
that the resolution in the imaging direction (the direction of
the body axis in the fifth embodiment) is extremely low.
[0148] However, the method ofimaging of the firstimaging
data is not limited to this method. For example, the first
imaging data may be generated by taking a plurality of images
of, for example, Sagittal cross-section or Coronal cross-sec-
tion by the Multi-slice method. Alternatively, for example, as
shown in FIG. 22B, first imaging data 12 generated by imag-
ing a plurality of shots of images with low resolution in the
imaging areas and high resolution in the imaging direction, or
first imaging data i3 generated by imaging with resolutions
different in all of the three directions as shown in FIG. 22C
may also be applicable. In this manner, the imaging method
has only to be an imaging method with a resolution in at least
one direction different from the resolutions in two other direc-
tions within a range including heart.

[0149] In Step s2-2, the first axis detecting unit 121 detects
the first axis relating to heart expressed in three dimensions
from the three-dimensional first imaging data, and outputs the
detected first axis to the first image generating unit 131. In this
embodiment, the first axis and the second axis described later
in detail are referred to as “long axes”. The term “long axis”
is vector information from a position of “center of a left
chamber” located at a midpoint between a center of the
“mitral valve” and a position of a cardiac apex to the “cardiac
apex” of a heart. The difference between the first axis and the
second axis is that the first axis is a roughly obtained provi-
sional long axis and the second axis is a long axis obtained
with a high degree of precision.

[0150] For example, the first axis detecting unit 121
achieves detection by detecting the center of the “mitral
valve” and the position of the “cardiac apex” using template
matching or edge detection, and calculating an axis connect-
ing these positions. The detection is also achieved by defining
a parameter which determines the first axis with six param-
eters in total including the position of the “center of the left
chamber” (three parameters) and the direction vector (three
parameters), and using a technology of pattern recognition
using these six parameters as a search space.

[0151] In Step s2-3, the first image generating unit 131
calculates a first vector which is passing thorough the first
axis and forms an angle not exceeding a predetermined angle
with the imaging area (first imaging area data) of the first
imaging area il, generates first image data, which is a two-
dimensional image data on a plane passing through the first
axis and the first vector, from the first imaging data, and
output the generated first image data to the second axis detect-
ing unit 122 and the display unit 150.

[0152] A method of generating the first image data in the
fifth embodiment will be described with reference to FIG. 23.
A parallelogram shown in FIG. 23 illustrates a plurality of
axial cross-sectional images as the first imaging data i1 (first
imaging area data), in which a space coordinate is defined
with the imaging direction (direction of the body axis) as a
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Z-axis, and two vectors orthogonal to each other in the direc-
tion of the cross-section (the direction crossing the body axis)
as x-axis and y-axis. Here, a direction vector v1 of the first
axis shown in FIG. 23 is defined as

V1:(V1J:V1,y:V1J)T-

[0153] However, the position of the plane in the three-
dimensional space cannot be determined uniquely only by
defining one axis in the three-dimensional space, and the
directional vector v1 of the first axis and another different first
vector ul have to be defined.

[0154] In the case of the fifth embodiment, the first vector
ul when the resolution of the first image reaches its peak may
be obtained from the expression

”F("l,yx‘"lJaO)T-

[0155] The first vector ul extends along the direction clos-
est to, that is, forms a minimum angle with respect to the
respective planes (the first imaging area data) of the first
imaging data i1 among the vectors passing through the first
axis (direction vector v1). Since the resolution is increased
with a decrease in angle therebetween, this angle is not lim-
ited to the minimum angle, and may be smaller than a prede-
termined angle because at least a predetermined resolution is
ensured as long as the angle does not exceed the predeter-
mined angle.

[0156] However, the method of determining the first vector
ul is not limited to the method described above. For example,
as expressed by

wye{ulur (dx,dy,dz) " lul <thulv)}

where dx, dy and dz are, for example, resolutions of x-, y- and
z-axes, respectively, a plurality of first image data may be
generated under the conditions that the first vectorul is a unit
vector, passes through the directional vector v1 of the first
axis, and has a resolution not exceeding a predetermined
threshold value th.

[0157] Also, for example, in the case of the first imaging
data i2 obtained by taking a plurality of images with low
resolutions of the first imaging areas shown in FIG. 22B and
a high resolution in the imaging direction, the first vector ul
in which the highest resolution of the first image data is
obtained is calculated from the expression

u=(0,0,1)7.

[0158] However, when the directional vector v1 is in par-
allel to the first vector ul, the first vector ul is an arbitrary
vector other than that parallel to the directional vector v1.
[0159] In Step s2-4, the second axis detecting unit 122
detects the two-dimensional second axis from the two-dimen-
sional first image data and outputs the detected second axis to
the second imaging area calculating unit 142 and the display
unit 150.

