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MAGNETIC RESONANCE IMAGING
APPARATUS AND MAGNETIC RESONANCE
IMAGING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
No. PCT/JP2015/50819, filed on Jan. 14, 2015, and the PCT
application is based upon and claims the benefit of priority
from Japanese Patent Application No. 2014-4526, filed on
Jan. 14, 2014, the entire contents of which are incorporated
herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
magnetic resonance imaging apparatus and a magnetic reso-
nance imaging method.

BACKGROUND

[0003] A magnetic resonance imaging apparatus is an
imaging apparatus which excites nuclear spin of a patient
placed in a static magnetic field with an RF (Radio Fre-
quency) pulse having the Larmor frequency and generates a
reconstructed image by using the magnetic resonance signals
emitted from the patient due to the excitation.

[0004] In many cardiac examinations using a magnetic
resonance apparatus, first, six reference planes useful for
diagnosis are selected, and then imaging of various still
images and moving images in accordance with diagnostic
purposes is performed at the respective selected reference
planes.

[0005] Here, the six reference planes means a vertical long
axis plane, a horizontal long axis plane, a short axis plane, a
two-chamber long axis plane, a three-chamber long axis
plane and four-chamber long axis plane.

[0006] Conventionally, in order to set the six reference
planes, the method of repeating processes of positioning and
imaging in the following manner has been used. In this con-
ventional method, the position of the vertical long axis plane
is determined from an axial cross-sectional image, then the
position of the horizontal long axis plane is determined from
the vertical long axis view imaged at the determined position
of the vertical long axis plane, then the position of the short
axis plane is determined from the horizontal long axis view
imaged at the determined position of the horizontal long axis
plane, and positioning and imaging are repeated in this man-
ner (this method is sometimes referred to as a chain oblique
technique, because itis a method of repeating positioning and
imaging of oblique cross-sections).

[0007] Conventional technology based on the chain
oblique technique requires wide experience and highly
advanced skills in order to secure accuracy of setting cross-
sectional positions, in addition to its complicated procedure.
This is because the positional error of the previously deter-
mined cross-section influences the position of the subse-
quently determined cross-section. In addition, because con-
siderable time is required for setting the six reference planes,
it imposes unignorable burden on a patient.

[0008] Then, technology of detecting anatomical features
of the heart and automating setting of the six reference planes
has been developed.

[0009] However, the conventional technology merely
relates to a technology for automatically setting the above six
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reference planes and does not relate to a technology for set-
ting cross-sections useful for cardiac diagnosis other than the
six reference planes. For example, although kinetic observa-
tion of valves such as an aortic valve and a pulmonary valve
is required in examination of valvular disease, sufficient auto-
mation has not been achieved as to setting of cross-sections
appropriate for the kinetic observation of these valves. In
addition, although dynamic information on blood flow veloc-
ity and passage diameters adjacent to valves such as an aortic
valve and a pulmonary valve is necessary for understanding
cardiac hemodynamics, sufficient automation has not been
achieved as to setting of imaging cross-sections appropriate
for measuring blood flow velocity and passage diameters
neither.

[0010] Then, a magnetic resonance apparatus, that can
automatically set cross-sections useful for cardiac diagnosis
such as a cross-section appropriate for the kinetic observation
of valves and a cross-section appropriate for understanding
cardiac hemodynamics other than the six reference planes,
has been desired.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In the accompanying drawings:

[0012] FIG. 1 is a block diagram showing an example of
overall structure of a magnetic resonance apparatus;

[0013] FIG. 2 is a block diagram showing components rel-
evant to the automatic processing of setting imaging cross-
sections of valves;

[0014] FIG. 3 illustrates an anatomical heart model which
is the imaging target;

[0015] FIG. 4 is a flowchart showing an example of the
automatic processing of setting imaging cross-sections of
valves and imaging processing for the automatically deter-
mined imaging cross-sections;

[0016] FIG. 5 is a chart showing multi-slice axial cross-
sectional images (three-dimensional data) and isotropic pro-
cessing;

[0017] FIG. 61is a chart explaining a method of determining
the reference plane (three-chamber long axis plane) by using
positions of three anatomically characteristic regions;
[0018] FIG. 7 is a flowchart showing an example of the
concrete processing of determining the reference axis (central
axis of the aortic duct);

[0019] FIG. 8 is the first explanatory diagram showing a
method of determining the reference axis (central axis of the
aortic duct);

[0020] FIG. 9is the second explanatory diagram showing a
method of determining the reference axis (central axis of the
aortic duct);

[0021] FIG. 10A is the third explanatory diagram showing
amethod of determining the reference axis (central axis of the
aortic duct) by using an image indicating the pixel value I(x,
y) at each of the pixel positions (X, y) in the region of interest
S(6);

[0022] FIG. 10B is a diagram showing an example of an
image indicating the gradient direction Idir(x, y) of the pixel
value I(x, y) at each of the pixel positions (x, y) obtained by a
subsequent process after FIG. 10(a);

[0023] FIG. 10C is a diagram showing an example of an
image indicating the magnitude Igrad(x, y) of the gradient of
each of the pixel values I(x, y) obtained by a subsequent
process after FIG. 10(5);
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[0024] FIG. 11 is the fourth explanatory diagram showing a
method of determining the reference axis (central axis of the
aortic duct);

[0025] FIG.12Ais a chart showing an example of a method
of determining the imaging cross-section of the aortic duct;
[0026] FIG. 12B is a chart showing an example of a
dynamic image obtained by performing cine imaging on the
imaging cross-section determined by the method of FIG.
124,

[0027] FIG.13Ais a chartshowing an example of a method
of determining the imaging cross-section of the aortic duct;
[0028] FIG.13Bisa chart showing an example of images of
blood flow velocity obtained by performing cine imaging on
the determined imaging cross-section of the aortic duct with
the use of a PC technique;

[0029] FIG. 14 is a diagram explaining a method of deter-
mining the imaging cross-section of the pulmonary valve;
[0030] FIG.15Aisadiagram explaining a method of deter-
mining the respective imaging cross-sections of the tricuspid
valve and the right ventricular inflow tract;

[0031] FIG. 15B is a diagram explaining a method of deter-
mining the respective imaging cross-sections of the mitral
valve and the left ventricular inflow tract;

[0032] FIG. 16 is a diagram explaining a method of deter-
mining imaging cross-sections in the second embodiment;
and

[0033] FIG. 17 is a diagram explaining a method of deter-
mining imaging cross-sections in the third embodiment.

