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a higher precision axis.

6 Claims, 23 Drawing Sheets

s2-1

| DETECT FIRST AXIS

]/ s2-2

|

I GENERATE FIRST IMAGE DATA

L

t/SH

g DETECT SECOMD AXIS

|

| CALOULATE SECOND IMAGING AREA

!

( ACQUIRE INAGE OF SECOND IMAGING DATA }

s2-6

END



US 10,702,157 B2

Page 2
(51) Imt. CL
AG6IB 5/055 (2006.01)
GOIR 33/48 (2006.01)
(52) US. CL
CPC ... GOIR 33/4833 (2013.01); GOIR 33/4835
(2013.01)
(56) References Cited
U.S. PATENT DOCUMENTS
7,684,604 B2 3/2010 Bystrov et al.
8,303,505 B2* 11/2012 Webler ................ GOG6F 19/3437
600/437
9,251,560 B2*  2/2016 Ishil ....cccoovnrnes A61B 6/032

2005/0113665 Al 5/2005 Stefani et al.

* cited by examiner



U.S. Patent Jul. 7, 2020 Sheet 1 of 23 US 10,702,157 B2

FIG. 1

(PRIOR ART)

( swr )

KCQUIRE [WAGES OF SCOUT VIENS s

ACQUIRE TWAGES OF VLTI SLicE vigis VS
AQUIRE TAGE OF VERTIGL Lowamus vimr =
QU R THAGE OF FORIZONTAL Loo-Axis view |5
KQUIRE TWAGE OF LEFT—CHATRER SrorT-as vien |

ACQUIRE [MAGE OF FOUR-CHAMBER LONG-AXIS VIEW

4

C m )




US 10,702,157 B2

R 9

Sheet 2 of 23

Jul. 7, 2020

U.S. Patent

MBIA [BUOI0D MaIA [eliBes MBIA |BIXE
1 \\ ql m\ ell \

{14V "0Idd) (LYY HOrdd) D D (LYY ¥Oidd)
= AR dc¢ 9l oc¢ 9ld
\\, el
/| e
{(1euo.od) uowfj7\f 1 .
(leixe) mcm}fllxd\m P S
ol N
T
(lenbes) GO}
(1¥V HOINd) (LYY HOldd)
d<c 9Old \ AR DI



U.S. Patent Jul. 7, 2020 Sheet 3 of 23 US 10,702,157 B2

FIG. 3A FIG. 3B

(PRIOR ART) (PRIOR ART)

0
A\ 7 /”IOV /J(mcn
\V ‘ oo




US 10,702,157 B2

Sheet 4 of 23

Jul. 7, 2020

U.S. Patent

=3

a- A

MmaiA sixe Buoj [eoiusn

(1L¥V "OoIdd)

oY Ol

mowr//

(L¥V "OoIldd)

av old

/@.ow

:m:\

(LYV HOoIdd)

Vv Ol




US 10,702,157 B2

Sheet 5 of 23

Jul. 7, 2020

U.S. Patent

e A

MaIA sixe Buoj |ejuoziioy

(L¥V ¥Ooidd)

06 Old

%O#r/; ) ) Py ‘......\....

== 102
90l—| ANN ﬂ@ﬁ

]!—

“

i

1

- a1—"

o (1Y HOI¥d) ?m<w_o_mn_v
g9 9ld VG Old



U.S. Patent Jul. 7, 2020 Sheet 6 of 23 US 10,702,157 B2
FIG. 6B
FIG. BA (PRIOR ART)
(PRIOR ART) 10g! f10
e 1o
N\ ] 10eM
\
\\\ \\
.""/). Y%
20¢ A q0f
left-chamber short-axis views
FIG. 7B
FiG 7A (PRIOR ART)
(PRIOR ART) /”gm four~chamber}long-axis view/Hh
21a