[0160] For example, the second axis detecting unit 122
achieves detection by detecting the center of the “mitral
valve” and the position of the “cardiac apex” using technolo-
gies such as template matching, edge detection, or pattern
recognition, and calculating an axis connecting these posi-
tions. Since the first axis detecting unit 121 is intended for the
first imaging data i1 having a low resolution in the aiming
direction, detection of the “long axis” with a high degree of
precision cannot be expected. However, by detecting the first
axis expressed in three dimensions by the first axis detecting
unit 121 as in the fifth embodiment for a rough estimation of
the position, and then detecting the second axis from the first
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image data passing through the first axis and having a high
resolution, detection of the “long axis™ with a high degree of
precision is achieved. In other words, the second axis detected
in this process is a “long axis” with high precision.

[0161] In Step s2-5, the second imaging area calculating
unit 142 calculates a second imaging area which passes
through the second axis (long axis) and is orthogonal to a
plane extending in parallel to the direction of the body axis
and passing through the second axis (long axis).

[0162] In the fifth embodiment, the second axis v2 is
defined as

V=(vy Vo_y Yo ) L

[0163] Atthistime, the second imaging area (that is, aplane
passing through the second axis v2, and being orthogonal to a
plane parallel to the direction of the body axis and passing
through the second axis v2) is a plane parallel to a second
vector u2 calculated by the expression

1=(Vo Vs Vs o) 7%(0,0,1 )T:("z,yr -V, 0,

and passing through the second axis. In the expression given

w0

above, the sign “x” is a sign of a vector product.

[0164] InSteps2-6,theimaging unit 110acquires an image
of the two-dimensional second imaging data at the position of
the second imaging area, and outputs the obtained second
imaging data to the display unit 150. The two-dimensional
second imaging data shown in FIG. 12 is referred to as a
“horizontal long-axis view”. The imaging unit 110 may
acquires plurality of shots of image data parallel to the second
imaging data together with the second imaging data.

[0165] Thedisplay unit 150 displays the three-dimensional
first imaging data and the two-dimensional second imaging
data acquired in the procedure above. It is also possible to
display the second axis v2, the center position my of the
“mitral valve”, and the position of the “cardiac apex” ca
detected from the first image data may be displayed in a
superimposed manner as shown in FIG. 23, which is desirable
because the operator is allowed to confirm the positioning
accuracy of the imaging areas set automatically.

[0166] According to the fifth embodiment, by detecting the
first axis (provisional long axis) expressed in three dimen-
sions from the three-dimensional first imaging data, then
detecting the second axis (long axis with a high degree of
precision) from the first image data regenerated with a plane
passing through the first axis (provisional long axis) and
having a peak resolution, detection of the direction of the long
axis of a heart is achieved with a high degree of accuracy.
Accordingly, positioning and imaging of the “horizontal
long-axis view” is enabled only by taking three-dimensional
first imaging data and hence positioning of the desired imag-
ing areas is achieved more efficiently.

Sixth Embodiment
[0167] The MRI apparatus 100 according to a sixth
embodiment will be described with reference to FIGS. 25 and
26.
[0168] The MRI apparatus 100 in the sixth embodiment

enables positioning and imaging of the “four-chamber long-
axis view” with a high degree of precision from the three-
dimensional first imaging data and the two-dimensional
fourth imaging data. However, the sixth embodiment is not
limited to the “four-chamber long axis view”, and positioning
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and imaging of the “two-chamber long axis view” and the
“three-chamber long axis view” are also possible with the
same configuration.

[0169] A configuration of the MRI apparatus 100 in the
sixth embodiment will be described with reference to a block
diagram shown in FIG. 25.

[0170] The MRI apparatus 100 in the sixth embodiment
includes the imaging unit 110, the first axis detecting unit 121,
the first image forming unit 131, a fourth imaging area cal-
culating unit 144, the fifth imaging area calculating unit 145
and a display unit 150. In other words, the MRI apparatus 100
has a configuration of the MRI apparatus 100 in the third
embodiment added with the fifth imaging area calculating
unit 145. In FIG. 25, configurations other than the added fifth
imaging area calculating unit 145 will not be described for
avoiding description overlapped with the third embodiment.
[0171] The fifth imaging area calculating unit 145 calcu-
lates a fifth imaging area which is a plane passing through the
fourth axis and the second axis. The fourth axis detecting unit
124 detects a fourth axis (second short axis) expressed in two
dimensions from the two-dimensional fourth imaging data
obtained by the imaging unit 110, and the detected fourth axis
is used for calculating a fifth imaging area. The calculated
fifth imaging area is input to the imaging unit 110.

[0172] Subsequently, the action of the MRI apparatus 100
according to the sixth embodiment will be described using a
flowchart in FIG. 26. Steps s2-1 to s2-4, s2-11, s2-12 in FIG.
26 are will not be described for avoiding description over-
lapped with the third embodiment. In Step s2-2, the second
axis detecting unit detects the second axis after the first image
generating unit 131 has generated the first image data.