DETAILED DESCRIPTION

[0034] The magnetic resonance apparatus of the present
embodiment includes: a gantry which includes a static field
magnet, a gradient coil and an RF coil to image an object;
processing circuitry; and a memory that stores processor-
executable instructions that, when executed by the processing
circuitry, cause the p processing circuitry to detect at least one
position of an aortic valve and a pulmonary valve from three-
dimensional image data including a heart of the object, as at
least one characteristic region inside the heart, specify a posi-
tion of an imaging cross-section substantially orthogonal to a
bloodstream path inside the heart based on the position of the
aortic valve or the pulmonary valve, and cause the gantry to
image the imaging cross-section of the object at the specified
position of the imaging cross-section.

[0035] Hereinafter, embodiments of the present invention
will be explained with reference to the accompanying draw-
ings.

(1) Overall Structure

[0036] FIG. 1 is a block diagram showing an example of
overall structure of a magnetic resonance apparatus 1 of the
present embodiment. The magnetic resonance apparatus 1
includes a gantry 100, a bed 200, a control cabinet 300, a
console 400 and so on.

[0037] The gantry 100 includes a static field magnet 10, a
gradient coil 11, an RF coil 12 and so on, and these compo-
nents are included in a cylindrical housing. The bed 200
includes a bed body 20 and a table 21.

[0038] The control cabinet 300 includes a static magnetic
field power source 30, a gradient magnetic field power source
31 (31x for an X axis, 31y foraY axis and 31z for a Z axis),
an RF receiver 32, an RF transmitter 33, a sequence controller
34 and so on. In addition, the console 400 is constituted as a
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computer including one or more processor(s) 40, one or more
storage unit(s) 41, an input unit42, a display unit 43 and so on.
[0039] The static field magnet 10 of the gantry 100 is sub-
stantially in the form of a cylinder, and generates a static
magnetic field inside the bore (i.e. the space inside the cylin-
drical structure of the static field magnet 10) which is an
imaging region of an object (patient). The static field magnet
10 includes a superconductive coil inside and the supercon-
ductive coil is cooled down to an extremely low temperature
by liquid helium. The static field magnet 10 generates the
static magnetic field by supplying the superconductive coil
with the electric current provided from the static magnetic
field power source 30 in an excitation mode. After this, the
static field magnet 10 shifts to a permanent current mode and
thereby the static magnetic field power source 30 is separated.
Once it enters the permanent current mode, the static field
magnet 10 continues to generate a strong static magnetic field
for a long time, for example, over one year. Incidentally, the
static field magnet 10 may be constituted as a permanent
magnet.

[0040] The gradient coil 11 is also substantially in the form
of a cylinder, and fixed to the inside of the static field magnet
10. This gradient coil 11 applies gradient magnetic fields to
the object in the respective directions of the X axis, the Y axis
and the 7 axis, by using the electric currents supplied from the
gradient magnetic field power sources (31x, 31y, 31z).
[0041] The bed body 20 of the bed 200 can move the table
21 in the upward and downward directions, and moves the
object on the table 21 to a predetermined height before imag-
ing. After this, in time of imaging, the bed body 20 moves the
table 21 in the horizontal direction so as to move the object
inside the bore.

[0042] The RF coil 12 is also called a whole body coil, and
is fixed to the inside of the gradient coil 11.

[0043] The RF coil 12 transmits RF pulses supplied from
the RF transmitter 33 toward the object and receives the
magnetic resonance signals emitted from the object due to
excitation of hydrogen atoms.

[0044] The RF transmitter 33 supplies the RF coil 12 with
RF pulses on the basis of a command from the sequence
controller 34. Meanwhile, the RF receiver 32 detects the
magnetic resonance signals received by the RF coil 12, and
transmits raw data obtained by digitizing the detected mag-
netic resonance signals to the sequence controller 34.

[0045] Under the control of the console 400, the sequence
controller 34 performs a scan of the object by respectively
driving the gradient magnetic field power source 31, the RF
transmitter 33 and the RF receiver 32. Then, when the
sequence controller 34 receives the raw data from the RF
receiver 32 by performing the scan, the sequence controller
34 transmits the raw data to the console 400.

[0046] The console 400 controls the entirety of the mag-
netic resonance apparatus 1. Specifically, the console 400
receives commands and various kinds of information such as
imaging conditions or the like inputted via a mouse and a
keyboard (of the input unit 42) operated by a clinical exam-
iner and so on. Then, the processor(s) 40 makes the sequence
controller 34 perform a scan on the basis of the inputted
imaging conditions, and reconstructs images by using the raw
data transmitted from the sequence controller 34. The recon-
structed images are displayed on the display unit 43 or stored
in the storage unit(s) 41.

[0047] The magnetic resonance apparatus 1 sets the afore-
mentioned cross-sections appropriate for the kinetic observa-
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tion of the valves and cross-sections appropriate for under-
standing cardiac hemodynamics. More specifically, the
magnetic resonance apparatus 1 performs processing of set-
ting transverse sections of valves inside the heart and trans-
verse sections of main blood flow paths inside the heart.
Hereinafter, this processing is referred to as “automatic pro-
cessing of setting imaging cross-sections of valves” The auto-
matic processing of setting imaging cross-sections of valves
is mainly performed by the console 400.

[0048] Incidentally, in the present embodiment shown
below, an example in which imaging cross-sections are
selected (set) without operation by an operator will be
explained. However, the magnetic resonance apparatus 1 may
be constituted so as to receive a command to set imaging
cross-sections, a command to correct imaging cross-sections
selected by the magnetic resonance apparatus 1.

[0049] FIG. 2 is a block diagram showing components rel-
evant to the automatic processing of setting imaging cross-
sections of valves. As shown in FIG. 2, the magnetic reso-
nance apparatus 1 includes units such as an imaging condition
setting unit 116 for acquiring 3D (three-dimensional) data, a
3D data generation unit 102, a characteristic region detecting
unit 104 (detecting unit 104), a reference plane/reference axis
determining unit 106, an imaging cross-section determining
unit 108 (specifying unit 108), an imaging condition setting
unit 110 for acquiring cross-sectional images, a cross-sec-
tional image reconstruction unit 112, an image analyzing unit
114.

[0050] The function of each of these units (116, 102, 104,
106, 108, 110, 112, 114) is achieved by processing circuitry
such as the processor(s) 40 of the console 400 which executes
predetermined computer-executable instructions stored in
one or more memories such as the storage unit(s) 41. How-
ever, it is not limited to such software processing. For
example, the function of each of these units may be achieved
by hardware processing with the use of ASIC and so on.
Alternatively, it may be achieved by combination of the soft-
ware processing and the hardware processing.

[0051] Out of the above respective units, the imaging con-
dition setting unit 116 for acquiring 3D data sets imaging
conditions for performing imaging of multi-slice axial cross-
sections on the sequence controller 34, in order to acquire
three-dimensional data. The sequence controller 34 performs
imaging of multi-slice axial cross-sections in accordance
with these imaging conditions. The 3D data generation unit
102 acquires the magnetic resonance signals from the object
obtained by this imaging, and generates the three-dimen-
sional data including the heart of the object by using the
acquired magnetic resonance signals.