Y

204




US 10,702,157 B2

Sheet 7 of 23

Jul. 7, 2020

U.S. Patent

n

v1va ONIOVWT aNOOH

S (NV 1SHi4

LIND ONTLYINOTV) VaHV ONTOVNI dN

eyl

INE N

A

v3UY ONIDYWI aNOD3S

1IN ke LINA ONILO3LIA SIXV QNOOIS | LINN
AVIdS 1 i 221 OV
; LIND ONILYYINTD JOVAI ISHI4 ke
7 gl |
LINA ONILO3LAC SIXY 1SHl4 |k |
{ : VIV ONIOWNI LSHid b |
001 051 121 o’
8 9Old



U.S. Patent

FIG. 9

Jul. 7, 2020 Sheet 8 of 23

( smr )

US 10,702,157 B2

[ ACQUIRE INAGE OF F

- s2-1
IRST IMAGING DATA |~

N

v

DETECT FI

RST AXIS

/32"2

N

4

GENERATE FIRST IMAGE DATA

_-52-3

DETECT S

o

COND AXIS

_-s2-4

\

Y

CALCULATE SECON

D IMAGING AREA

_-52-5

> s2-6
[_ACQUIRE IMAGE OF SECOND IMAGING DATA J“/-

N

C a0 )




US 10,702,157 B2

Sheet 9 of 23

Jul. 7,2020

U.S. Patent

WA AN,  — — S :
IS s m— Z Posrircrrrrssissssrsassss :
L A e e v 4 N s s s s st s s e :
Gz T ! | g
771 A = T
A . B \m o— \W \W s :

:

»

: :

. :ox [ AT NI 7T :
: 7 —~ \R anve o
: ;o Do S OIS0 :
: \\ 7, A P T o s sy it ss sl :
L - * - =

%\\\\\\\ \Wﬁ\\\\\\ﬁ\. \\ LT T \Nw\\\\\\\w.w\\

M
v LTIl VO

. > . - M

« « H M v .

« . M . * M

nnnnnn ut)v-..n..‘nx..v..‘u:xlxu...t..xn....nnv..: ....x-e:%.-......xrs....l...(n..onx..n...:-._‘....n »n-lr::\:‘lllnaxunun..--._unn..qn-.n..u:...
m- N. F.

\
\

o0L Ol doL ol vOl ©ld



U.S. Patent Jul. 7, 2020 Sheet 10 of 23 US 10,702,157 B2

FIG. 11

FIG. 12




US 10,702,157 B2

Sheet 11 of 23

Jul. 7, 2020

U.S. Patent

. e 45 i S o 9 A e i kS o o T P A i o T o T 2 e e i T e e T 2 A B A o . e B bt i S

YLvA ONIOVINI QYIHL ANV 1Sd1d

LINMN ONTLVINOTVO VAdY ONTOVINL GdTHL

VIHY ONIOVIA] QYIHL

e e e e 8 At 2 8 o e i . o A S e . s . e 4 e e )

er1”
< LIND DNILOAIAA SIXV GHIHL )
ezl
LING J LINA ONILVYINTD JOVWI QNODIS | LINN
AVIdS 1@ Sl TV |
28l
< LIND ONILOTI30 SIXY ONOJ3S |\
22l
< LINA ONILYYINID TOVWI ISHid |
g1
LINA ONILOILIA SIXY iSHid |
- : : V1vO ONIOWHI LSHid b
001"~ 051 121/ oL
¢l ©Old



U.S. Patent

Jul. 7,2020 Sheet 12 of 23

FIG. 14

(st )

A

US 10,702,157 B2

[ ACQUIRE IMAGE OF FI

s2-1
RST INAGING DATA }~

DETECT FIRST AXIS

ﬂ/‘82"2

GENERATE FIRST IMAGE DATA

_-s2-3

DETECT SECOND AXIS

)/‘82"4

A

GENERATE SECOND IMAGE DATA

521

4

DETECT THI

RD AXIS

_-s2-8

4

CALCULATE THIRD

IMAGING AREA

_-s2-9

> s2-10
[ ACQUIRE IMAGE OF THIRD IMAGING DATA 'J/f

C D )




U.S. Patent Jul. 7, 2020 Sheet 13 of 23 US 10,702,157 B2

FIG. 15
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MAGNETIC RESONANCE IMAGING
APPARATUS AND MAGNETIC RESONANCE
IMAGING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

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 now
U.S. Pat. No. 8,928,318 issued Jan. 6, 2015, 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

1. Technical Field

An exemplary embodiment relates to magnetic resonance
imaging apparatus (hereinafter, referred to as “MRI appa-
ratus”) configured to perform a positioning operation of
desired imaging areas of a heart automatically.

