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MAGNETIC RESONANCE IMAGING
APPARATUS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2010-029049,
filed on Feb. 12, 2010; and Japanese Patent Application No.

2011-024332, filed on Feb. 7, 2011, the entire contents of
which are icorporated herein by reference.

FIELD

Embodiments described herein relate to a magnetic reso-
nance imaging (MRI) apparatus.

BACKGROUND

An MRI apparatus 1s an apparatus which magnetically
excites nuclear spins 1n a subject placed 1n a static magnetic
field, with the use of a Radio Frequency (RF) pulse having
Larmor frequency, and then reconstructs an image showing
internal structures of the subject based on magnetic reso-
nance signals generated by the excitation. In the related art,
there 1s a method of 1maging blood flow by using the MRI
apparatus (for example, refer to IJP-A 2009-56072
(KOKATI)).

For example, there 1s an Arternial Spin Labeling (ASL) as
an example of a method of 1maging blood flow 1n a non-
contrast-enhanced manner (for example, refer to (1) Edel-
mann R R at al., Radiology 192: 513-519 (1994); (2)
KIMURA Tokunori, “non-invasive blood row imaging
according to Modified STAR using asymmetric mnversion

slabs (ASTAR) method” Journal of Japanese Society of
Magnetic Resonance in Medicine, 2001, 20 (8), 374-385; (3)
Kwong K K, Chester D A, koff R M, Donahue K M, et al.,
“MR perfusion studies with T1-weighted echo planar imag-
ing”, MRM (Mag. Reson. Med), 34: 878-887 (1995); (4)
Dixon W T et al., MRM, 18: 257 (1991); and (35) Non-
enhanced Time-Resolved MRA using Inflow Arterial Spin
Labeling, 2009 ISMRM, pp 3486). In general, 1n the ASL,
the MRI apparatus generates an 1mage of only blood flow
components, where stationary tissues are erased, by gener-
ating subtraction 1mages between tag 1mages obtained 1n a
tag mode and control images obtained 1n a control mode.
The tag mode referred herein 1s, for example, an 1maging,
mode of applying an RF wave to an upstream portion of the
artery passing through an imaging area to impart a label
referred to as a tag to blood being flown into the 1imaging
area and, and performing 1maging after a lapse of an
inversion time (11) after a predetermined label after appli-
cation of the RF wave. In addition, the control mode 1s an
imaging mode of, after a lapse of a predetermined TI,
performing the magnetic resonance data collection without
performing the tfluid labeling through application of the RF
wave to the upstream portion of the imaging area. In other
words, the control mode 1s the 1maging mode other than the
tag mode among non-contrast-enhanced MRA (MR Angiog-
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2

raphy) imaging modes. As the control mode, there are, for
example, a control mode of performing non-contrast-en-
hanced 1maging, without performing imparting a tag to a
fluid, a control mode of imparting a tag to a fluid 1n an
imaging area, a control mode of imparting a tag to a flmd 1n
a downstream portion of the imaging area, or the like.

In addition, there 1s a method of generating an 1image of
the behavior of a blood flow by repetitively performing ASL
with TI being changed. In this method, the MRI apparatus
generates an 1image pair composed of the tag image and the
control image for each 11 and generates a subtraction image
including only a blood flow component for each TI. Here-
inafter, a method of collecting an 1mage pair composed of a
tag image and a control image for each TI and generating a
subtraction 1mage of each image 1s referred to as an “N-N
subtraction method.”

In addition, there 1s a method of generating an 1mage of
a blood flow by using only the tag image without generating
the subtraction image between the tag image and the control
image. For example, there 1s a method referred as a Multiple
IR (mIR) method (for example, refer to Non-enhanced
Time-Resolved MRA using Intlow Arterial Spin Labeling,
2009 ISMRM, pp 3487; Quantitative Dynamic MR Angiog-
raphy using ASL based True FISP., 2009 ISMRM, pp 3635;
and Man1 S et al., MRM, 37: 898-905 (1997)). In this
method, the MRI apparatus applies an area-selective satu-
ration pulse to the 1imaging area, and after that, an area-non-
selective mversion recovery (IR) pulse several times. Next,
the MRI apparatus generates a blood tlow 1mage, where the
signal intensity 1n the stationary tissue 1s suppressed, by
starting the magnetic resonance data collection at the time
where the longitudinal magnetization of the stationary tissue
1s recovered from a negative value to near zero due to the
longitudinal relaxation. Hereinafter, as an mIR method, a
method of obtaining a blood flow 1mage without generation
ol a subtraction 1mage 1s referred to as an “mlIR subtraction-
less method.”

In addition, a method of simultaneously using the N-N
subtraction method and the mIR method 1s also disclosed
(for example, refer to Man1 S et al., MRM, 37: 898-905
(1997)). In this method, the MRI apparatus generates a tag,
image and a control 1mage by using the mIR method and
generates a subtraction image between the tag image and the
control 1mage. Hereinafter, this method 1s referred to as an
“mIR N-N subtraction method.”

The N-N subtraction method 1s advantageous in that the
stationary tissue can be erased with high accuracy but 1t 1s
problematic 1n that the imaging time 1s long. FIG. 15 15 a
view 1llustrating a change 1n signal 1n association with T1 in
a known N-N subtraction method. In FIG. 15, the longitu-
dinal axis represents a signal intensity (Stag) of a tag image,
and the transverse axis represents T1. As illustrated 1in FIG.
15, 1n the N-N subtraction method, the signal intensity
(Sstationary illustrated 1n FIG. 135) 1n the stationary tissue 1n
the tag 1mage varies according to a change 1n T1. 1n addition,
similarly to the tag image, the signal intensity in the control
image also varies. Therefore, in order to erase the stationary
tissue with high accuracy, it 1s necessary to generate an
image pair composed of a tag image and a control 1image for
cach TI and to generate a subtraction 1mage for each TI.
Accordingly, in the N-N subtraction method, 1t 1s necessary
to perform two times of data collection (the data collection
for the tag image and the data collection for the control
image) for the same TI. As a result, the 1imaging time
Increases.

In addition, in a conventional mIR subtraction-less
method, the imaging time for generating a blood tlow 1mage
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1s relatively short because only the tag image used. How-
ever, this method 1s problematic 1n that 1t 1s diflicult to adjust
the number of applications of the area-non-selective IR
pulse and the timing of starting the data collection 1n order
to erase the stationary tissue with high accuracy. In general,
the stationary tissue in the imaging area includes plural types
of tissues such as fat, cerebrospinal fluid, white matter, and
gray matter. However, the longitudinal relaxation time (11)
indicating a time interval from the time of excitation due to
the application of an RF wave to the time of recovery to a
steady state, 1s different according to the type of tissue.
Therefore, it 1s ditlicult to adjust the number of applications
of the area-non-selective IR pulse and the timing of starting
the data collection so that, for all types of tissues, the time
where the longitudinal magnetization 1s recovered to near
zero 1s coincident with each other. For example, in the case
where the number of applications of the area-non-selective
IR pulse 1s set to two, the tissue such as fat, of which the T1
value 1s short, may remain. 1n addition, although the number
of applications of the area-non-selective IR pulse 1s set to
two and the signal intensity of the tissue, of which the T1
value 1s short, may be allowed to be near zero, 1n this case,
the signal 1ntensity of the tissue such as cerebrospinal fluid,
of which the TI value 1s long, cannot be allowed to be near
zero. In addition, although the signal intensity of the plural
types of tissues may be allowed to be near zero by increasing,
the number of applications of the area-non-selective IR
pulse up to three or more, 1n this case, the 1imaging time 1s
increased. In this manner, 1n the mIR subtraction-less
method, although the number of applications of the area-
non-selective IR pulse and the timing of starting the data
collection are adjusted so that the stationary tissue may be
erased with high accuracy, there 1s a limitation in suppress-
ing the background.

In addition, the aforementioned problems occur not only
in the case where the blood flow 1mage 1s 1maged but occur
also 1n the case of mmaging other fluids (for example,
cerebrospinal fluid, or the like).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view 1llustrating the entire configuration of an
MRI apparatus according to a first embodiment;

FIG. 2 1s a functional block diagram illustrating a detailed
configuration of the MRI apparatus according to the first
embodiment;

FIG. 3 1s a flowchart illustrating a blood flow i1mage
generation procedure in a calculation system according to
the first embodiment;

FIG. 4 1s a time chart illustrating an example of an
imaging condition set by an imaging condition setting unit
according to the first embodiment;

FIG. 5 1s a view 1illustrating an example of an application
arca and an 1imaging area for each pulse 1llustrated in FIG.
4;

FIG. 6 1s a view 1illustrating a time change of a longitu-
dinal magnetization before and after application of a satu-
ration pulse and an area-non-selective IR pulse illustrated in
FIG. 4;

FIG. 7 1s a view for explaiming a reference image candi-
date selection performed operation by a reference image
generation unit according to the first embodiment;

FIG. 8 1s a view for explaining a blood flow image
generation operation performed by a blood flow image
generation unit according to the first embodiment;
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FIG. 9 1s a time chart illustrating an example of an
imaging condition set by the imaging condition setting unit
according to a modification of the first embodiment;

FIG. 10 15 a view 1llustrating an example of an application
area and an 1maging area for each pulse 1llustrated 1n FIG.
9.

FIG. 11 1s a flowchart illustrating a blood tflow image
generation procedure 1n a calculation system according to a
second embodiment;

FIG. 12 1s a time chart illustrating an example of an
imaging condition set by an 1maging condition setting unit
according to the second embodiment;

FIG. 13 15 a view illustrating an example of an application
area and an 1maging area for each pulse 1llustrated 1n FIG.
12;

FIG. 14 1s a view illustrating attenuation of a signal
intensity 1 a single tag & multi T1 method according to a
modification of the embodiment; and

FIG. 15 1s a view illustrating a change in signal with
respect to T1 1n a conventional N-N subtraction method.