[0052] The characteristic region detecting unit 104 detects
positions of a plurality of anatomically characteristic regions
inside the heart such as the mitral valve, the aortic valve, the
left ventricular apex (i.e., the cardiac apex) from the acquired
three-dimensional data.

[0053] Thereference plane/reference axis determining unit
106 and the imaging cross-section determining unit 108
determines reference planes such as the three-chamber long
axis plane and the central axis (reference axis) of a duct of a
bloodstream path such as the aortic duct from the detected
positions of the plurality of anatomically characteristic
regions. The reference plane/reference axis determining unit
106 and the imaging cross-section determining unit 108 also
identifies (specifies) a cross-section, which is substantially
orthogonal to the blood flow route inside the heart (i.e. the
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central axis of a duct of a bloodstream path) and includes a
predetermined observation region inside the heart such as the
aortic valve or its adjacent region, as the imaging cross-
section. Details of determining the imaging cross-sections
will be described below.

[0054] Information designating a specified observation
region (for example, information that the observation region
is the aortic valve) is inputted into the magnetic resonance
apparatus 1 via the input unit 42. On the basis of this infor-
mation, the reference plane/reference axis determining unit
106 determines the reference plane (three-chamber long axis
plane) and the central axis of the aortic duct, which are needed
to determine the imaging cross-section suitable for the kinetic
observation of the aortic valve. In addition, the characteristic
region detecting unit 104 similarly detects positions of the
plurality of anatomically characteristic regions (the mitral
valve, the aortic valve and the left ventricular apex) needed to
determine the three-chamber long axis plane, based on the
information designating a specified observation region (for
example, information that the observation region is the aortic
valve).

[0055] Theimaging condition setting unit 110 for acquiring
cross-sectional images sets imaging conditions based on the
determined imaging cross-sections and the imaging method
of the cross-sections (for example, cine imaging with the use
of a SSFP (Steady State Free Precision) technique and a PC
(Phase Contrast) technique), on the sequence controller 34.
[0056] The sequence controller 34 performs imaging of the
imaging cross-sections on the basis of these imaging condi-
tions. The cross-sectional image reconstruction unit 112
reconstructs cross-sectional images by using the magnetic
resonance signals (raw data) obtained by this imaging, and
display them on the display unit 43.

[0057] The image analyzing unit 114 analyzes cardiac
hemodynamics including analysis of blood flow amount, on
the basis of blood flow velocity information included in the
reconstructed cross-sectional images, information on radius
sizes of respective bloodstream ducts and so on.

[0058] Incidentally, as shown in the left side of FIG. 2, the
entirety of the components of the magnetic resonance appa-
ratus 1 excluding the console 400 is defined as an imaging
unit 500.

(2) Operation

[0059] Details of the operation of the magnetic resonance
apparatus 1 constituted as above are explained as follows.
[0060] FIG. 3 is a diagram illustrating an anatomical heart
mode] which is the imaging target of the magnetic resonance
apparatus 1 of the present embodiment.

[0061] Asis well known, in the systole, blood carried from
the left ventricle flows through the aortic valve by way of the
left ventricular outflow tract to reach the aortic duct, and then
is carried to the respective intracorporeal arteries. Addition-
ally, in the systole, venous blood carried from the right ven-
tricle flows through the pulmonary valve by way of the right
ventricular outflow tract to reach the pulmonary artery duct,
and then is carried to the bilateral lungs.

[0062] On the other hand, in the diastole, arterial blood
returned from the bilateral lungs flows into the left atrium, and
then flows into the left ventricle by way of the mitral valve. In
addition, venous blood returned from the respective intracor-
poreal veins flows into theright atrium, and then flows into the
right ventricle by way of the tricuspid valve.
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[0063] Incidentally, the bloodstream path, which is adja-
cent to the mitral valve and flows from the left atrium into the
leftventricle, is referred to as a left ventricular inflow tract, for
the sake of convenience. In addition, the bloodstream path,
which is adjacent to the tricuspid valve and flows from the
right atrium into the right ventricle, is referred to as a right
ventricular inflow tract. Moreover, the aortic duct, the pulmo-
nary artery duct, the left ventricular inflow tract and the right
ventricular inflow tract are collectively referred to as a blood-
stream duct, in a simple term. In addition, the axis connecting
the bottom end of the left ventricle (left ventricular apex) with
the center of the mitral valve is referred to as a left ventricular
long axis or a long axis in a simple term.

[0064] FIG. 4 is a flowchart showing an example of the
automatic processing of setting imaging cross-sections of
valves and imaging processing for the determined imaging
cross-sections performed by the magnetic resonance appara-
tus 1. Although the magnetic resonance apparatus 1 can select
any valve and any bloodstream duct inside the heart, an
example in which the aortic valve and the aortic duct con-
necting to the aortic valve are selected as imaging targets will
be explained below. Incidentally, it is assumed that an opera-
tor preliminarily inputs information that the imaging targets
(observation regions) are the aortic valve and the aortic duct
connecting to this via the input unit 42.

[0065] First, in the step ST10, data for scout images includ-
ing the heart of the object are acquired, and the scout images
are generated. The scout images are, for example, three cross-
sectional images: an axial cross-sectional image, a coronal
cross-sectional image and a sagittal cross-sectional image.
These scout images are displayed on the display unit 43. An
operator determines a three-dimensional FOV (Field of View)
covering the entirety of the heart, with reference to the scout
images displayed on the display unit 43. Then, the operator
sets imaging conditions for imaging a plurality of slices
(multi-slice) of axial cross-sectional images covering the
entirety of the heart on the imaging condition setting unit 116
for acquiring 3D data, via the input unit 42.

[0066] Imaging of the object is performed in accordance
with these imaging conditions, and thereby multi-slice axial
cross-sectional images covering the entirety of the heart, i.e.
three-dimensional cardiac data are acquired (in the step
ST12).

[0067] The left side of FIG. 5 is a chart indicating the
acquired multi-slice axial cross-sectional images (three-di-
mensional data). When the resolution of the axial cross-sec-
tions 1s different from the resolution given by the slice interval
of these axial cross-sections, isotropic processing with the use
of interpolation processing or the like is performed so as to
uniformize the intervals between the respective voxels and
thereby isotropic three-dimensional data are generated as
shown in the right side of FIG. 5 (in the step ST14).

[0068] Next, in the step ST16, the characteristic region
detecting unit 104 detects positions of at least three anatomi-
cally characteristic regions inside the heart from the three-
dimensional data generated in the step ST14.