2. Description of Related Art

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 soci-
ety for Cardiac MR, has determined a standardized protocol
for cardiac MRI examination. This standardized protocol
includes not only a sequence used for the cardiac MRI
examination and imaging conditions such as slice thick-
nesses tailored to diseases or objects of the examination, but
also a detailed operating procedure for positioning of desired
imaging areas of a heart, which are different from subject to
subject and required for a preparation of the cardiac MRI
examination.

The operating procedure for positioning of the desired
imaging areas of a heart included in the standardized pro-
tocol using an MRI apparatus as a background (hereinafter
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.

FIG. 1 depicts a flowchart for an operating procedure 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.

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
104, and a coronal section 10c¢ in the imaging range 10 as
shown in FIG. 2B. Images 1la, 116 and 11c¢ of the scout
views are generally referred to as an Axial view (see FIG.
2C), a Sagittal view (see FIG. 2D) and a Coronal view (see
FIG. 2E), respectively.

Subsequently, in Step S1-2, the background apparatus
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.

Subsequently, in Step S1-3, the background apparatus
selects an arbitrary n” image 11 from the N shots of
Multi-slice views as shown in FIG. 4A, and a long axis
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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 of a 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).

Subsequently, in Step S1-4, the background apparatus 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 FIG. 5C,
an image 11f of the cross-section 10f is referred to as a
horizontal long-axis view.

Subsequently, in Step S1-5, the background apparatus sets
a long axis vector 20c 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
20c¢ 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”.

Finally, in Step S1-6, the background apparatus sets a
short axis vector 21a passing from an arbitrary left chamber
short-axis view 1lgm close to a base of a heart through a
center 204 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,
an image 114 of this cross-section is referred to as a
“four-chamber long-axis view”.

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
cardiac 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
background apparatus is required to perform a plurality of
times of setting operations for setting positions of the
Cross-sections.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart showing an operating procedure in
a standardized protocol;

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

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

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

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

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

FIG. 3A shows a Multi-slice view;

FIG. 3B is an explanatory drawing of body axis cross-
sections;
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FIG. 4A is a drawing of an n” image selected from N
shots of Multi-slice views;

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

FIG. 4C is an explanatory drawing of a vertical long-axis
view;

FIG. 5A is a drawing showing a state in which the
long-axis vector is set in the vertical long-axis view;

FIG. 5B is an explanatory drawing showing a case of
taking an image of a horizontal long-axis view;

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

FIG. 6A is a drawing showing a state in which the
long-axis vector is set in the horizontal long-axis view;

FIG. 6B is an explanatory drawing showing a left cham-
ber short-axis view;

FIG. 7A is a drawing showing a state in which a short-axis
vector is set in the left chamber short-axis view,

FIG. 7B is an explanatory drawing showing a four-
chamber long-axis view;

FIG. 8 is a block diagram showing an MRI apparatus
according to a first embodiment;

FIG. 9 is a flowchart of the MRI apparatus according to
the first embodiment;

FIG. 10A is an explanatory drawing showing a case where
an image is acquired in a Multi-Slice method:;

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;

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

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

FIG. 12 is an explanatory drawing of the first image data;

FIG. 13 is a block diagram showing an MRI apparatus
according to a second embodiment;

FIG. 14 is a flowchart of the MRI apparatus according to
the second embodiment;

FIG. 15 is an explanatory drawing of second image data;

FIG. 16 is a block diagram showing an MRI apparatus
according to a third embodiment;

FIG. 17 is a flowchart of the MRI apparatus according to
the third embodiment;

FIG. 18 is a block diagrams showing an MRI apparatus
according to a fourth embodiment;

FIG. 19 is a flowchart of the MRI apparatus according to
the fourth embodiment;

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

FIG. 21 is a flowchart of the MRI apparatus according to
the fifth embodiment;