DETAILED DESCRIPTION

Herematter, embodiments of an MRI apparatus will be
described 1n detail with reference to the accompanying
drawings. In addition, embodiments of the MRI apparatus
are not limited to the below-described ones. For example,
the below-described embodiments refer to only the case of
imaging a blood flow. However, embodiments may be
embodied 1n cases of 1imaging various fluids (for example, a
cerebrospinal fluid, or the like).

The MRI apparatus according to the embodiment includes
a data collection unit, an i1mage reconstruction unit, a
reference 1mage generation unit, and a fluid 1mage genera-
tion unit. The data collection unit applies an RF wave to an
upstream portion of an 1imaging area or applies the RF wave
only to the imaging area, so that a subtraction 1n strength of
a longitudinal magnetization 1s generated between the
upstream portion and the inner portion of the imaging area.
The 1mage reconstruction unit reconstructs a plurality of
label 1mages corresponding to a plurality of different TIs
based on magnetic resonance data collected by the data
collection unit. The reference 1mage generation unit gener-
ates a reference 1mage based on the plurality of the label
images. The fluid 1mage generation unit generates a sub-
traction 1mage between each of the plurality of the label
images and the reference 1image as a tluid 1mage.

Firstly, an embodiment regarding an mIR subtraction-less
method 1s described as a first embodiment. FIG. 1 1s a view
illustrating the entire configuration of an MRI apparatus 110
according to the first embodiment. As 1illustrated in FIG. 1,
an MRI apparatus 100 includes a static magnetic field
magnet 1, a gradient magnetic field coil 2, a gradient
magnetic field power source 3, a bed 4, a bed controller 5,
a transmitting RF coil 6, a transmitter 7, a receiving RF coil
8, areceiver 9, a sequencer 10, an Electrocardiogram (ECG)
sensor 21, an ECG unit 22, and a calculation system 30.

The static magnetic field magnet 1 1s a magnet formed 1n
the shape of a hollow cylinder, which generates a uniform
static magnetic field 1n an 1nner space. As the static magnetic
field magnet 1, for example, a permanent magnet, a super-
conductor magnet, or the like may be used.

The gradient magnetic field coil 2 1s a coil formed 1n the
shape of a hollow cylinder, which 1s disposed inside the
static magnetic field magnet 1. The gradient magnetic field
coil 2 1s formed as a combination of three coils correspond-
ing to the X, Y, and Z axes perpendicular to one other. The




US RE46,567 E

S

three coils are individually applied with currents from the
later-described gradient magnetic field power source 3, so
that gradient magnetic fields of which the magnetic field
intensities are different 1n the X, Y, and 7Z axes can be
generated. In addition, the direction of the Z axis 1s set to be
the same as that of the static magnetic field. The gradient
magnetic field power source 3 supplies the current to the
gradient magnetic field coil 2.

Herein, the gradient magnetic fields in the X, Y, and Z
axes generated by the gradient magnetic field coil 2 corre-
spond to, for example, the slice selection gradient magnetic
field Gs, the phase encoding gradient magnetic field Ge, and
the readout gradient magnetic field Gr. The slice selection
gradient magnetic field Gs 1s used to arbitrarily determine
the 1maging cross-section. The phase encoding gradient
magnetic field Ge 1s used to change the phase of the
magnetic resonance signal according to the spatial position.
The readout gradient magnetic field Gr 1s used to change the
frequency of the magnetic resonance signal according to the
spatial position.

The bed 4 includes a top board 4a on which the subject P
1s mounted. Under the control of the later-described bed
controller 5, 1n the state where the subject P 1s mounted, the
top board 4a 1s inserted into a cavity (1maging entrance) of
the gradient magnetic field coil 2. Typically, the bed 4 1s
disposed 1n a manner such that the longitudinal direction
thereot 1s parallel to the central axis of the static magnetic
field magnet 1. The bed controller S 1s a unit of controlling
the bed 4 under the control of a controller 36. The bed
controller 5 drives the bed 4 and moves the top board 4a 1n
the longitudinal direction and the upward and downward
directions.

The transmitting RF coil 6 1s disposed inside the gradient
magnetic field coil 2 to be supplied with a high frequency
pulse from the transmitter 7 to generate a high frequency
magnetic field. The transmitter 7 transmits a high frequency
pulse corresponding to Larmor frequency to the transmitting,
RF coil 6.

The receiving RF coil 8 1s disposed inside the gradient
magnetic field coil 2 to recetve a magnetic resonance signal
radiated from the subject P due to the influence of the
aforementioned high frequency magnetic field. If the rece1v-
ing RF coil 8 receives the magnetic resonance signal, the
receiving RF coil 8 outputs the magnetic resonance signal to
the recerver 9.

The receiver 9 generates the k-space data based on the
magnetic resonance signal output from the receiving RF coil
8. More specifically, the receiver 9 generates the k-space
data by converting the magnetic resonance signal output
from the receiving RF coil 8 into digital signals. The k-space
data are mapped to information on the spatial frequencies 1n
a Phase Encode (PE) direction, a Read Out (RO) direction,
and a Slice Encode (SE) by the slice selection gradient
magnetic field Gs, the phase encoding gradient magnetic
field Ge, and the readout gradient magnetic field Gr
described above. Next, if the k-space data are generated, the
receiver 9 transmits the k-space data to the sequencer 10.

The sequencer 10 scans the subject P by drniving the
gradient magnetic field power source 3, the transmitter 7,
and the receiver 9 based on the sequence nformation
transmitted from the calculation system 30. Herein, the
sequence mformation denotes mformation defining a proce-
dure for scanning, such as the strength of the power supplied
from the gradient magnetic field power source 3 to the
gradient magnetic field coil 2, the power supply timing, the
strength of the RF signal transmitted from the transmaitter 7
to the transmitting RF coil 6, the RF signal transmission

10

15

20

25

30

35

40

45

50

55

60

65

6

timing, and the timing of detection of the magnetic reso-
nance signal 1n the receiver 9.

In addition, 1f the subject P 1s scanned by driving the
gradient magnetic field power source 3, the transmitter 7,
and as a result, the k-space data are transmitted from the
receiver 9, the sequencer 10 transmits the k-space data to the
calculation system 30.

The ECG sensor 21 1s attached to the surface of the
subject P to detect the ECG signals such heartbeat, pulse
wave, breath, and the like as electrical signals. The ECG unit
22 applies various processes including an A/D conversion
process or a delay process on the ECG signal detected by the
ECG sensor 21 to generate a gate signal and transmits the
generated gate signal to the sequencer 10.

The calculation system 30 performs control of the entire
MRI apparatus 100. For example, the calculation system 30
performs data collection, 1image reconstruction, or the like
by driving the alforementioned components. The calculation
system 30 includes an interface unit 31, an 1mage recon-
struction unit 32, a storage unit 33, an input unit 34, a display
unit 35, and the controller 36.

The interface unit 31 controls transmission and reception
of various signals which are exchanged between the calcu-
lation system 30 and the sequencer 10. For example, the
interface unit 31 transmits the sequence mformation to the
sequencer 10 and receives the k-space data from the
sequencer 10. It the k-space data are received, the interface
unmit 31 stores each of the k-space data for each subject P in
the storage unit 33.

The 1image reconstruction unit 32 applies a post process,
that 1s, a reconstruction process such as Fourier Transform
on the k-space data stored in the storage umit 33 to generate
image data which visualizes an internal portion of the
subject P.

The storage unit 33 stores the k-space data received by the
interface unit 31, the image data generated by the image
reconstruction unit 32, or the like for each subject P.

The 1nput unit 34 receives various commands or infor-
mation input from a manipulator. As the mput unit 34, a
pointing device such as a mouse or a trackball, a selection
device such as a mode conversion switch, or an mput device
such as a keyboard can be appropriately used.

The display unit 35 displays various types of information
such as spectrum data or image data under the control of the
controller 36. As the display unit 35, a display device such
as a liquid crystal display can be used.

The controller 36 includes a Central Processing Unit
(CPU) (not shown), a memory, or the like to perform control
of the entire MRI apparatus 100. More specifically, the
controller 36 controls the scanning by generating the
sequence information based on various commands received
through the mput unit 34 from the manipulator and trans-
mitting the generated sequence information to the sequencer
10 or controls the 1mage reconstruction performed based on
the k-space data as a scanning result transmitted from the
sequencer 10.

Under the configuration, in the MRI apparatus 100
according to the first embodiment, the sequencer 10 repeti-
tively performs the control mode with T1 being changed. In
addition, 1n the first embodiment, the sequencer 10 repeti-
tively performs the control node of applying an RF wave to
an 1maging arca and, after a lapse of a predetermined TI,
performing the magnetic resonance data collection instead
of performing the blood labeling, through application of the
RF wave to an upstream portion of the imaging area, with T1
being changed. In other words, 1n the first embodiment, the
sequencer 10 repetitively performs the imaging mode of
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imparting a tag to blood in the imaging area as the control
mode. Next, the calculation system 30 reconstructs a plu-
rality of the control 1mages corresponding to a plurality of
different TIs based on the magnetic resonance data collected
in the control mode. In addition, the calculation system 30
generates a reference 1mage based on the plurality of the
control 1mages and generates a subtraction 1image between
cach of the control images and the reference image as a
blood flow 1mage.

In other words, the MRI apparatus 100 according to the
first embodiment generates the reference 1image by using the
plurality of the control images generated for the TIs and
generates the subtraction image between the reference image
and each of the control images. In this manner, the method
of generating the subtraction image between each of the
images generated for each 11 and the reference image
selected among the 1mages 1s referred to as an “N-1 sub-
traction method”. According to the N-1 subtraction method,
only the control image 1s used, so that the imaging time 1s
reduced. In addition, by generating the subtraction image,
the signal intensity of the stationary tissue other than the
blood flow can be suppressed with high accuracy. Therelfore,
according to the first embodiment, 1t may be possible to
reduce the 1maging time and generate the blood flow 1mage
where the stationary tissue 1s erased with high accuracy.