[0069] More specifically, when the observation regions are
the aortic valve and the aortic duct connecting to this, the
characteristic region detecting unit 104 detects the respective
positions of the mitral valve, the left ventricular apex and the
aortic valve from the three-dimensional data. In the positional
detection of them, for example, a method based on a machine
learning technique described in “Automatic slice alignment
method for cardiac magnetic resonance imaging”, Magn
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Reson Mater Phy DOI: 10.1007/s10334-012-0361-4, by S.
Nitta, T. Taguchi, N. Matsumoto, S. Kuhara, K. Yokoyama, R.
Ishimura, T. Nitatori, (2013) may be used. Alternatively, a
template matching method may be used.

[0070] Instead ofthe methodbased on the machine learning
technique or in addition to this, the positional detection of the
anatomically characteristic regions may be performed by
using a template matching method. For example, accuracy of
the positional detection may be improved by (a) detecting the
respective center positions of the mitral valve, the left ven-
tricular apex and the aortic valve under the method based on
the machine learning technique and then (b) performing the
template matching on the regions adjacent to the detected
center positions.

[0071] Inthe step ST18 of FIG. 4, based on the determined
positions of the three anatomically characteristic regions (the
mitral valve, the left ventricular apex and the aortic valve), the
reference plane passing through these three positions is deter-
mined.

[0072] As shown in the left part of FIG. 6, if the respective
center positions of the mitral valve, the left ventricular apex
and the aortic valve are determined in the step ST16, the
cross-section passing through these three positions can be
determined (in the step ST18:; see the right part of FIG. 6).
Because an imaged picture of the cross-section passing
through the respective center positions of the mitral valve, the
left ventricular apex and the aortic valve can satisfactorily
depict the left ventricle, the left atrium and the left ventricular
outflow tract, it is called a three-chamber long axis plane (or
three-chamber plane). The three-chamber long axis plane is a
cross-section which includes the long axis and passes through
the center of the aortic valve.

[0073] Conventionally, in order to determine the three-
chamber long axis plane, the position of the vertical long axis
plane is determined from multi-slice axial cross-sectional
images (three-dimensional data), then the position of the hori-
zontal long axis plane is determined from the vertical long
axis view imaged at the determined position of the vertical
long axis plane, then the position of the short axis plane is
determined from the horizontal long axis view imaged at the
determined position of the horizontal long axis plane, and the
chain oblique technique is sequentially continued in this man-
ner so as to determine the three-chamber long axis plane in its
final phase.

[0074] Therefore, in the conventional technology, errors
are accumulated because the positional error of the previously
determined cross-section influences the position of the sub-
sequently determined cross-section, and accordingly wide
experience and highly advanced skills in positioning opera-
tion have been required for an operator in order to secure
accuracy of setting the position of the three-chamber long
axis plane.

[0075] In contrast, in the present embodiment, the three
center positions of the mitral valve, the left ventricular apex
and the aortic valve are automatically detected and the three-
chamber long axis plane can be determined directly from
these three positions. Therefore, determination of the three-
chamber long axis plane can be performed in an extremely
short time and the three-chamber long axis plane can be
determined with high positional accuracy, without relying on
highly advanced skills of an operator.

[0076] Next, in the step ST20 of FIG. 4, an axis, which is
substantially in parallel with the wall surface of the aortic duct
and passes through the center of the aortic valve in the three-
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chamber long axis plane determined in the above manner, is
determined as the reference axis. This reference axis is equal
to the central axis of the aortic duct.

[0077] FIG. 7 is a detailed flowchart showing the process-
ing of the step ST20 in FIG. 4 with a more detailed example.
The detailed example of determining the reference axis (cen-
tral axis of the aortic duct) in the three-chamber long axis
plane will be explained with reference to the flowchart of FIG.
7 and FIG. 8 to FIG. 11. Each of the following steps is
processing within the three-chamber long axis plane. In addi-
tion, FIG. 9 is a chart obtained by schematically magnifying
the vicinity of the later-described region of interest S(0) in
FIG. 8.

[0078] First, a straight line, which passes through the center
of the mitral valve and is orthogonal to the long axis, is set as
areference line 1a (in the step ST200). The reference line 1a
is required to merely become orthogonal to the long axis in
the three-chamber long axis plane, and it does not necessarily
need to pass through the center of the mitral valve. However,
the straight line, which passes through the center of the mitral
valve and is orthogonal to the long axis, is explained as the
reference line 1a in the following.

[0079] Next, a straight line, which passes through the cen-
ter of the aortic valve and the approximate center of the aortic
duct, is set as a reference line 14 (in the step ST202). Then, the
angle between the reference line 1a and the reference line 15
is defined as 6(deg), in the step ST204. The reference line 12
at this phase is not perfectly the center of the duct but may be
a straight line passing through an approximate center of the
duct. In addition, the angle 0 is a parameter to be determined
to be an optimum value by being subjected to processing of
the following steps, and the initial value of the angle 0 can be
preliminarily selected on the basis of the average value
obtained from data of the past medical cases

[0080] Next, a straight line, which passes through the inter-
section of the reference line 1¢ and the reference line 15 and
is orthogonal to the reference line 15, is defined as a reference
line 1¢ (in the step ST206). Incidentally, setting of the refer-
ence line 1¢ may be omitted.

[0081] Next, the region, whose approximate center is the
reference line 15 and which includes the front and back of the
aortic valve and the wall of the aortic duct, is defined as a
region of interest S(0) (in the step ST208). The position, the
size or the like of the region of interest S(0) may be prelimi-
narily set based on the average value, standard deviation and
s0 on obtained from data of many medical cases. The region
of interest S(0) is determined so as to become a small region
including the area of the aortic duct out of the entire cardiac
region.

[0082] Next, on the basis of the image (FIG. 10A) indicat-
ing the pixel value I(x, y) at each of the pixel positions (X, y)
in the region of interest S(0), an image (FIG. 10B) of a
gradient direction Idir(x, y) which indicates a direction of a
gradient of the pixel value I(x, y) at each of the pixel positions
(X, y), and further, an image (FIG. 10C)) of a gradient mag-
nitude Igrad(x, y) which indicates a magnitude of the gradient
ofthe pixel value I(x, y) at each of the pixel positions (x,y) are
calculated in the step ST210. In other words, if the gradient of
the pixel value I(x, v) at each of the pixel positions(x, y) is
expressed by a vector, the direction (angle (deg)) of this
vector is equal to the gradient direction Idir(x, y) and the
magnitude of this vector is equal to the magnitude Igrad(x, y)
of the gradient. These are calculated in the step ST210.
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[0083] Next, on the basis of the image indicating the gra-
dient direction Idir(x, y) and the image indicating the magni-
tude Tgrad(x, y) of the gradient, for example, the evaluation
function E(8) expressed by the following equation (1) is
calculated in the step ST212 of FIG. 7 (see FIG. 11).