FIG. 22A is an explanatory drawing showing a case of
picking up an image in the Multi-slice method;

FIG. 22B is an explanatory drawing showing a method of
picking up a plurality of images with low resolution in
imaging area and with high resolution in the direction of
image pickup;

FIG. 22C is an explanatory drawing showing a method of
picking up images with different resolutions in three direc-
tions;

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

FIG. 24 is an explanatory drawing of the first image data;
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FIG. 25 is a block diagrams showing an MRI apparatus
according to a sixth embodiment; and

FIG. 26 is a flowchart of the MRI apparatus according to
the sixth embodiment.

DETAILED DESCRIPTION

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

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

an imaging unit configured to acquired first imaging data
of a three-dimensional image including heart of a subject,
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 reso-
Iution in two other directions;

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;

a first image generating unit configured to calculate a first
vector passing through the first axis and having at least a
predetermined resolution, and generate first image data on a
plane passing through the first axis and the first vector from
the first imaging data; and

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

A configuration of the 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.

The configuration of the MRI apparatus 100 according to
the first embodiment will be described with reference to
FIG. 8. FIG. 8 is a block diagram showing the configuration
of the MRI apparatus 100.

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.

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 progran. At this time, the MRI apparatus 100 may
be implemented 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 a user to install the program on the
computer as needed.

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.
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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.

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 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.

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.

The second imaging area calculating unit 142 calculates 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 imaging 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.

The three-dimensional first imaging data and the two-
dimensional second imaging data acquired by the imaging
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.

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.

Subsequently, an action of the MRI apparatus 100 will be
described with reference to FIG. 9, which is a flowchart
showing the action of the MRI apparatus 100 according to
the first embodiment.

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 direc-
tion 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.

In the first embodiment, the above-described three-dimen-
sional first imaging data is a three-dimensional first imaging
data il including a plurality of Axial cross-sectional views il
(first imaging data) including the heart 2 acquired by a
Multi-slice method as shown in FIG. 10A. At this time, it is
preferable to acquire the first imaging data i1 synchronously
with cardiac time phase by synchronizing with electrocar-
diogram for respective cross-sectional views. Also, the num-
ber 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-breathing 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.

However, the method of imaging of the first imaging 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-section by
the Multi-slice method. Alternatively, for example, as shown
in FIG. 10B, first imaging data 12 generated by imaging a
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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 resolu-
tions 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.

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
provisional long axis and the second axis is a long axis
obtained with a high degree of precision.

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 connecting 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
chamber” (three parameters) and a directional vector to the
“cardiac apex” (three parameters), and using a technology of
pattern recognition using these six parameters as a search
space.

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
area i1, generates first image data, which is a two-dimen-
sional 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 detecting
unit 122 and the display unit 150.

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 data 11 (first
imaging 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-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

V1:(V1,X,V1J,V1,Z)T-

However, a position of a plane in a 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.

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:(V1J:‘V1,xao)r-

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 1s, forms a minimum angle



US 10,702,157 B2

7

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 predeter-
mined angle because at least a predetermined resolution is
ensured as long as the angle does not exceed the predeter-
mined angle.

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

w, E{ulu-(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 vector ul 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.

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

#,=0,0,1)".

However, when the directional vector v1 is in parallel to
the first vector ul, the first vector ul is an arbitrary vector
other than that parallel to the directional vector v1.

In Step s2-4, the second axis detecting unit 122 detects the
two-dimensional second axis from the two-dimensional first
image data and outputs the detected second axis to the
second imaging area calculating unit 142 and the display
unit 150.

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 technologies such as
template matching, edge detection, or pattern recognition,
and calculating an axis connecting these positions. Since the
first axis detecting unit 121 is intended for the first imaging
data 11 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
precision is achieved. In other words, the second axis
detected in this process is a “long axis” with high precision.

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 extend-
ing in parallel to the direction of the body axis and passing
through the second axis (long axis).