Hereinatter, the MRI apparatus 100 according to the first
embodiment 1s described more 1n detail. FIG. 2 1s a func-
tional block diagram illustrating a detailed configuration of
the MRI apparatus 100 according to the first embodiment.
FIG. 2 illustrates the sequencer 10 and the calculation
system 30 1llustrated in FIG. 1. In addition, FI1G. 2 illustrates
the mterface unit 31, the 1mage reconstruction unit 32, the
storage unit 33, the input umt 34, the display unit 35, and the
controller 36 among the functional units of the calculation
system 30.

As 1llustrated 1n FIG. 2, the storage unit 33 includes an
imaging parameter storage unit 33a, a k-space data storage
unit 33b, and an image data storage unit 33c.

The 1maging parameter storage unit 33a stores various
imaging parameters that are necessary in order to set the
imaging condition to obtain the blood flow image. The
k-space data storage umit 33b stores the k-space data
received through the intertace umt 31 from the sequencer 10.
The 1mage data storage unit 33c¢ stores the image recon-
structed from the k-space data by the image reconstruction
unit 32.

In addition, the controller 36 includes an 1maging condi-
tion setting unit 36a, a sequencer controller 36b, a reference
image generation unit 36¢, and a blood flaw 1mage genera-
tion unit 36d.

The 1imaging condition setting unit 36a sets the imaging
condition based on various commands received through the
input unit 34 from the manipulator and the imaging param-
cters stored 1n the 1imaging parameter storage unit 33a.

The sequencer controller 36b generates sequence 1nfor-
mation based on the imaging condition set by the 1maging
condition setting unit 36a and transmits the generated
sequence mformation through the interface unit 31 to the
sequencer 10. In addition, the sequencer controller 36b
stores the k-space data received through the interface unit 31
from the sequencer 10 1n the k-space data storage unit 33b.

The reference 1mage generation unit 36¢ generates a
reference 1mage based on a plurality of the control 1mages
stored 1n the 1image data storage umt 33c¢. For example, the
reference 1mage generation unit 36¢ selects, among the
control images, an 1mage obtained betfore blood 1s flown 1nto
the imaging area or an 1image obtained after magnetization of

10

15

20

25

30

35

40

45

50

55

60

65

8

blood in the imaging area 1s relaxed, and generates the
reference 1mage based on the selected 1mage.

The blood flow 1mage generation unit 36d generates a
subtraction image between each of the control images recon-
structed by the 1mage reconstruction unit 32 and the refer-
ence 1image generated by the reference 1mage generation unit
36¢ as a blood tlow 1mage. In addition, the blood flow 1mage
generation unit 36d displays the generated blood flow
image.

Next, a blood flow 1mage generation procedure in the
MRI apparatus 100 according to the first embodiment 1is
described. FIG. 3 1s a flowchart 1llustrating the blood tlow
image generation procedure in the calculation system 30
according to the first embodiment. As illustrated in FIG. 3,
in the first embodiment, 1f the controller 36 receives an
imaging start command from the manipulator (Yes in Step
S11), the following processes are performed.

First, the 1maging condition setting unmit 36a sets an
imaging condition of repetitively performing the control
mode with T1 being changed (Step S12). In addition, in the
first embodiment, the imaging condition setting unit 36a sets
an 1maging condition of imparting a tag to blood 1n the
imaging area by applying an area-selective saturation pulse
to the 1maging area and by performing data collection after
a lapse of a predetermined T1 from the time of application
of the saturation pulse, as an i1maging condition of the
control mode.

FIG. 4 1s a time chart illustrating an example of an
imaging condition set by the 1maging condition setting unit
36a according to the first embodiment. In addition, FIG. 5 1s
a view 1llustrating an example of an application area and an
imaging area for each pulse illustrated 1n FIG. 4. In addition,
FIG. 6 1s a view 1illustrating a time change of a longitudinal
magnetization before and after the application of a saturation
pulse and an area-non-selective IR pulse illustrated in FIG.
4.

As 1llustrated 1n FIG. 4, for example, the imaging condi-
tion setting unit 36a sets an 1maging condition of repetitively
performing the control mode (control 1llustrated 1n FIG. 4)
for each repetition time Trepeat with T1 being changed 1n the
order of TI1, TI2, TI3, TI4, . . . TIn. At this time, for
example, the 1maging condition setting unit 36a sets the T1
every 100 ms within a range of from about 100 (shortest) to
about 1600 ms.

Next, as 1llustrated 1n FIG. 4, 1n the control mode, first, a
saturation pulse SAT having an area selectivity 1s applied to
the 1imaging area. Herein, the saturation pulse SAT 1s a 90°
pulse. For example, as illustrated 1n FIG. §, 1t 1s assumed that
an 1maging area 41 1s set to a head portion of the subject P.
In addition, the arrow 1llustrated in FIG. 5 represents a blood
flow which 1s being flown into the imaging area 41. In this
case, for example, the saturation pulse SAT 1s applied to an
application area 42 including the imaging area 41. In addi-
tion, the application area 42 of the saturation pulse SAT may
be coincident with the imaging area 41. In addition, the
timing of applying the saturation pulse SAT 1s controlled
based on, for example, a gate signal generated by the ECG
unit 22.

If the saturation pulse SAT 1s applied, the magnetization
vector of the tissue 1included 1n the application area 42 drops
in direction by 90°, so that the longitudinal magnetization
becomes zero. FIG. 6 illustrates a change in longitudinal
magnetization for fat of T1=250 ms, white matter (WM) and
gray matter (GM) of T1=800 ms, cerebrospinal tluid (CSF)
of T1=3000 ms, stationary blood of T1=1200 ms influenced
by the saturation pulse SAT 1n the application area 42, and
inflow blood of T1=1200 ms being flown into the applica-
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tion area 42. In addition, FIG. 6 illustrates the case where
TI1=1200 ms. For example, as illustrated in FIG. 6, if the
saturation pulse SAT 1s applied with TI=0, the longitudinal
magnetization of each tissue becomes zero.

After that, as time elapses, the longitudinal magnetization
of the tissue included 1n the 1imaging area 41 1s recovered
according to T1 of each tissue. Next, at the time preceding
by TlInss1 from the starting of the data collection (imaging,
illustrated 1 FIG. 4), a first area-non-selective IR pulse
nssIR1 1s applied. Herein, the area-non-selective IR pulse
nssIR1 1s a 180° pulse. For example, as 1llustrated 1n FIG. 5,
the area-non-selective IR pulse nssIR1 1s applied to the
imaging area 41 and an application area 43 which includes
the upstream portion of the blood flowing mto the 1maging
arca 41.

Next, 1f the first area-non-selective IR pulse nssIR1 1s
applied, the magnetization vector of the tissue 1n the appli-
cation area 43 1s mnverted by 180° to become a negative
value. For example, as illustrated in FIG. 6, 1f the area-non-
selective IR pulse nssIR1 1s applied at the time preceding by
TInssl from TI1=1200 ms, the longitudinal magnetization
of each tissue 1s mverted to become a negative value.

After that, as time elapses, the longitudinal magnetization
of the tissue included 1in the 1maging area 41 1s recovered
according to T1 of each tissue. Next, at the time preceding
by TlInss2 from the starting of the data collection (1maging,
illustrated 1n FIG. 4), a second area-non-selective IR pulse
nssIR2 1s applied. Herein, the area-non-selective IR pulse
nssIR2 1s a 180° pulse. The area-non-selective IR pulse
nssIR2 1s applied to the application arca 43 illustrated in
FIG. 5 similarly to the first areca-non-selective IR pulse
nssIR1.

Next, 1f the second area-non-selective IR pulse nssIR2 1s
applied, the magnetization vector of the tissue 1n the appli-
cation area 43 1s inverted by 180°. Herein, as 1llustrated 1n
FIG. 6, the TInss2 1s set in a manner such that the area-
non-selective IR pulse nssIR2 can be applied at the time
when the longitudinal magnetization of the blood tflown 1nto
the application area 42 of the saturation pulse SAT has a
negative value and when the longitudinal magnetization of
other tissues of which signals must be suppressed has a
positive value. Therefore, at the time of applying the area-
non-selective IR pulse nssIR2, the longitudinal magnetiza-
tion of the blood flown into the application arca 42 1s
iverted to a positive value, and the longitudinal magneti-
zation of the tissues of which signals must be suppressed 1s
inverted to a negative value.

In addition, as illustrated in FIG. 6, at the time when the
second area-non-selective IR pulse nssIR2 1s applied and
subsequently when the absolute value of the longitudinal
magnetization ol the tissues of which signals must be
suppressed 1s within a range that can be considered to be
near zero, the data collection from the imaging area 41 1s
started. For example, FIG. 6 1llustrates the case where the
timing of starting the data collection 1s set 1n a manner such
that signal intensities 1n white matter and gray matter of
brain are selectively suppressed. In this manner, 1f the timing
of the starting the data collection 1s set such that the signal
intensity 1n the stationary tissue can be suppressed, it may be
possible to obtain the control 1image where the signal inten-
sity 1n the stationary tissue i1s suppressed.

In addition, the first embodiment relates to the case where
the area-non-selective IR pulse 1s applied twice. However,
the area-non-selective IR pulse may be applied once, or
three times or more.

In addition, as the imaging sequence for the data collec-
tion, for example, Steady State Free Precession (SSEP) 1s
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used. Alternatively, Gradient Echo (GRE), Fast Spin Echo
(FSE), Echo Planar Imaging (EPI), or the like may be used.

Returning to the description of FIG. 3, 1f the imaging
condition 1s set by the imaging condition setting unit 36a, the
sequencer controller 36b generates the sequence information
based on the imaging condition and transmits the sequence
information to the sequencer 10. Next, i1 the sequence
information 1s received, the sequencer 10 performs scanning
based on the imaging condition (Step S13). More specifi-
cally, the sequencer 10 repetitively performs the control
mode of applying the area-selective saturation pulse, which
imparts a tag to blood being tflown into the imaging area or
blood 1n the imaging area, and of starting, at time of a lapse
of a predetermined TI, the magnetic resonance data collec-
tion, with the T1 being changed.