E(6)=2Igrad(x, y)*[cos {2*(Idir(x, y)-(8+90°))}]

[0084] Intheequation (1),a function f(x,y, 0) expressed by
[cos {2*(Idir(x, y)-(6+90°)))}] is a function that reaches the
maximum value “1” when the direction of duct axis 0 is
orthogonal to the gradient direction Idir(x, y). In addition, the
evaluation function E(0) is obtained by, first, weighting the
function {(x, y, 0) with the gradient magnitude I grad(x, y) per
pixel position (x, y), and then, taking the summation of the
weighted function within the region of interest S(8).

[0085] As shown in the bottom part of FIG. 11, this evalu-
ation function E(6) takes the maximum value under the con-
dition where the direction of duct axis 8 is orthogonal to the
gradient direction of each of the pixel values within the region
of interest S(8) (in particular, the gradient direction of each of
the pixel value in the vicinity of the mutually adjacent area
between the duct wall and blood), when viewing the duct
inside the region of interest S(8) as a whole.

[0086] The direction 8 at which the evaluation function
E(0) reach the maximum value s the optimal direction of duct
axis Qopt. In other words, such a direction of duct axis 6 that
can be regarded as parallel with the direction along the duct
wall as a whole can be determined as the optimal direction of
duct axis Oopt (in the step ST214).

[0087] Specifically, the optimal direction of duct axis 6opt
maximizing the evaluation function E(8) is determined by
repeating the processing of the step ST204 to the step ST212
with the use of the direction of duct axis 8 as a parameter.
[0088] On the basis of the optimal direction of duct axis
Bopt determined in the above manner, the central axis of the
aortic duct (i.e. the reference axis which passes through the
center of the aortic valve and is substantially in parallel with
the wall surface of the aortic duct) can be determined in the
step ST216.

[0089] Incidentally, the aforementioned processing of the
step ST18 and the step ST20 in FIG. 4 and the step ST200 to
the step ST216 in FIG. 7 is performed by the reference plane/
reference axis determining unit 106 shown in FIG. 2.

[0090] Returning to FIG. 4, in the next step ST22, a cross-
section, which is orthogonal to the determined reference axis
(central axis of the aortic duct) and passes through the central
position of the aortic valve, is determined as a imaging cross-
section of the aortic valve, as shown in FIG. 12(a). The
processing of step ST22 is performed by the imaging cross-
section determining unit 108 shown in FIG. 2. The imaging
cross-section of the aortic valve determined in the above
manner can precisely depict the shape and its dynamic change
of the aortic valve as a picture imaged not from an oblique
angle but from the front angle, because this imaging cross-
section passes through the central position of the aortic valve
and is in parallel with a transverse section of the aortic valve
(i.e. a cross-section orthogonal to the aortic duct).

[0091] Incidentally, the imaging cross-section of the aortic
valve does not necessarily need to be accurately orthogonal to
the reference axis (central axis of the aortic duct), but they
may be substantially orthogonal to each other. In other words,
they may slightly deviate from the perfect orthogonality to the
extent that is allowable when diagnosing the shape and
dynamic change of the aortic valve.

equation (1)
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[0092] The positional information of the imaging cross-
section of the aortic valve determined by the imaging cross-
section determining unit 108 is transmitted to the imaging
condition setting unit 110 for acquiring cross-sectional
images in FIG. 2. Imaging conditions such as an imaging
method of the aortic valve, imaging parameters, in addition to
the above positional information of the imaging cross-section
of the aortic valve are inputted to the imaging condition
setting unit 110 for acquiring cross-sectional images. These
imaging conditions are transmitted to the sequence controller
34, and imaging of the aortic valve is performed (in the step
ST24).

[0093] As to the imaging method for the aortic valve, it is
not limited to a specified method but various types of imaging
methods including imaging methods for still images and
imaging methods for moving pictures can be used. When a
fast imaging method of FE (Field Echo) type or a cine imag-
ing method under SSFP (Steady State Free Precession) tech-
niqueis performed for the aortic valve, useful information not
only on diagnosis relevant to the shape of the aortic valve but
also on the function of the aortic valve can be obtained. This
is because the dynamic behavior of the aorta can be precisely
observed from adirection perpendicular to the aortic valve, as
schematically illustrated in FIG. 12B.

[0094] Intheabove explanation, a cross-section passing the
center of the aortic valve is determined as the imaging cross-
section. However, one or a plurality of cross-sections, that are
orthogonal to the central axis of the aortic duct and are
slightly separated from, in the central axis of the aortic duct
direction, the center of the aortic valve in the vicinity of the
aortic valve, may be further determined as the imaging cross-
sections. As to how far the imaging cross-section to be deter-
mined is separated from the center of the aortic valve, it may
be determined on the basis of data of many past medical cases.
[0095] The step ST22 and ST24 in FIG. 4 are steps for
determining the imaging cross-section for imaging the aortic
valve itself and imaging it.

[0096] In contrast, the step ST26 and ST28 are steps for
determining the imaging cross-section for imaging the trans-
verse section of the left ventricular outflow tract or the aortic
duct connected to the aortic valve and imaging it.

[0097] In the step ST26, the imaging cross-section deter-
mining unit 108 determines the cross-section, which is
orthogonal to the reference axis (central axis of the aortic
duct) determined in the step ST20 and passes through at least
one position of the front side and the back side of the aortic
valve, as the imaging cross-section of the aortic duct or the
left ventricular outflow tract. As illustrated in FIG. 13A, one
cross-section at the downstream side of the aortic valve may
be determined as the imaging cross-section. Alternatively,
one cross-section at the upstream side of the aortic valve may
be determined as the imaging cross-section. Further alterna-
tively, both cross-sections at the upstream side and the down-
stream side of the aortic valve or a plurality of cross-sections
including both the upstream side and the downstream side of
the aortic valve may be determined as the imaging cross-
sections.

[0098] Then, in the step ST28, the transverse section of the
aortic duct or the left ventricular outflow tract is imaged at the
determined imaging cross-section. As to imaging methods of
these transverse sections, for example, an imaging method
capable of acquiring blood flow velocity information such as
a PC (Phase Contrast) technique can be used. The positional
information of the imaging cross-section(s) of the aortic duct
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or the left ventricular outflow tract determined by the imaging
cross-section determining unit 108 is transmitted to the imag-
ing condition setting unit 110 for acquiring cross-sectional
images, and further transmitted to the sequence controller 34
together with the imaging conditions related to the imaging
method such as the PC technique or the like, and then imaging
of transverse sections of the aortic duct is performed.

[0099] FIG. 13B is a chart showing an example of perform-
ing cine imaging on the transverse section of the aortic duct
with the use of the PC technique and imaging blood flow
velocity from the obtained image data. FIG. 13B schemati-
cally shows that the deep color region inside the aortic duct
wall corresponds to a region of a fast blood flow velocity and
the light-colored region corresponds to a region of a slow
blood flow velocity.