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

vo=(v5 5 3 Vz,z)l-

At this time, 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

U=(V2_p V2 V2 ) x(0,0,1)=(v V2 0) T

and passing through the second axis. In the expression given

above, the sign “x” is a sign of a vector product.
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In Step s2-6, the imaging unit 110 acquires 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
acquire a plurality of shots of image data parallel to the
second imaging data together with the second imaging data.

The display 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.

According to the first embodiment, by detecting the first
axis (provisional long axis) expressed in three dimensions
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. Accord-
ingly, positioning and imaging of the “horizontal long-axis
view” are enabled only by taking the three-dimensional first
imaging data and hence positioning of the desired imaging
areas is achieved more efficiently.

Second Embodiment

The MRI apparatus 100 according to a second embodi-
ment will be described with reference to FIGS. 13-15.

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 imag-
ing of a “two-chamber long-axis view” and a “three-cham-
ber long-axis view” are also possible with the same con-
figuration.

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 MRI
apparatus 100 in the second embodiment has the configu-
ration of the MR1 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 umt
143. The configurations other than the second image gen-
erating 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.

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.

The third axis detecting unit 123 detects a two-dimen-
sional 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.

The third imaging area calculating unit 143 calculates a
third imaging area which is a plane passing through the third
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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.

Subsequently, an action of the MR apparatus 100 accord-
ing 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.

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.

In Step s2-8, the third 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.

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
connecting a position closer to the “mitral valve” to the
center position of the left chamber.

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-dimensional
second image data is detected using a technology of tem-
plate 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.

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 generating 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 positioning is
wanted is the “three-chamber long-axis view”.

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.

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.

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 first
imaging data and the two-dimensional third imaging data
acquired in the procedure above.

Also, as shown in FIG. 15, displaying a point v3 where the
second image data and the second axis intersect, a position
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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.

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 positioning of
the desired imaging areas of a heart is achieved more
efficiently.

Third Embodiment

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

The MRI apparatus 100 according to the third embodi-
ment 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.

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

The MRI apparatus 100 in the third embodiment has the
configuration of the MRI apparatus 100 in the first embodi-
ment, 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.

The fourth imaging area calculating unit 144 calculates 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.

Subsequently, an action of the MRI apparatus 100 accord-
ing 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.

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”.

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.

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 efliciently.

Fourth Embodiment

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

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

The MRI apparatus 100 in the fourth embodiment has the
configuration of the MRI apparatus 100 in the third embodi-
ment added with a fourth axis detecting unit 124 and a fifth
imaging area calculating unit 145. In FIG. 18, configurations
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 embodi-
ment.

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.

The fifth imaging area calculating unit 145 calculates a
fifth imaging area which is a plane passing through the
fourth axis and the second axis. The calculated fifth imaging
area is input to the imaging unit 110.

Subsequently, an action of the MRI apparatus 100 accord-
ing 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.

In 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
ventricle” from the fourth imaging data using the technolo-
gies such as 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 fourth axis.

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 character-
istics for detecting the fourth axis corresponding to the
imaging area for determining the imaging position based on
the anatomic characteristics.

In Step 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.

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 proce-
dure described above.

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
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axis in a superimposed manner is preferable because the
operator is allowed to confirm the positioning accuracy of
the imaging areas set automatically.

According to the fourth embodiment, the positioning 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 efliciently.

Fifth Embodiment

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

The configuration of the MRI apparatus 100 according to
the fifth embodiment will be described with reference to
FIG. 20. FIG. 20 is a block diagram showing a configuration
of the MRI apparatus 100.

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.

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 program. At this time, the MRI apparatus 100 may
be implemented 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.

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.

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.

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 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.

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.

The second imaging area calculating unit 142 calculates a
second imaging area which is a plane passing through the
second axis and orthogonal to a plane extending in parallel
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to the direction of the body axis of the subject 1 and passing
through the second axis. The calculated second imaging 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.

The three-dimensional first imaging data and the two-
dimensional second imaging data acquired by the imaging
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.

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.

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.

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 direc-
tion 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.

In the fifth embodiment, the above-described three-di-
mensional first imaging data is three-dimensional first imag-
ing data il 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
synchronously with cardiac time phase by synchronizing
with electrocardiogram 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 embodi-
ment) is extremely low.