Subsequently, the 1mage reconstruction unit 32 recon-
structs a plurality of the control images corresponding to a
plurality of different TIs based on the magnetic resonance
data collected in the control mode (Step S14).

After that, the reference image generation unit 36c¢ selects
reference 1mage candidates among the plurality of the con-
trol 1mages stored i1n the 1image data storage unit 33c (Step
S15). For example, the reference image generation unit 36¢
selects the control image obtained before the inflow of the
blood to the imaging area among the plurality of the control
images reconstructed for each TI. Alternatively, the refer-
ence 1mage generation unit 36¢ selects the control 1image
obtained after the relaxation of magnetization of the blood 1n
the 1maging area among the plurality of the control 1images
reconstructed for each TI.

FIG. 7 1s a view for explaining a reference image candi-
date selection operation performed by the reference image
generation unit 36c according to the first embodiment. FIG.
7 1llustrates a change 1n signal value for a plurality of the
control 1mages reconstructed for each TI. In FIG. 7, the
longitudinal axis represents a signal intensity Stag, and the
transverse axis represents T1.

In addition, the signal value referred herein can be
obtained, for example, by extracting pixels, of which the
pixel value 1s a threshold value or more, from a plurality of
pixels included 1n a control 1mage and by calculating the
average ol the extracted pixel values. Alternatively, the
signal value referred herein may be the average of the pixel
values of pixels included 1n a Region Of Interest (ROI) set
as a vessel portion by a mampulator.

In addition, the threshold wvalue used herein i1s set i1n
advance to a value by which a signal value representing, for
example, air can be erased. Alternatively, for example, a
value of 5% maximum pixel value among the pixel values
of the pixels included 1n the control image for the shortest T1
may be used as the threshold value. In this case, the same
threshold value 1s used for the control 1mages for all the T1s.

Next, for example, the reference 1mage generation unit
36¢ sclects the control 1mages, each exhibiting a difference
in signal intensity, as large as a threshold. value or less, from
the signal intensity of the control image obtained when no
blood flows, among a plurality of the control images. For
example, as illustrated 1n FIG. 7, the control images corre-
sponding to TI=TI1 to TIn are generated. In this case, the
reference 1mage generation unit 36¢ seclects the control
images corresponding to TI=T11, TI2, TIn-1, and TIn as the
candidates of the reference image. In other words, the
reference 1mage generation unit 36¢ selects, as the reference
image, the control image of which the TT 1s sufliciently short
or the control image of which the 11 1s sutliciently long. In
addition, at this time, one candidate of a plurality of refer-
ence 1mage candidates may be selected.
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Returning to the description of FIG. 3, the reference
image generation unit 36¢ selects the candidates of the
reference 1mage, and after that, generates the reference
image from the selected candidates of the reference image
(Step S16). For example, the reference 1mage generation
unit 36c generates an average image of the plurality of the
images selected as the reference 1mage as a reference 1image.
In this manner, by using the average image of the plurality
of the images, 1t may be possible to improve an SN ratio of
the reference image. In addition, in the case where the
reference 1mage generation unit 36¢ selects one image as the
candidate of the reference 1mage, the reference 1mage gen-
eration unit 36c uses the image as the reference image. In
other words, the reference image generation operation
described herein includes a method of generating a reference
image by selecting one 1image from a plurality of images and
a method of directly using one 1mage as the reference 1image.

In addition, the reference 1image generation unit 36¢ may
generate a reference 1mage by using a control 1image exhib-
iting a small difference in signal intensity between a blood
flow portion and a background tissue, among a plurality of
control 1mages.

In addition, herein, the case where the reference 1mage
generation unit 36¢ automatically selects the candidates of
the reference 1mage 1s described. However, for example, the
reference 1mage generation unit 36¢ may receive from a
manipulator an mput as a result of a manipulation of
selecting a control 1image as the candidate of the reference
image among a plurality of control images and generate the
reference 1mage by using the control image selected by the
manipulator. In this case, for example, the reference 1image
generation umt 36¢ allows a plurality of the control images
reconstructed for TIs to be displayed on the display unit 35
and receives from the mampulator an mput as a result of a
manipulation of selecting one control image or a plurality of
control images among the plurality of the displayed control
images. Alternatively, for example, as illustrated 1n FIG. 7,
the reference 1mage generation unit 36¢ displays the infor-
mation indicating the variation of the signal values of the
plurality of the control images reconstructed for each T1 on
the display umit 35. In this case, as the manipulation of
selecting one control 1mage or a plurality of control 1mages,
the reference 1image generation unit 36¢ receives from the
manipulator an input as a result of a manipulation of
selecting one information or a plurality of information
among information on the plurality of the displayed control
1mages.

After that, the blood flow i1mage generation unit 36d
generates the subtraction image between each of the control
images reconstructed by the image reconstruction unit 32
and the reference image generated by the reference image
generation unit 36¢ as a blood tlow 1image (Step S17).

FIG. 8 1s a view for explamning blood flow image gen-
eration performed by the blood flow 1mage generation unit
36d according to the first embodiment. In FIG. 8, the
longitudinal axis represents a signal intensity Ssub in the
subtraction image, and the longitudinal axis represents T1. In
addition, FIG. 8 illustrates the case where an average image
of the control images corresponding to TI=T11, T12, TIn-1,
and TIn 1illustrated 1n FIG. 7 1s generated as the reference
image. In this case, as illustrated in FIG. 8, among the
subtraction 1mages generated by the blood flow image
generation umt 36d, the signal intensities of the subtraction
images corresponding to TI=TI1, TI2, TIn-1, and TIn
become near zero. In other words, in the blood tlow 1mage
generated by the blood flow 1image generation unit 36d, since
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the signal intensity in the stationary tissue becomes near
zero, the stationary tissue can be erased with high accuracy.

Returning to the description of FIG. 3, the blood flow
image generation unit 36d generates the blood tlow 1mage,
and after that, displays the generated blood flow 1mage on
the display unit 35 (Step S18). At this time, for example, the
blood flow 1mage generation unit 36d displays a plurality of
the generated blood tflow 1image as behavior expression on
the display unit 35 1n a cine display format or a parallel
display format.

As described above, in the first embodiment, the
sequencer 10 repetitively performs the control mode of
applying an RF wave to the imaging area and, and after a
lapse of a predetermined TI, performing magnetic resonance
data collection without performing the blood labeling
through application of the RF wave to an upstream portion
of the imaging area, with the IT being changed. Next, the
image reconstruction unit 32 reconstructs a plurality of the
control 1images corresponding to a plurality of different T1s
based on the magnetic resonance data collected in the
control mode. After that, the reference 1image generation unit
36¢ generates a reference image based on the plurality of the
control images. In addition, the blood flow 1mage generation
unit 36d generates a subtraction 1image between each of the
control 1mages and the reference image as a blood tlow
image. Therefore, according to the first embodiment, 1t 1s
possible to reduce the imaging time and to generate the
blood flow 1mage where the stationary tissue 1s erased with
high accuracy.

In addition, in the first embodiment, at the time of
performing the control mode, the sequencer 10 applies a
non-selective mversion recovery pulse to a range including
the 1imaging area and the blood flown into the 1imaging area
so that the magnetic resonance data collection 1s started at
the time when the longitudinal magnetization of at least one
type of tissue among the tissues included in the imaging area
becomes substantially zero. Therefore, according to the first
embodiment, since the control 1mage, of which the signal
intensity in the stationary tissue 1s suppressed, can be
reconstructed, so that it may be possible to generate the
blood flow 1mage where the stationary tissue 1s erased with
higher accuracy.

In addition, 1n the first embodiment, the reference 1mage
generation unit 36c selects among the control 1mages an
image obtained before blood 1s flown 1nto the imaging area
or an 1mage obtained after magnetization of blood 1n the
imaging area 1s relaxed, and generates the reference image
based on the selected image. Therefore, according to the first
embodiment, 1t may be possible to generate the blood tlow
image without a decrease 1n signal intensity in the blood
flow portion.

In addition, in the first embodiment, the reference image
generation unit 36¢ selects a plurality of the images obtained
before blood 1s flown 1nto the 1imaging area or a plurality of
the 1mages obtained after magnetization of blood in the
imaging area 1s relaxed, and generates an average image of
the plurality of the selected 1images as the reference 1image.
Therefore, according to the first embodiment, since the SN
ratio of the reference 1mage can improve, 1t may be possible
to obtain the blood flow 1mage with higher accuracy.

In addition, 1n the first embodiment, the sequencer 10 uses
the SSFP as the imaging sequence for the magnetic reso-
nance data collection. In general, in the SSFP, 1n order to
allow the longitudinal magnetization to be 1n the steady
state, a plurality of dummy pulses needs to be applied at the
starting of the data collection. Therefore, in the SSFP, the T1
or Trepeat 1s increased, so that the imaging time also




US RE46,567 E

13

increases. However, according to the first embodiment, since
the number of dummy pulses can be decreased 1n compari-
son with a conventional mIR subtraction-less method, it may
be possible to obtain the shortest T1 or Trepeat.

In addition, 1n a modified example of the aforementioned
first embodiment, for example, the sequencer 10 may be
configured 1 a manner such that, before the magnetic
resonance data collection 1s started, a saturation pulse 1s
applied to a range including the imaging area. FIG, 9 1s a
time chart illustrating an example of an 1maging condition
set by the imaging condition setting unit 36a according to a
modification of the first embodiment. In addition, FIG. 10 1s
a view 1llustrating an example of an application area and an
imaging area for each pulse illustrated in FIG. 9.