[0100] The imaging cross-sections determined in the step
ST26 such as the imaging cross-section of the aortic duct are
cross-sections orthogonal to the central axis of the aortic duct.
Therefore, the velocity of blood flowing inside the aortic duct
can be accurately measured, as compared with a case where
the imaging cross-section is determined obliquely to the cen-
tral axis of the aortic duct.

[0101] Moreover, analysis of blood flow amount is per-
formed in the step ST30 on an as-needed basis. This analysis
is performed by the image analyzing unit 114 in FIG. 2. In the
step ST28, the blood flow velocity inside the aortic duct can
be measured. Meanwhile, square measure of the transverse
section of the flow passage of the aortic duct can be calculated
on the basis of the captured image. Then, blood flow amount
(amount of blood passing per unit time) passing the imaging
cross-section of the aortic duct can be calculated by using the
blood flow velocity inside the aortic duct and the square
measure of the transverse section of the flow passage of the
aortic duct. In setting of a region of interest (or a cross-
section) used for calculating the blood flow velocity and the
blood flow amount, the previously detected position of the
aortic valve can be used.

[0102] Moreover, for example, the blood flow amount of
the flow passage of the upstream side of the aortic valve (left
ventricular outflow tract) and the blood flow amount of the
flow passage of the downstream side of the aortic valve (aortic
duct) can be respectively calculated on the basis of the two
imaging cross-sections sandwiching the aortic valve. Accord-
ingly, symptomatic state such as regurgitation in the aortic
valve can be diagnosed on the basis of behavior of these blood
flow amounts.

[0103] Incidentally, the imaging cross-section of the aortic
duct and the reference axis (central axis of the aortic duct) do
not necessarily need to be strictly orthogonal to each other,
but they may be substantially orthogonal to each other. In
other words, they may deviate from a perfect orthogonal state
within an allowable range of measuring blood flow velocity
and analyzing blood flow amount accurately.

[0104] As mentioned above, according to the magnetic
resonance apparatus 1 of the first embodiment, the amount of
information to be inputted by an operator can be drastically
reduced and complicated operation processes such as the
chain oblique technique can be eliminated. For example,
imaging cross-sections useful for diagnosis of the aortic valve
and kinetic observation of blood inside the aortic duct can be
determined in a short time, by inputting only information that
the observation region is the aorta and the aortic duct.
[0105] Inaddition, positions of imaging cross-sections can
be determined with high accuracy, because accumulation of
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errors like the conventional chain oblique technique in which
a process of imaging and a process of setting a cross-section
are repeated does not occur.

(3) Modified Version of The First Embodiment

[0106] In the aforementioned first embodiment, the mag-
netic resonance imaging apparatus 1 automatically deter-
mines the imaging cross-section of the aortic valve and the
imaging cross-section of the aortic duct in the front and back
of the aortic valve. The same method can be applied to valves
inside the heart other than the aortic valve and bloodstream
ducts connecting to this valve.

[0107] For example, as shown in FIG. 14, the transverse
section of the pulmonary valve can be determined as the
imaging cross-section, in the same method as above. Alter-
natively, the imaging cross-section of the pulmonary artery
duct connecting to the front and back of the pulmonary artery
or the right ventricular outflow tract can be similarly deter-
mined. In this case, the characteristic region detecting unit
104 determines the respective positions of the pulmonary
valve, the tricuspid valve and the right ventricular apex by
using the aforementioned method based on the machine
learning technique or the like in the step ST16 of FIG. 4.
Then, the reference plane/reference axis determining unit 106
determines a cross-section passing through the respective
centers of the pulmonary valve, the tricuspid valve and the
right ventricular apex, as a reference plane instead of the
three-chamber long axis plane in the step ST18. After this, the
reference axis (central axis of the pulmonary artery duct),
which passes through the center of the pulmonary valveand is
in parallel with the wall of the pulmonary artery duct, is
determined within this reference plane. When determining
the central axis of the pulmonary artery duct, a right ventricu-
lar long axis passing through both of the right ventricular apex
and the pulmonary valve, and a reference line 1a orthogonal
to the right ventricular long axis in the reference plane are
used as shown in FIG. 14.

[0108] Then, the cross-section, which is orthogonal to the
central axis of this pulmonary artery duct and passes through
the center of the pulmonary valve, is determined as the imag-
ing cross-section of the pulmonary valve in the way similar to
the step ST22. In addition, the cross-section, which is
orthogonal to the central axis of this pulmonary artery duct
and passes through the front and back of the pulmonary valve,
is determined as the imaging cross-section of the pulmonary
duct in the way similar to the step ST26.

[0109] In addition, as shown in FIG. 15A, the transverse
section of the tricuspid valve can be determined as the imag-
ing cross-section, in the way similar to the first embodiment.
In addition or alternatively, the transverse section of the
bloodstream duct (right ventricular inflow tract) in the
upstream side of the tricuspid valve and the transverse section
of the bloodstream duct in the downstream side of the tricus-
pid valve can be similarly determined as the imaging cross-
sections. In this case, the reference plane is the cross-section
passing through the respective centers of the pulmonary
valve, the tricuspid valve and the right ventricular apex, and
the reference axis (central axis of the right ventricular inflow
tract) is the axis in parallel with the wall of the right ventricu-
lar inflow tract.

[0110] Furthermore, as shown in FIG. 15B, a transverse
section of the mitral valve can be determined as the imaging
cross-section, in the same method as the first embodiment. In
addition or alternatively, the transverse section of the blood-
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stream duct (left ventricular inflow tract) in the upstream side
of the mitral valve and the transverse section of the blood-
stream duct in the downstream side of the mitral valve can be
similarly determined as the imaging cross-section. In this
case, the reference plane is the cross-section (three-chamber
long axis plane) passing through the respective centers of the
mitral valve, the pulmonary valve and the left ventricular
apex, and the reference axis (central axis of the left ventricular
inflow tract) is the axis in parallel with the wall of the left
ventricular inflow tract.

[0111] According to the first embodiment and its modified
embodiments, the imaging cross-sections of the four valves
(the mitral valve, the aortic valve, the pulmonary valve and
the tricuspid valve) inside the heart can be automatically
determined with high positional accuracy in a short time,
without relying on skills of an operator. Accordingly, the first
embodiment and its modified embodiments enable prompt
and appropriate diagnosis of each cardiac valve in terms of
shape and function.

[0112] In addition, velocity information on blood flowing
inside a bloodstream duct and its flow amount can be accu-
rately obtained from image information of the imaging cross-
section perpendicular to the bloodstream path in the front or
back of each valve. As a result, because the flow volume of
blood outflowing from the heart to the lungs and the body of
a patient and the flow volume of blood inflowing from the
lungs and the body to the heart can be analyzed in a short time,
the dynamic behavior of bloodstream of the entire heart can
be precisely diagnosed.