However, the method of imaging of the first imaging 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-section by
the Multi-slice method. Alternatively, for example, as shown
in FIG. 22B, first imaging data i2 generated by imaging 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 resolu-
tions 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 directions within a range including heart.

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
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obtained provisional long axis and the second axis is a long
axis obtained with a high degree of precision.

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 connecting 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.

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-dimen-
sional 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 detecting
unit 122 and the display unit 150.

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 il (first
imaging 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 the
direction 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

_ T
V1*(V1,X,V1J,V1,z) .

However, the position of the plane in the 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.

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

“1:("14:“’1,){,0)?

The first vector ul extends along the direction closest to,
that is, forms a minimum angle with respect to the respective
planes (the first imaging area data) of the first imaging data
11 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 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.

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

u E{ulu (dx,dy,dz)/ul <th,ulv, }

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 vector ul 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.

Also, for example, in the case of the first imaging data 12
obtained by taking a plurality of images with low resolutions
of the first imaging areas shown in FIG. 22B and a high
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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,H)%.

However, when the directional vector v1 is in parallel to
the first vector ul, the first vector ul is an arbitrary vector
other than that parallel to the directional vector v1.

In Step s2-4, the second axis detecting unit 122 detects the
two-dimensional second axis from the two-dimensional first
image data and outputs the detected second axis to the
second imaging area calculating unit 142 and the display
unit 150.

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 technologies such as
template matching, edge detection, or pattern recognition,
and calculating an axis connecting these positions. Since the
first axis detecting unit 121 is intended for the first imaging
data il 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
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.

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 extend-
ing in parallel to the direction of the body axis and passing
through the second axis (long axis).

In the fifth embodiment, the second axis v2 is defined as

vo=(Vo ¥ 3 Vz,z)l-

At this time, 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

U=(Va oV V2 L) (0,0,1)"=(v, V2 50) L

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

In Step s2-6, the imaging unit 110 acquires 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.

The display 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 superim-
posed 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.

According to the fifth embodiment, by detecting the first
axis (provisional long axis) expressed in three dimensions
from the three-dimensional first imaging data, then detecting
the second axis (long axis with a high degree of precision)
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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. Accord-
ingly, 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 imaging
areas is achieved more efficiently.

Sixth Embodiment

The MRI apparatus 100 according to a sixth embodiment
will be described with reference to FIGS. 25 and 26.

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 position-
ing and imaging of the “two-chamber long axis view” and
the “three-chamber long axis view” are also possible with
the same configuration.

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

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 calcu-
lating 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 MR1 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 embodi-
ment.

The fifth imaging area calculating unit 145 calculates 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.

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
overlapped 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.

In Step s2-12, the fourth axis is detected from the fourth
imaging data after the fourth imaging area calculating umt
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 recogni-
tion, and then an axis passing through this position and
extending orthogonally to the second axis (long axis) is
detected as the fourth axis.

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 character-
istics for detecting the fourth axis corresponding to the
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imaging area for determining the imaging position on the
basis of the anatomic characteristics.

In Step s2-14, the fifth imaging 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.

In Step s2-15, the imaging unit 110 acquires an image of
the two-dimensional fifth imaging data at the 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 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
procedure above.

In the same manner as FIG. 14 in the third embodiment,
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
manner is preferable because the operator is allowed to
confirm the positioning accuracy of the imaging areas set
automatically.

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 efliciently only by taking images of the first
imaging data and the fourth imaging data.

(Modification)

In the respective embodiments described above, the first
imaging data is the plurality of axial cross-section including
heart acquired by the Multi-slice method. However, an
imaging method employing regeneration in three dimen-
sions 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.

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 simulta-
neously.