As 1llustrated 1n FIG. 9, for example, the imaging condi-
tion setting unit 36a applies a saturation pulse fat-SAT for
suppressing a signal intensity of fat just before the data
collection (1maging, illustrated in FIG. 9) 1s started. For
example, as 1illustrated in FIG. 10, the saturation pulse
tat-SAT 1s applied to an application area 51 including the
imaging area 41. Therefore, even 1n the case where the T1 1s
allowed to be changed, the signal intensity of the tissues
such as fat, of which the T1 value 1s short, 1s almost constant.
Furthermore, by allowing the blood flow 1mage generation
unit 36d to generate a subtraction 1mage, it may be possible
to erase the signal intensity of the tissue such as fat, of which
the TI value 1s short, with high accuracy.

Next, an mIR N-N subtraction method according to the
second embodiment 1s described. In addition, the configu-
ration of the MRI apparatus according to the second embodi-
ment 1s the same as those illustrated 1n FIGS. 1 and 2.

In the second embodiment, the sequencer 10 repetitively
performs the tag mode of performing fluid labeling of a fluid
flown 1nto the imaging area by applying an RF wave to at
least an upstream portion of the imaging area and, after a
lapse of T1 from application of the RF wave, performing the
magnetic resonance data collection, with the TI being
changed. Next, the calculation system 30 reconstructs a
plurality of the tag images corresponding to a plurality of
different TIs based on the magnetic resonance data collected
in the tag mode. In addition, the calculation system 30
generates a reference image based on the plurality of the tag
images and generates subtraction 1images each between the
reference 1mage and each of the tag images

In addition, 1n the second embodiment, the sequencer 10
performs the control mode of applying an RF wave to an
imaging arca and, after a lapse of TI, performing the
magnetic resonance data collection without performing of
the blood flow labeling through application of the RF wave
to an upstream portion of the imaging area by performance
number smaller than that of the tag mode. In addition, the
calculation system 30 further reconstructs the control
images, ol which the number 1s smaller than that of the tag

images, based on the magnetic resonance data collected 1n
the control mode.

Next, the calculation system 30 generates one reference
image by using the control images, of which the number 1s
smaller than that of the tag 1mages, and generates subtraction
images between the generated reference image and the
plurality of the tag images. In this manner, the method of
generating one reference image from control 1mages, of
which the number 1s smaller than that of tag images, and
generating subtraction images between the tag images and
the reference 1mage 1s referred to as an “N-M collection
N-1 subtraction method.” In addition, N and M are natural
numbers, and 1=sM<N.
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Alternatively, the calculation system 30 generates a plu-
rality of control images for subtraction corresponding to a
plurality of different TIs by using the control images of
which the number 1s smaller than that of the tag images.
Next, the calculation system 30 generates subtraction
images between the tag images and the generated control
images for the TIs. In this manner, a method of generating
the control 1images for subtraction, of which the number 1s
equal to that of the tag images, from the control 1images, of
which the number 1s smaller that that of the tag images, and
generating the subtraction 1images between the tag images
and the generated control images for the TIs 1s referred to as
an “N-M collection N-N subtraction method.”

Hereinatter, a blood flow 1image generation procedure 1n
the MRI apparatus according to the second embodiment 1s
described. FIG. 11 1s a flowchart illustrating the blood tlow
image generation procedure in the calculation system 30
according to the second embodiment. As illustrated 1n FIG.
11, 1n the second embodiment, if the controller 30 receives
an 1maging start command from a mampulator (Yes in Step
S21), the following processes are performed.

First, the 1maging condition setting unit 36a sets an
imaging condition of individually performing the tag mode
and the control mode. In addition, in the second embodi-
ment, the 1imaging condition setting unit 36a sets an 1maging
condition of imparting a tag to blood 1n an area including an
imaging area and an upstream portion of the imaging area by
applying an IR pulse to the area and, after a lapse of a
predetermined TT from application of the IR pulse, perform-
Ing 1maging, as an imaging condition of the tag mode. In
addition, in the second embodiment, the imaging condition
setting unit 36a sets an 1imaging condition of imparting a tag
to blood 1n the 1imaging area by applying an IR pulse to the
imaging area and, after a lapse of a predetermined T1 from
application of a saturation pulse, performing data collection,
as an 1maging condition of the control mode.

In addition, at this time, the 1maging condition setting unit
36a sets the imaging condition so that the tag mode can be
repetitively performed with the TI being changed and the
control mode 1s performed a given number of times that 1s
smaller than the number of performances of the tag mode
(Step S22).

FIG. 12 1s a time chart illustrating an example of the
imaging condition set by an 1maging condition setting unit
36a according to the second embodiment. In addition, FIG.
13 1s a view 1llustrating an example of the application area
and the imaging area for each pulse 1illustrated 1in FIG, 12.

As 1llustrated i FIG. 12, for example, the i1maging
condition setting unit 36a sets an 1maging condition of
repetitively performing the tag mode (tag 1llustrated 1n FIG.
12) for each repetition time Trepeat while changing the T1 1n
the order of TI1, TI2, TI3, TI4, . . . TIn. At this time, the
imaging condition setting unit 36a sets an 1maging condition
for the control mode 1n a manner such that the control mode
1s performed for only some portion of the TIs TI1 to TIn. In
other words, the 1imaging condition setting unit 36a sets the
imaging condition 1n a manner such that the performance
number of the control mode 1s smaller than that of the tag
mode.

In this manner, since the imaging condition setting unit
36a scts the 1maging condition in a manner such that the
control mode 1s performed by the performance number
smaller than that of the tag mode, 1t may be possible to
reduce the 1maging time in comparison with conventional
N-N subtraction method or the mIR N-N subtraction
method where the tag mode and the control mode are
performed for each TI.
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Next, as illustrated 1n FIG. 12, 1n the tag mode, first, a
saturation pulse SAT having an area selectivity 1s applied to
the 1imaging area. Herein, the saturation pulse SAT 1s a 90°
pulse, For example, as illustrated in PIG. 13, 1t 1s assumed
that an 1maging area 61 1s set to a head portion of the subject
P. In addition, the arrow 1llustrated 1n FIG. 13 represents a
blood flow which 1s being flown into the imaging area 61. In
this case, for example, the saturation pulse SAT 1s applied to
an application area 64 including the imaging area 61. In
addition, the application area 64 of the saturation pulse SAT
may be coincident with the imaging area 61. In addition, the
timing of applying the saturation pulse SAT 1s controlled
based on, for example, a gate signal generated by the ECG
unit 22. In addition, the influence of application of the
saturation pulse SAT on tissues 1s the same as that described
in first embodiment, description thereot will not be repeated
herein.

After application of the saturation pulse SAT, an IR pulse
tag IR for the tag mode 1s applied. Herein, the IR pulse tag
IR 15 a 180° pulse. For example, as 1llustrated 1n FIG. 13, the
IR pulse tag IR 1s applied to an application area 63 including
the 1maging area 61 and an upstream portion of the imaging,
area 61. Therefore, the magnetization vector in the tissue
located 1n the application area 63 1s inverted by 180°.

After that, at time preceding by Tlnss1 from the starting
of the data collection (1imaging 1llustrated in FIG. 12), the
first area-non-selective IR pulse nssIR1 1s applied. In addi-
tion, aiter the area-non-selective IR pulse nssIR1 1s applied,
at the time preceding by TInss2 from the starting of the data
collection (imaging illustrated 1n FIG. 12), the second area-
non-selective IR pulse nssIR2 1s applied. Herein, each of the
area-non-selective IR pulses nssIR1 and nssIR2 1s a 180°
pulse. For example, as 1llustrated 1n FIG. 13, the area-non-
selective IR pulses nssIR1 and nssIR2 are applied to an
application area 635 including the imaging area 61 and an
upstream portion of the imaging area 61. In addition, the
influence of application of the area-non-selective IR pulses
nssIR1 and nssIR2 on tissues 1s the same as that described
in first embodiment, description thereot will not be repeated
herein.

Next, similarly to the first embodiment, after the second
arca-non-selective IR pulse nssIR2 1s applied, at the time

when the absolute value of the longitudinal magnetization of

the tissues where signals are suppressed becomes within a
range which the absolute value 1s considered to be near zero,
the data collection from the 1maging area 61 1s started.

On the other hand, in the control mode, as illustrated 1n
FIG. 12, first, an area-selective saturation pulse SAT 1is
applied to the imaging area. Herein, the saturation pulse SAT
1s a 90° pulse. In an example illustrated in FIG. 13, similarly
to the tag mode, for example, the saturation pulse SAT 1s
applied to the application area 64.

After application of the saturation pulse SAT, an IR pulse
control IR for the control mode 1s applied. Herein, the IR
pulse control IR 1s a 180° pulse. For example, as 1llustrated
in FIG. 13, the IR pulse control IR 1s applied to an appli-
cation area 62 including the imaging area 61. Therefore, the
magnetization vector 1n the tissue located 1n the application
area 62 1s inverted by 180°.

After that, at the time preceding by TInssl from the
starting of the data collection (imaging 1illustrated 1n FIG.
12), the first area-non-selective IR pulse nssIR1 1s applied.
In addition, after the area-non-selective IR pulse nssIR1 1s

applied, at the time preceding by TInss2 from the starting of

the data collection (imaging illustrated in FIG. 12), the
second area-non-selective IR pulse nssIR2 1s applied. For
example, as 1llustrated 1n FIG, 13, similarly to the tag mode,
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the area-non-selective IR pulses nssIR1 and nssIR2 are
applied to the application area 65. In addition, the influence
of application of the area-non-selective IR pulses nssIR1 and
nssIR2 on tissues 1s the same as that described in first
embodiment, description thereot will not be repeated herein.

Next, similarly to the first embodiment, after the second
area-non-selective IR pulse nssIR2 1s applied, at the time
when the absolute value of the longitudinal magnetization of
the tissues where signals are suppressed becomes within a
range which the absolute value 1s considered to be near zero,
the data collection from the 1maging area 61 1s started.

In addition, similarly to the first embodiment, as the
imaging sequence for the data collection 1n the tag mode and
the control mode, for example, SSFP (Steady State Free
Precession) 1s used. Alternatively, GRE (Gradient Echo),
FSE (Fast Spin Echo), EPI (Echo Planar Imaging), or the
like may be used.