[0113] Incidentally, the positions of the aortic valve and so
on (hereinafter, the four valves inside the heart are collec-
tively referred to as the aortic valve, etc.) changes depending
on time phases of systole and diastole in a precise sense.
Then, in the first embodiment and its modified embodiments,
for example, three-dimensional data are acquired by perform-
ing multi-slice imaging at the time phase with comparatively
little movement such as diastole. After this, images of the
aortic valve, etc. can be obtained by imaging the aortic valve
at the imaging cross-section in the vicinity of the aortic valve,
etc. in addition to imaging the imaging cross-sections of each
central position of the aortic valve, etc. determined based on
these three-dimensional data, even if its position changes
depending on time phase.

(4) The Second Embodiment

[0114] In contrast, in the second embodiment, each central
position of the aortic valve, etc. changing depending on time
phase is preliminarily calculated per time phase, and each
position of the imaging cross-section passing through each
center of the aortic valve, etc. is preliminarily determined so
as to be associated with time phase. Then, when cine imaging
is performed on the aortic valve, etc., imaging is performed at
the position of the imaging cross-section associated with the
time phase, which is determined by electrocardiographic syn-
chronization signals such as R-wave or the like. According to
this method, imaging at each time phase can be performed at
the cross-section passing through the center of the aortic
valve, etc., even if the position of the aortic valve, etc. changes
depending on time phase.

[0115] Incidentally, the structure ofthe magnetic resonance
apparatus of the second embodiment is basically the same as
that of the first embodiment (see FIG. 1 and FIG. 2).

[0116] FIG. 16 is a diagram showing the general outline of
operation of the second embodiment. In the second embodi-
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ment, multi-slice imaging is performed on the heart at a
plurality of time phases, and thereby three-dimensional data
per time phase are generated by the 3D data generation unit
102. Then, the characteristic region detecting unit 104 detects
positions of a plurality of characteristic regions of the mitral
valve, the left ventricular apex and the aortic valve, etc. per
time phase from these three-dimensional data per time phase.
Afterthis, the reference plane/reference axis determining unit
106 determines the reference plane and the reference axis per
time phase. In addition, the imaging cross-section determin-
ing unit 108 determines the imaging cross-section of the
aortic valve, etc. per time phase, on the basis of the reference
plane and the reference axis determined per time phase. The
methods of determining the reference plane and the reference
axis and the methods of determining imaging cross-sections
of the aortic valve, etc. are similar to the method of the first
embodiment.

[0117] Then, cine imaging on the aortic valve, etc. is per-
formed at each imaging cross-section determined per time
phase. According to the second embodiment, because the
position ofeach imaging cross-section of the aortic valve, etc.
tracks the central position of each of the aortic valve, etc.
which change depending on time phase (i.e. the position of
each imaging cross-section varies in accordance with the
moving central position), images that precisely depict the
central position of the aortic valve, etc. can be obtained.
[0118] Incidentally, when the direction of each of the imag-
ing cross-sections (or the direction of the normal vector of
each of the imaging cross-sections) is firstly set so as to be
aligned in a direction of the imaging cross-section of any one
of time phases in determination of the imaging cross-section
at each time phase, then only the offset position of the imag-
ing cross-section (the position along the central axis direction
of the aortic duct) may be adjusted to track the central position
of each of the aortic valve, depending on the time phases.

(5) The Third Embodiment

[0119] FIG. 17 is a diagram showing the general outline of
operation of the third embodiment. The structure of the mag-
netic resonance apparatus of the third embodiment is the
same as that of the first embodiment and the second embodi-
ment.

[0120] Inthe third embodiment, multi-slice imaging is per-
formed on the heart at one time phase, for example, at a time
phase of diastole with little movement, and the 3D data gen-
eration unit 102 generates one set of three-dimensional data
corresponding to this one time phase. Then, the characteristic
region detecting unit 104 detects positions of characteristic
regions from the one set of three-dimensional data, and the
reference plane/reference axis determining unit 106 deter-
mines one reference plane on the basis of the detected char-
acteristic regions. For example, in the case of imaging the
aortic valve, positions of the three characteristic regions (i.e.,
the aortic valve, the mitral valve and the left ventricular apex)
are detected and a cross-section (three-chamber long axis
plane) passing through these three characteristic regions is
determined as a reference plane. The processing up to this
determination is basically the same as the first embodiment
and corresponds to the step ST10 to step ST18 in FIG. 4.
However, in the third embodiment, the subsequent processing
is different from the first embodiment.

[0121] In the third embodiment, two-dimensional imaging
is performed on the determined reference plane (three-cham-
ber long axis plane) at a plurality of time phases. Then, the
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characteristic region detecting unit 104 detects the central
position of the aortic valve per time phase from the two-
dimensional images obtained per time phase. In addition, the
reference plane/reference axis determining unit 106 deter-
mines the central axis of the aortic duct per time phase.
Moreover, the imaging cross-section determining unit 108
determines the imaging cross-sections which respectively
correspond to the respective time phases during imaging.
After this, cine imaging is performed on the aortic valve, etc.
at the imaging cross-sections determined per time phase.
[0122] In the third embodiment, similarly to the second
embodiment, imaging can be performed so as to follow the
central position of the aortic valve, etc., even if the central
positions vary depending on time phase, resulting that images
in which each central position of the aortic valve, etc. is
precisely depicted can be obtained. In addition, because
images for determining imaging positions per time phase in
the third embodiment are obtained not from the three-dimen-
sional images like the second embodiment but from the two-
dimensional images, imaging time and image processing
time for determining imaging positions per time phase can be
shortened in the third embodiment.

[0123] Incidentally, similarly to the second embodiment,
when the direction of each of the imaging cross-sections (or
the direction of the normal vector of each of the imaging
cross-sections) s firstly set so as to be aligned in a direction of
the imaging cross-section of any one of time phases in deter-
mination of the imaging cross-section at each time phase,
then only the offset position of the imaging cross-section (the
position along the central axis direction of the aortic duct)
may be adjusted to track the central position of each of the
aortic valve, depending on the time phases.

[0124] As described above, according to the magnetic reso-
nance apparatus 1 of each embodiment, in addition to the
well-known six reference planes, cross-sections useful for
cardiac diagnosis such as a cross-section appropriate for
kinetic observation of the aortic valve, a transverse section of
a bloodstream duct appropriate for understanding cardiac
hemodynamics and so on can be determined automatically
and accurately in a short time without relying on experience
and skills of an operator.