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:

(a) an MRI system configured to acquire MR images;

(b) at least one data processor configured to:

(1) receive from said MRI system first MR imaging data
that includes data representing a three-dimensional
image of a heart;

(ii) detect data representing a characteristic anatomic
portion of the heart included in the first MR imaging
data, wherein the at least one data processor is
further configured to:
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acquire the first imaging data so as to include a heart
and a plurality of cross-sectional two dimensional
images that are parallel to each other;
detect a first axis relating to the heart from the first
imaging data;
generate a first generated image from the first imag-
ing data, on a plane containing the first axis, and
detect a second axis relating to the heart from the
acquired first image data based on the first gener-
ated image when resolution of the first generated
image is higher than a predetermined resolution;
(ii1) determine a plane to be scanned by said MRI
system, based on a position of the second axis
relating to the heart; and
(iv) cause said MRI system to perform a further MRI
scan and acquire second imaging data in the plane;
and
(c) a display configured to display the second imaging
data superimposed with the second axis detected from
the first imaging data.

2. The MRI apparatus according to claim 1, wherein the
characteristic anatomic portion of the heart is an axis of the
heart and/or a point on the axis of the heart.

3. The MRI apparatus according to claim 2, wherein said
axis of the heart is a long axis of the heart; and said point is
a center of mitral valve or a cardiac apex.

4. A magnetic resonance imaging (MRI) method com-
prising:

receiving first MR imaging data that includes data repre-

senting a three-dimensional image of a heart;
detecting data representing a characteristic anatomic por-
tion of the heart included in the first MR imaging data;
acquiring the first imaging data so as to include the heart
and a plurality of cross-sectional two-dimensional
images that are parallel to each other,

detecting a first axis relating to the heart from the first

imaging data,

generating a first generated image from the first imaging

data, on a plane containing the first axis, and detecting
a second axis relating to the heart from the acquired
first imaging data based on the first generated image,
when resolution of the first generated image is higher
than a predetermined resolution;

determining a plane to be scanned by said MRI system to

acquire further imaging data, based on a position of the
second axis relating to the heart;

performing a further MRI scan with the MRI system

acquiring second MR imaging data in the plane; and
displaying the second imaging data superimposed with
the second axis detected from the first imaging data.

5. A non-transitory program stored in a computer-readable
medium, said program, when executed by at least one
computer coupled to a magnetic resonance imaging (MRI)
system, causes said at least one computer to:

receive first MR imaging data that includes data repre-

senting a three-dimension image of a heart;
detect data representing a characteristic anatomic portion
of the heart included in the first MR imaging data;

acquire the first imaging data so as to include the heart and
a plurality of cross-sectional two-dimensional images
that are parallel to each other;

detect a first axis relating to the heart from the first

imaging data;

generate a first generated image from the first imaging

data, on a plane containing the first axis and detect a
second axis relating to the heart from the acquired first
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imaging data based on the first generated image, when

resolution of the first generated image is higher than a

predetermined resolution;

determine a plane to be scanned by said MRI system,
based on a position of the second axis relating to the
heart;

control said MRI system to perform a further MRI scan in
the plane and acquire second imaging data in the plane;
and

display the second imaging data superimposed with the
second axis detected from the first imaging data.

6. A magnetic resonance imaging (MRI) apparatus com-

prising:

(a) an MRI system configured to acquire MR images;

(b) at least one data processor;

(c) a memory storing processor-executable instructions
that, when executed by the at least one data processor,
cause the at least one data processor to:

(1) receive from said MRI system first MR imaging data
that includes data representing a three-dimensional
image of a heart;

(i1) detect data representing a characteristic anatomic
portion of the heart included in the first MR imaging

10

15

20

20

data, wherein the processor-executable instructions

cause the at least one processor to

acquire the first imaging data so as to include the
heart and a plurality of cross-sectional two-dimen-
sional images that are parallel to each other;

detect a first axis relating to the heart from the first
imaging data;

generate a first generated image from the first imag-
ing data, on a plane containing the first axis and
detect a second axis relating to the heart from the
acquired first imaging data based on the first
generated image, when resolution of the first gen-
erated image is higher than a predetermined reso-
lution;

(ii1) determine a plane to be scanned by said MRI
system and acquire further imaging data, based on a
position of the second axis relating to the heart;

(iv) cause said MRI system to perform a further MRI
scan and acquire second imaging data in the plane;
and

(c) a display configured to display the second imaging
data superimposed with the second axis

detected from the first imaging data.
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