In addition, 1t 1s preferable that the 1imaging condition
setting unit 36a sets the imaging condition so that the control
mode 1s performed with the same collection condition as the
collection condition used at the time of performing the tag
mode. Therefore, even 1n the case where a fat suppressing
pulse 1s not applied just before the data collection 1s started,
the signal intensity 1n the stationary tissue can be maintained
uniform between the tag mode and the control mode, so that
it 1s possible to erase the stationary tissue with higher
accuracy.

In addition, FIG. 12 illustrates an example where the tag
mode and the control mode are performed for the same TI.
However, for example, the imaging condition setting unit
36a may set the imaging condition so that, after the tag mode
1s performed for all the TIs, the control mode 1s performed
by performance number smaller than that of the tag mode.
Alternatively, on the contrary, the 1maging condition setting
unit 36a may set the imaging condition so that, after the
control mode 1s performed, the tag mode 1s performed.

Returning to the description of FIG. 11, 1f the imaging
condition 1s set by the imaging condition setting unit 36a, the
sequencer controller 36b generates the sequence information
based on the imaging condition and transmits the sequence
information to the sequencer 10. Next, if the sequence
information 1s recerved, the sequencer 10 performs scanning
based on the imaging condition (Step S23). More specifi-
cally, the sequencer 10 repetitively performs the tag mode
with the T1 being changed and performs the control mode by
performance number smaller than that of the tag mode.

Subsequently, the 1mage reconstruction unit 32 recon-
structs a plurality of the tag images corresponding to a
plurality of different TIs based on the magnetic resonance
data collected 1n the tag mode (Step S24). In addition, the
image reconstruction unit 32 reconstructs at least one control
image based on the magnetic resonance data collected 1n the
control mode (Step S25).

After that, similarly to the first embodiment, the reference
image generation unit 36c¢ selects the candidates of the
reference 1image among the plurality of the tag images and
the control images stored 1n the 1mage data storage unit 33c
(Step S26). For example, the reference 1mage generation
unit 36¢ selects among the plurality of the tag images and the
control 1mages an 1mage before blood 1s flown into the
imaging area. Alternatively, the reference 1mage generation
unmit 36¢ selects among the plurality of the tag images
reconstructed for the TIs an 1image after magnetization of
blood 1n the 1maging area 1s relaxed. In addition, at this time,
one candidate of the reference image of a plurality of
candidates of the reference 1image may be selected.
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Returning to the description of FIG. 11, after the reference
image generation unit 36¢ selects the candidates of the
reference 1mage, the reference 1mage generation unit 36¢
generates a reference 1mage from the selected candidates of
the reference 1image (Step S27). For example, the reference
image generation unit 36¢ generates an average image of a
plurality of the images, which are selected as the candidates
of the reference image, as the reference image. In this
manner, by using the average image of the plurality of the
1mages, it 1s possible to improve the SN ratio of the reference
image. In addition, when the reference image generation unit
36¢ selects one 1mage as the candidate of the reference
image, the reference image generation unit 36¢ uses the
image as the reference 1mage. In other words, the reference
image generation referred herein includes generation of the
reference image from a plurality of the images and usage of
one 1mage as the reference image.

In addition, the reference 1image generation unit 36¢ may
generate a reference 1mage by using images, of which the
difference in signal between a blood flow portion and a
background tissue 1s small, among a plurality of the tag
images and the control 1images.

After that, the blood flow i1mage generation unit 36d
generates a subtraction image between each of the tag
images reconstructed by the image reconstruction unit 32
and the reference image generated by the reference image
generation unit 36¢c as a blood tlow i1mage (Step S28).
Herein, similarly to the first embodiment, in the blood tlow
image generated by the blood flow image generation unit
36d, since the signal intensity in the stationary tissue
becomes near zero, the stationary tissue can be erased with
high accuracy.

Returming to the description of FIG. 11, the blood flow
image generation unit 36d generates the blood tlow 1mage,
and after that, displays the generated blood flow 1mage on
the display unit 35 (Step S29). At this time, for example, the
blood flow 1image generation unit 36d displays a plurality of
the generated blood tlow 1mage as behavior display on the
display unit 35 1n a cine display format or a parallel display
format.

As described above, 1n the second embodiment, the
sequencer 10 repetitively performs the tag mode of perform-
ing blood labeling of the blood being flown into the 1maging
area by applying an IR pulse to an upstream portion of the
imaging area and aiter a lapse of a predetermined T1 from
application of the IF pulse, performing the magnetic reso-
nance data collection, with the TI being changed. In addi-
tion, the sequencer 10 performs the control mode of apply-
ing an RF wave to the imaging area and, after a lapse of a
predetermined TI, performing the magnetic resonance data
without performing the blood labeling through application
of the IR pulse to the upstream portion of the 1maging area
by performance number smaller than that of the tag mode.
Next, the image reconstruction unit 32 reconstructs a plu-
rality of the tag images corresponding to a plurality of
different TIs based on the magnetic resonance data collected
in the tag mode. In addition, the 1image reconstruction unit 32
reconstructs at least one control image based on the mag-
netic resonance data collected i1n the control mode. After
that, the reference 1mage generation unit 36¢ generates a
reference 1mage based on the plurality of the tag images and
the control 1mage. In addition, the blood flow 1mage gen-
eration unit 36d generates a subtraction 1mage between each
of the tag images and the reference 1mage as a tluid 1mage.
Theretfore, according to the second embodiment, 1t 1s pos-
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sible to reduce the 1imaging time and to generate the blood
flow 1mage where the stationary tissue 1s erased with high
accuracy.

In addition, 1n the second embodiment, the sequencer 10
performs the control mode with the same collection condi-
tion as the collection condition used at the time of perform-
ing the tag mode. Therefore, even 1n the case where a fat
suppressing pulse 1s not applied just before the data collec-
tion 1s started, the signal intensity in the stationary tissue can
be maintained uniform between the tag mode and the control
mode, so that 1t 1s possible to erase the stationary tissue with
higher accuracy.

In addition, in the second embodiment, the case where
Flow-sensitive Alternating Inversion Recovery (FAIR)
series method of imparting a tag to blood 1n the 1imaging area
1s performed by the sequencer 10 1s described. However, for
example, the case where the Signal Targeting with Alternat-
ing Radio frequency (STAR) series method of imparting a
tag to blood flown into the imaging area 1s performed by the
sequencer 10 1s also implemented.

In addition, in the second embodiment, the subtraction
images between one reference 1image and a plurality of the
tag 1mages are generated as the blood tlow 1mages. How-
ever, for example, the reference images of which the number
1s equal to that of the tag images may be generated by
interpolating the control 1images. In this case, the reference
image generation umt 36c¢ generates a plurality of the
reference 1mages corresponding to a plurality of different T1s
based on the control images. Next, the blood flow 1image
generation unit 36d generates subtraction 1images between
the tag 1mage and the reference 1mages as the blood flow
images for the TlIs.

For example, the reference image generation unit 36c¢
generates control images for subtraction, of which the num-
ber 1s equal to that of the tag images, from the control 1images
for the T1Is, of which the number 1s smaller than that of the
collected tag images, by performing a calculation process
such model function fitting. In the case where at least two
control images exist, the reference 1mage generation unit 36¢
may generate a plurality of the control 1images for subtrac-
tion through linear approximation. In addition, in the case
where three control 1mages exist, the reference 1mage gen-
cration unit 36c may generate a plurality of the control
images for subtraction through quadratic function approxi-
mation.

In this manner, even in the case where the signal intensity
in the stationary tissue 1s changed according to the TI, by
generating the control images for subtraction, of which the
number 1s equal to that of the tag 1mages, and generating the
subtraction 1mages for the Tls, 1t 1s possible to generate the
blood tlow 1mage where the stationary tissue 1s erased with
high accuracy.

In addition, 1n the second embodiment, at the time of
performing the tag mode and the control mode, similarly to
the first embodiment, the sequencer 10 applies non-selective
inversion recovery pulse to a range including the 1imaging
area and the blood flown into the imaging area so that the
magnetic resonance data collection 1s started at the time
when the longitudinal magnetization of at least one type of
tissue among the tissues included in the 1maging area
becomes substantially zero. Therefore, according to the
second embodiment, since the tag image where the signal
intensity in the stationary tissue 1s suppressed can be recon-
structed, so that it 1s possible to generate the blood flow
image where the stationary tissue i1s erased with higher
accuracy.
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In addition, in the second embodiment, similarly to the
first embodiment, the reference 1image generation unit 36¢
selects among the tag images an 1mage before blood 1s flown
into the imaging area or an 1mage after magnetization of
blood 1n the imaging area 1s relaxed and generates the
reference 1mage based on the selected image. Therelore,
according to the second embodiment, 1t 1s possible to
generate the blood flow 1image without a decrease in signal
intensity in the blood flow portion.

In addition, 1n the second embodiment, similarly to the
first embodiment, the reference 1mage generation unit 36¢
selects a plurality of the images before blood 1s tlown 1nto
the 1maging area or a plurality of the images after magne-
tization of blood 1n the 1imaging area 1s relaxed and generates
an average 1mage ol the plurality of the selected 1images as
the reference 1mage. Therefore, according to the second
embodiment, since the SN ratio of the reference 1mage can
be 1mproved, 1t 1s possible to obtain the blood flow 1mage
with higher accuracy.

In addition, similarly to the first embodiment, in the
second embodiment, the sequencer 10 uses the SSFP as the
imaging sequence of the time of collecting the magnetic
resonance data. In general, in the SSFP, 1n order to allow the
longitudinal magnetization to be i1n the steady state, a
plurality of the dummy pulses need to be applied at the
starting of the data collection, so that the TI or Trepeat 1s
increased. In addition, as a result, the imaging time 1s also
increased. However, according to the second embodiment,
since the number of dummy pulses can be reduced 1n
comparison with a conventional mIR N-N subtraction
method, it 1s possible to obtain the shortest TI or Trepeat.