[0125] So far, technology of automatically setting trans-
verse sections of bloodstream ducts such as an aorta and
pulmonary artery, transverse sections at positions of theaortic
valve and the pulmonary valve has been explained. However,
the applicability of the technology of each of the aforemen-
tioned embodiments is not limited to the above. For example,
the technology of the aforementioned embodiments can be
applied to a tubular structure like the intestines. For example,
the magnetic resonance apparatus 1 of the above embodi-
ments can be constituted so as to (a) detect specified charac-
teristic regions inside the tubular structure, (b) calculate the
central axis of the tubular structure base on evaluation with
the use of the positions of the characteristic regions and the
gradient of pixel values of three-dimensional data of the tubu-
lar structure, (c) identify the cross-sectional position of the
cross-section orthogonal to this central axis, and (d) image the
cross-section at the specified cross-sectional position.
[0126] 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 methods and systems described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the meth-
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ods and systems described herein may be made without
departing 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 apparatus comprising;
a gantry which includes a static field magnet, a gradient
coil and an RF coil to image an object;
processing circuitry; and
a memory that stores processor-executable instructions
that, when executed by the processing circuitry, cause
the p processing circuitry to
detect at least one position of an aortic valve and a pulmo-
nary valve from three-dimensional image data including
aheart of the object, as at least one characteristic region
inside the heart,
specify a position of an imaging cross-section substantially
orthogonal to a bloodstream path inside the heart based
on the position of the aortic valve or the pulmonary
valve, and
cause the gantry to image the imaging cross-section of the
object at the specified position of the imaging cross-
section.
2. The apparatus according to claim 1,
wherein the imaging cross-section substantially orthogo-
nal to the bloodstream path inside the heart is a trans-
verse section of a predetermined valve, a transverse sec-
tion in a vicinity of the predetermined valve or a
transverse section of a bloodstream duct connected to
the predetermined valve.
3. The apparatus according to claim 2,
wherein the processing circuitry is caused to
detect positions of at least three anatomical characteris-
tic regions, and
determine a cross-section including the positions of the
three anatomical characteristic regions as a reference
plane, and to specify a position of a cross-section
substantially orthogonal to a reference axis included
in the reference plane as the position of the imaging
cross-section.
4. The apparatus according to claim 3,
wherein the processing circuitry is caused to
determine a central axis of the bloodstream duct passing
through a position of the predetermined valve, and
set a central axis of the bloodstream duct as the reference
axis.
5. The apparatus according to claim 4,
wherein the processing circuitry is caused to
calculate a gradient of pixel values of a region including
awall of the bloodstream duct based on image data of
the reference plane, and
determine an inclination of the central axis of the blood-
stream duct so that a direction of the central axis of the
bloodstream duct becomes substantially orthogonal
to a direction of the gradient of pixel values.
6. The apparatus according to claim 3,
wherein the reference plane is a three-chamber long axis
plane passing through a mitral valve, a left ventricular
apex and an aortic valve;
the predetermined valve is the aortic valve; and
the bloodstream duct is an aortic duct connected to the
aortic valve.
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7. The apparatus according to claim 3,

wherein the reference plane is a cross-section passing
through a pulmonary valve, a tricuspid valve and a right
ventricular apex,

the predetermined valve is the pulmonary valve, and

the bloodstream duct is a pulmonary artery duct connected
to the pulmonary valve.

8. The apparatus according to claim 3,

wherein the reference plane is a three-chamber long axis
plane passing through a mitral valve, a left ventricular
apex and an aortic valve,

the predetermined valve is the mitral valve, and

the bloodstream duct is connected to the mitral valve.

9. The apparatus according to claim 3,

wherein the reference plane is a cross-section passing
through a pulmonary valve, a tricuspid valve and a right
ventricular apex,

the predetermined valve is the tricuspid valve, and

the bloodstream duct is connected to the tricuspid valve.

10. The apparatus according to claim 3,

wherein the processing circuitry is caused to detect the
positions of the at least three anatomically characteristic
regions by using a method based on machine learning.

11. The apparatus according to claim 10,

wherein the processing circuitry is caused to detect the
positions of the at least three anatomically characteristic
regions by using a method based on template matching.

12. The apparatus according to claim 2,

wherein the processing circuitry is caused to cause the
gantry to perform cine imaging on the imaging cross-
section including the transverse section of the predeter-
mined valve or the transverse section in the vicinity of
the predetermined valve.

13. The apparatus according to claim 12,

wherein the processing circuitry is caused to cause the
gantry to perform the cine imaging based on an imaging
technique of FE (Field Echo) type or SSFP (Steady State
Free Precession).

14. The apparatus according to claim 2,

wherein the processing circuitry is caused to cause the
gantry to perform imaging on the imaging cross-section
including the transverse section of a bloodstream duct
connected to the predetermined valve, by using an imag-
ing technique capable of acquiring information on blood
flow velocity.

15. The apparatus according to claim 14,

wherein the imaging technique capable of acquiring infor-
mation on blood flow velocity is a phase contrast tech-
nique.

16. The apparatus according to claim 14,

wherein the processing circuitry is caused to analyze car-
diac hemodynamics including analysis of blood flow
amount, base on the information on blood flow velocity
and information on a diameter size of the bloodstream
duct.

17. The apparatus according to claim 1,

wherein the three-dimensional data include plural sets of
three-dimensional data generated from magnetic reso-
nance signals respectively acquired at different cardiac
time phases so that each of the plural sets corresponds to
each of the different cardiac time phases; and
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wherein the processing circuitry is caused to
detect positions of a plurality of anatomically charactet-
istic regions inside the heart from the plural sets of
three-dimensional data per cardiac time phase,
specify imaging cross-sections per cardiac time phase;
and
cause the gantry to image the imaging cross-sections
specified per cardiac time phase.
18. A magnetic resonance imaging method comprising:
detecting at least one position of an aortic valve and a
pulmonary valve from three-dimensional image data
including a heart of the object, as at least one charactet-
istic region inside the heart,
specifying a position of an imaging cross-section substan-
tially orthogonal to a bloodstream path inside the heart
based on the position of the aortic valve or the pulmo-
nary valve, and
imaging the imaging cross-section of the object at the
specified position of the imaging cross-section.
19. A magnetic resonance imaging apparatus comprising:
a gantry which includes a static field magnet, a gradient
coil and an RF coil to image an object;
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processing circuitry; and

a memory that stores processor-executable instructions
that, when executed by the processing circuitry, cause
the processing circuitry to

detect at least one characteristic region from three-dimen-
sional data including a tubular structure of an object,

calculate a central axis of the tubular structure based on
evaluation by using a position of the characteristic
region and a gradient of pixel values of the three-dimen-
sional data, and to specify a position of an imaging
cross-section orthogonal to the central axis, and

cause the gantry to image the imaging cross-section of the
object at the specified position of the imaging cross-
section.

20. The magnetic resonance imaging apparatus according

to claim 19,

wherein the processing circuitry is caused to calculate the
central axis by using an evaluation function taking an
maximum value when a gradient direction ofa duct wall
of the tubular structure is orthogonal to the central axis.
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