[0173] In Step s2-12, the fourth axis is detected from the
fourth imaging data after the fourth imaging area calculating
unit 144 has calculated the fourth imaging area. In the case of
the sixth embodiment, the fourth axis is a “short axis” and the
fourth axis detecting unit detects the corner of the “right
ventricle” from the fourth imaging data using a technology of
template matching, edge detection, and pattern recognition,
and then an axis passing through this position and extending
orthogonally to the second axis (long axis) is detected as the
fourth axis.

[0174] In this manner, any method is applicable as long as
it is a method capable of detecting the fourth axis from fourth
imaging data acquired so as to include anatomic characteris-
tics for detecting the fourth axis corresponding to the imaging
area for determining the imaging position on the basis of the
anatomic characteristics.

[0175] InStep s2-14, the fifthimaging area calculating unit
145 calculates the fifth imaging area by a plane passing
through the fourth axis and the second axis. The calculated
fifth imaging area is input to the imaging unit 110.

[0176] In Step s2-15, the imaging unit 110 acquires an
image of the two-dimensional fifth imaging data at the posi-
tion of the fifth imaging area, and outputs the obtained fifth
imaging data to the display unit 150. The fifthimaging data is
referred to as a “four-chamber long-axis view”. The display
unit 150 displays the three-dimensional first imaging data and
the two-dimensional fifth imaging data acquired in the pro-
cedure above.

[0177] Inthe same manner as FIG. 14 in the third embodi-
ment, displaying a point where the fourth image data and the
second axis intersect, the position of the detected “corner of
the right ventricle”, and the fourth axis in an overlapped
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manner is preferable because the operator is allowed to con-
firm the positioning accuracy of the imaging areas set auto-
matically.

[0178] According to the sixth embodiment, the positioning
and imaging of the “four-chamber long-axis view” is enabled
and hence positioning of the desired imaging areas is
achieved more efficiently only by taking images of the first
imaging data and the fourth imaging data.

(Modification)

[0179] Inthe respective embodiments described above, the
firstimaging data is the plurality of axial cross-section includ-
ing heart acquired by the Multi-slice method. However, an
imaging method employing regeneration in three dimensions
such as Whole Heart MRCA which is modified to allow
imaging within a duration of just one stop of breathing by
lowering the resolution in one direction such as the direction
of the body axis is also applicable.

[0180] In the above-described embodiments, the axis to be
detected by the third axis detecting unit 123 and the fourth
axis detecting unit 124 is one axis, respectively. However, the
invention is not limited thereto, and may be configured to
detect two or more of the third axes or the four axes and set a
plurality of desired cross-sectional positions simultaneously.
[0181] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:
1. A magnetic resonance imaging (MRI) apparatus com-
prising:

an MRI gantry having MR image data acquisition and
processing circuits including at least one computer and
associated memory configured with executable com-
puter programs which, when executed by said computer,
operate to:

detect a characteristic portion of a target organ of a subject,
based on three-dimensional first imaging data including
the characteristic portion,;

generate an imaging area on a plane, based on the charac-
teristic portion of the target organ;

acquire second imaging data at a position of the imaging
area; and

display the second imaging data superimposed with the
characteristic portion of the target organ.

2. The MRI apparatus according to claim 1, wherein, to

detect the characteristic portion of the target organ:

the first imaging data is acquired including the target organ
and images on a plurality of planes that are orthogonal to
each other;

a first axis is detected in the target organ from the first
imaging data;

a first generated image is generated, from the first imaging
data, ona plane containing the first axis and a first vector
that passes through the first axis; and
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the characteristic portion of the target organ is detected
from the first imaging data, based on the first generated
image.

3. The MRI apparatus according to claim 1, wherein the
target organ is a heart.

4. The MRI apparatus according to claim 3, wherein the
characteristic portion of the heart is an axis of the heart and/or
a point on the axis of the heart.

5. The MRI apparatus according to claim 4, wherein said
axis of the heart is a long axis of the heart, and said pointis a
center of mitral valve or a cardiac apex.

6. A magnetic resonance imaging method comprising:

detecting a characteristic portion of a target organ of a

subject, based on three-dimensional first imaging data
including the characteristic portion;

generating an imaging area on a plane, based on the char-

acteristic portion of the target organ;
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acquiring second imaging data at a position of the imaging
area; and

displaying the second imaging data superimposed with the
characteristic portion of the target organ.

7. A non-transitory program stored in a computer-readable

medium which, when executed, causes a computer to:

detect a characteristic portion of a target organ of a subject,
based on three-dimensional first imaging data including
the characteristic portion;

generate an imaging area on a plane, based on the charac-
teristic portion of the target organ;

acquire a second imaging data at a position of the imaging
area; and

display the second imaging data superimposed with the
characteristic portion of the target organ.

* ok %k
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