In addition, 1n the second embodiment, similarly to the
first embodiment, the sequencer 10 may apply the saturation
pulse to the range including the imaging area before the
starting of the magnetic resonance data collection. There-
fore, in the case where the T1 1s allowed to be changed, since
the signal intensity of the tissue such as fat, of which the T1
value 1s short, 1s almost the same, so that 1t 1s possible to
erase the signal intensity of the tissue such as fat, of which
the T1 value 1s short, with high accuracy.

In addition, 1n the first and second embodiment, the case
of using a single tag & single T1 method where the sequencer
10 applies the IR pulse for the tag allocation at every time
when the data collection 1s performed 1s described. How-
ever, the embodiment may be implemented 1n the case of
using, for example, a single tag & mult1 TT method where the
sequencer 10 applies the IR pulse once and, after that,
continuously perform the data collection multiple times.

In addition, i the single tag & multi TI method, in
general, since the longitudinal magnetization 1s 1nsuili-
ciently recovered, the TI becomes long, so that the signal
intensity of each tissue is attenuated. FIG. 14 1s a view
illustrating attenuation of a signal intensity in the single tag
& multi TT method according to a modified example of the
embodiment. In this case, as 1llustrated 1n FIG. 14, in the tag
image, as the T1 1s increased, the signal intensity (Sstation-
ary 1llustrated in FIG. 14) 1n the stationary tissue 1s attenu-
ated. Therefore, for example, longitudinal relaxation correc-
tion may be performed on the generated blood flow 1image.

In this case, the blood flow image generation unit 36d
performs the relaxation correction on the blood tlow 1mage
according to the T1 based on the T1 value of the blood. For
example, when the T1 value of the blood 1s denoted by T1
blood, the blood flow 1image generation unit 36d performs
correction of scaling an inverse function 1/exp[-TI/
T1blood] for correcting the longitudinal relaxation of the
blood. Alternatively, for example, the blood flow 1mage
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generation unit 36d performs correction using a function
having an after-labeling T1, the number of IR pulses m in the
mIR method, a T1 value T1blood of the blood, a repetition
time TR of an excited pulse in the data collection, the
number of encodes N for each shot in the data collection, and
a repetition time Trepeat of IR pulse for tag allocation as
variables. In addition, if the blood flow signal 1s obtained
alter the differentiation, 1n the case where quantification of
Cerebral Blood Flow (CBF) 1s not a purpose but imaging of
vessel behavior 1s a purpose, the correction of the signal
intensity for each of the Tls 1s not necessarily performed.

In addition, 1n the first and second embodiments, the case
where the area-non-selective IR pulse or the saturation pulse
1s applied to the imaging area 1s described. However, for
example, the sequencer 10 may be configured so that the
sequencer 10 applies the RF wave for performing blood tlow
labeling to the upstream portion of the downstream portion
of the imaging area and applies no RF wave to the imaging
arca until the TI elapses after application of the RF wave.

In addition, in the first and second embodiments, the case
where an mversion recovery pulse for performing the blood
flow labeling 1s applied for a short time 1s described.
However, recently, as a method of performing the blood tlow
labeling of the blood tlow flown into the imaging area, there
has been disclosed a method of continuously or intermit-
tently applying an inversion recovery pulse. In the other
embodiments, this method may be used. In this case, for
example, the MRI apparatus continuously or intermittently
applies an 1inversion recovery pulse for performing the
labeling to an upstream side of a imaging area, and performs
the magnetic resonance data collection while fixing or
changing the T1 that indicates an waiting time from the time
of application of the inversion pulse to the time of 1maging
of the imaging areca (the time of application of a high
frequency excitation pulse). In addition, the MRI apparatus
reconstructs a plurality of MR images corresponding to a
plurality of different TIs based on the collected magnetic
resonance data. Next, the MRI apparatus generates a refer-
ence 1mage based on a plurality of the reconstructed MR
images and generates subtraction images between each of
the MR 1mages and the reference 1image as the blood flow
images. Alternatively, the MRI apparatus may use as the
reference 1mage, among the reconstructed MR 1mages, an
MR 1mage (tag image) in which a fluid applied a continuous
or pulsed continuous iversion pulse at a tagging area on an
upstream side of an 1maging area has not reached at the
imaging area. In addition, MR 1mages each subtracted with
the reference 1mage are not limited to a plurality of MR
images each corresponding to a plurality of Tls, but may be
one or more 1mages. In addition, the inversion recovery
pulse for performing the labeling 1s not limited to the RF
pulse, but a continuous RF wave may be used. Herein the RF
pulse and the continuous RF wave are collectively referred
as an RIF wave.

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 mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes i1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.
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What 1s claimed 1s:

1. A magnetic resonance 1maging apparatus comprising:

a memory,; and

a processor comprising processing civcuitry, wherein the
memory storves instructions, which when executed by
the processor, cause the magnetic resonance imaging
apparatus to perform operations comprising:

[a data collection unit that] repetitively [performs] per-
forming a tag mode of applying an RF wave to at least
an upstream portion of an 1imaging area to label a fluid
flown into the imaging area and, after a lapse of an
iversion time from application of the RF wave, per-
forming magnetic resonance data collection, while
changing the inversion time;

[an image reconstruction unit that reconstructs] recon-
structing a plurality of tag 1images corresponding to a
plurality of diflerent inversion times based on magnetic
resonance data collected 1n the tag mode;

[a reference image generation unit that generates] gener-
ating a reference image based on the plurality of [the}
tag 1mages; and

[a fluid image generation unit that generates] generating
a subtraction image between each of the tag images and
the reference 1mage as a fluid 1mage.

2. The magnetic resonance 1imaging apparatus according,

to claim 1,

wherein the [reference image generation unit generates]
instructions, when executed by the processor, cause the
magnetic resonance imaging apparatus to generate the
reference 1mage by using the tag image exhibiting a
small difference 1n signal intensity between a blood
flow portion and a background tissue among the plu-
rality of [the] tag images.

3. The magnetic resonance 1imaging apparatus according,
to claim 1, [further comprising] wherein the instructions,
when executed by the processor, cause the magnetic reso-
nance imaging apparatus to.

[a display unit that displays] display a plurality of the fluid
images generated by the fluid 1image generation unit as
behavior expression in a cine display format or a
parallel display format.

4. The magnetic resonance 1maging apparatus according,

to claim 1,

wherein at the time of performing the tag mode, [the data
collection unit applies] the instructions, when executed
by the processor, cause the magnetic vesonance imag-
ing apparatus to apply a non-selective imversion recov-

ery pulse to a range including the imaging area and the
fluid flown into the imaging area so that the magnetic
resonance data collection 1s started at the time when a
longitudinal magnetization of at least one type of tissue
among tissues included 1n the 1maging area becomes
nearly zero.

5. The magnetic resonance 1maging apparatus according,

to claim 1,

wherein the [data collection unit applies] instructions,
when executed by the processor, cause the magnetic
resonance imaging apparatus to apply a saturation
pulse to a range 1ncluding the 1maging area just before
the magnetic resonance data collection 1s started.

6. The magnetic resonance 1maging apparatus according

to claim 1,
wherein the [reference image generation unit selects]

instructions, when executed by the processor, cause the

magnetic resonance imaging apparatus to select
among the tag images an image obtained before the
fluid 1s flown into the imaging area or an image

22

obtained after magnetization of the fluid n the 1imaging
area is relaxed, and [generates] o gernerate the refer-
ence 1mage based on the selected 1mage.

7. The magnetic resonance 1maging apparatus according,

5 to claim 6,
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wherein the [reference image generation unit selects]
instructions, when executed by the processor, cause the
magnetic rvesonance imaging apparatus to select a
plurality of images obtained before the fluid 1s flown
into the imaging area or a plurality of 1mages obtained
after magnetization of the fluid 1n the imaging area 1s
relaxed, and [generates] 7o generate an average image
of the plurality of the selected images as the reference
1mage.

8. The magnetic resonance 1maging apparatus according,

to claim 1,

wherein the [data collection unit further performs}
instructions, when executed by the processor, cause the
magnetic vesonance imaging apparatus to perform a
control mode a given number of times that 1s smaller
than the number of performances of the tag mode, the
control mode being an 1maging mode of applying an
RF wave to the imaging area without labeling a fluid
through application of an RF wave to an upstream
portion of the imaging area and, after a lapse of an
inversion time from application of the RF wave, [per-
forming] 7o perform magnetic resonance data collec-
tion,

wherein the [image reconstruction unit further recon-
structs] instructions, when executed by the processor,
cause the magnetic vesonance imaging apparatus to
reconstruct control i1mages as many as a number
smaller than that of the tag images, based on the
magnetic resonance data collected 1n the control mode,

wherein the [reference image generation unit generates]
instructions, when executed by the processor, cause the
magnetic resonance imaging apparatus to generate one
reference 1image or a plurality of control 1images for
subtraction corresponding to the plurality of different
inversion times by using the control images as many as
a number smaller than that of the tag images, and

wherein the [fluid image generation unit generates]
instructions, when executed by the processor, cause the
magnetic resonance imaging apparatus to generate a
subtraction 1mage between each of the tag images and
the reference image or [generates] 70 generate a sub-
traction 1image between the tag image and the generated
control 1mage for each nversion time.

9. The magnetic resonance 1imaging apparatus according,

50 to claim 8,
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wherein the [data collection unit performs] instructions,
when executed by the processor, cause the magnetic
resonance imaging apparatus to perform the control
mode under a collection condition which 1s the same as
the collection condition used at the time of performing
the tag mode.

10. The magnetic resonance 1maging apparatus according

to claim 1,

wherein the [data collection unit uses] instructions, when
executed by the processor, cause the magnetic reso-
nance imaging apparvatus to use Steady State Free

Precession (SSFP), Gradient Echo (GRE), Fast Spin

Echo (FSE), or Echo Planar Imaging (EPI) as an
imaging sequence for magnetic resonance data collec-
tion.

11. The magnetic resonance 1imaging apparatus according

to claim 1,
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wherein the [fluid image generation unit further performs}
instructions, when executed by the processor, cause the
magnetic rvesonance imaging apparatus to perform
longitudinal relaxation correction on the fluid 1image

24

when a longitudinal magnetization of at least one type
of tissue among tissues included in the imaging area
becomes nearly zero.

17. The magnetic resonance 1maging apparatus according

according to the inversion time based on a T1 value of > to claim 13,

the fluad.
12. The magnetic resonance 1imaging apparatus according

to claim 1,

wherein the [data collection unit applies] instructions,

rality of [the]control images.
15. The magnetic resonance 1imaging apparatus according

wherein the [data collection unit applies] instructions,
when executed by the processor, cause the magnetic
resonance imaging apparatus to apply a saturation
pulse to a range including the 1maging area just before

when executed by the processor, cause the magnetic 10 the magnetic resonance data collection 1s started.
resonance imaging apparatus to apply the RF wave for 18. The magnetic resonance 1maging apparatus according
performing the fluid labeling to the upstream portion or to claim 13,

downstream portion of the imaging area and [applies} wherein the [reference image generation unit selects]
to apply no RF wave to the imaging area until a . instructions, when executed by the processor, cause the
predetermined inversion time elapses from application magnetic rvesonance imaging apparatus to select
of the RF wave. among the control 1mages an 1image obtained before the

13. A magnetic resonance 1imaging apparatus comprising: fluid 1s flown into the 1maging area or an i1mage

a memory,; and obtained after magnetization of the fluid 1n the 1maging

a processor comprising processing circuitry, whevein the >0 area is relaxed, and [generates] o generate the refer-
memory stores instructions, which when executed by ence 1mage based on the selected 1mage.
the processor, cause the magnetic resonance imaging 19. The magnetic resonance 1maging apparatus according
apparatus to perform operations comprising: to claim 18,

[a data collection unit that repetitively performs] repeti- wherein the [reference image generation unit selects]
tively performing a control mode of applying an RF 25 instructions, when executed by the processor, cause the
wave to an imaging area without labeling a fluid magnetic resonance imaging apparatus to select a
through application of an RF wave to an upstream plurahty‘ of Images obtained before the fluid 1s ﬂfjwn
portion of the imaging area and, after a lapse of an into the Imaging area or a pluFal{ty of Images obtame'd
inversion time from application of the RF wave, per- alter magnetization of the fluid 1n the 1imaging area 1
forming magnetic resonance data collection[,]while 30 relaxed, and'[generates] lo generale an average 1nage

. : e of the plurality of the selected 1images as the reference
changing the inversion time; .
1 1 it that reconstructs a pluralit HhEse. . . . .

[an image D nstruction unit 1 . P e 20. A magnetic resonance 1maging apparatus comprising;:
of control 1mages corresponding to a plurality of dii- a memory: and
lerent inver S1OL fimes based on the magnetic resonance 35  a processov comprising processing circuitry, wherein the
data COHeF:ted in the 001.1‘[1'01 H?Ode; memory storves instructions, which when executed by

a reference image generation unit that generates] gener- the processor, cause the magnetic resonance imaging
ating a reference image based on the plurality of apparatus to perform operations comprising:
[theJcontrol images; and [a data collection unit that repetitively performs] repeti-

[a fluid image generation unit that generates] generating 40 tively performing an imaging mode of applying an RF
subtraction 1images between each of the control 1mages wave to a subject to label a fluid flown into the subject
and the reference 1mage as fluid 1mages. and, after a lapse of an 1nversion time from application

14. The magnetic resonance 1imaging apparatus according of the RF wave, performing magnetic resonance data

to claim 13, collection while changing the inversion time;
wherein the [reference image generation unit generates] 45  [an image reconstruction unit that reconstructs] recon-
instructions, when executed by the processor, cause the structing a plurality of 1mages corresponding to a
magnetic vesonance imaging apparatus to generate the plurality of different inversion times based on the
reference 1image by using the control image exhibiting magnetic resonance data;
a small difference in signal intensity between a blood [a reference image generation unit that generates] gerer-
flow portion and a background tissue among the plu- 50 ating a reference 1image based on the plurality of the

images; and
[a fluid image generation unit that generates] gernerating

a subtraction image between each of the images and the
reference 1mage as a tfluid image.

21. A magnetic resonance 1maging apparatus comprising:

a memory; and

a processor comprising processing circuitry, wherein the
memory stores instructions, which when executed by
the processor, cause the magnetic resonance imaging
apparatus to perform operations comprising:

[a data collection unit that repetitively performs] repeti-

to claim 13, [further comprising: a display unit that displays]
wherein the instructions, when executed by the processor,
cause the magnetic vesonance imaging apparatus to display 55
a plurality of the fluid images generated by the fluid 1image
generation unit as behavior expression 1 a cine display
format or a parallel display format.
16. The magnetic resonance 1imaging apparatus according
to claim 13, 60
wherein the instructions, when executed by the processor,

cause the magnetic resonance imaging apparatus to, at
the time of performing the control mode, [the data
collection unit applies] apply a non-selective inversion
recovery pulse to a range including the imaging area
and the fluid flown into the imaging area so that the
magnetic resonance data collection 1s started at the time
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tively performing an 1imaging mode of applying an RF
wave 1o a subject to label a fluid tlown into the subject
and, after a lapse of an 1inversion time from application
of the RF wave, performing magnetic resonance data
collection of an 1maging area while changing the inver-
sion time;
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[an image reconstruction unit that reconstructs] recon-
structing a plurality of 1mages corresponding to a
plurality of different inversion times based on the
magnetic resonance data; and

[a fluid image generation unit that generates] generating
a fluud mmage by generating a subtraction image
between at least one of the plurality of the images and
a relerence 1mage, the reference 1mage being an 1image
obtained before the labeled fluid 1s flown into the
imaging area or an image obtained after magnetization
of a fluid 1n the 1imaging area 1s relaxed.

22. A magnetic resonance imaging apparatus COmprising.

a memory; and

a processor comprising processing civcuitry, whervein the
memory stores instructions, which when executed by
the processor, cause the magnetic resonance imaging
apparatus to perform operations comprising:

repetitively performing a tag mode to collect magnetic
resonance data while changing an inversion time, and
perform a control mode to collect magnetic resonance
data a given number of times that is smaller than the
number of performances of the tag mode;

reconstructing a plurality of tag images corresponding to
a plurality of different inversion times based on the
magnetic resonance data collected in the tag mode, and
reconstructing one ov move contrvol images as many as
a number smaller than that of the tag images based on
the magnetic resonance data collected in the control
mode; and

generating a subtraction image for each inversion time
using the tag images and the omne or more control
images.

23. The magnetic vesonance imaging apparatus accovd-

ing to claim 22, wherein,

the tag mode applies a first RF wave to an area that
includes an upstream portion of an imaging area to
label a fluid flown into the imaging area and, after a
lapse of the inversion time from application of the first
RF wave, performs the magnetic vesonance data col-
lection, and

the control mode applies a second RF wave to an area
that does not include the upstream portion and, after a
lapse of the inversion time from application of the
second RF wave, performs the magnetic resonance
data collection.

24. The magnetic resonance imaging apparatus accovd-

ing to claim 22, wherein

the instructions, when executed by the processor, cause
the magnetic resonance imaging apparatus to generate
a first image using the one or move control images, and

to generate the subtrvaction image for each inversion time
by generating a subtraction image between each of the
plurality of tag images and the first image.

25. The magnetic rvesonance imaging apparatus accovd-

ing to claim 22, wherein

the instructions, when executed by the processor, cause
the magnetic resonance imaging apparatus to generate
a plurality of second images corresponding to the
plurality of different inversion times using the one or
movre control images, and

to generate the subtrvaction image for each inversion time
by gemerating a subtraction image between the tag
image and the second image for each inversion time.

26. A magnetic resonance imaging apparatus COmprising.

a memory,; and

a processov cComprising processing circuitvy, wherein the
memory storves instructions, which when executed by
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the processor, cause the magnetic resonance imaging
apparatus to perform operations comprising:
performing a tag mode, and performing a control mode a
given number of times that is smaller than the number
of performances of the tag mode, the tag mode applying
a first RF wave to at least an upstream portion of an
imaging area to label a fluid flown into the imaging
area and, after a lapse of an inversion time from
application of the first RF wave, performing collection
of magnetic resonance data, while changing the inver-
sion time, the control mode performing collection of
magnetic rvesonance data without labeling a fluid
through application of an RF wave to the upstream
portion of the imaging area,
reconstructing a plurality of tag images corresponding to
a plurality of different inversion times based on the
magnetic resonance data collected in the tag mode, and
reconstructing one or move contrvol images as many as
a number smaller than that of the tag images based on
the magnetic rvesonance data collected in the control
mode; and
generating a subtraction image for each inversion time
using the tag images and the one or more control
images.
27. The magnetic resonance imaging apparatus accord-
ing to claim 26, wherein:
the tag mode applies the first REF wave to an area that
includes the upstream portion, and
the control mode applies a second RF wave to an area
that does not include the upstream portion and, after a
lapse of the inversion time from application of the
second RF wave, performs collection of the magnetic
resonance data.
28. The magnetic resonance imaging apparvatus accord-
ing to claim 26, wherein
the instructions, when executed by the processor, cause
the magnetic resonance imaging apparatus to generate
a first image using the one or move control images, and
to generate the subtraction image for each inversion time
by generating a subtraction image between each of the
plurality of tag images and the first image.
29. The magnetic resonance imaging apparatus accord-
ing to claim 26, wherein
the instructions, when executed by the processor, cause
the magnetic resonance imaging apparatus to generate
a plurality of second images corresponding to the
plurality of different inversion times using the one or
movre control images, and
to generate the subtraction image for each inversion time
by gemerating a subtraction image between the tag
image and the second image for each inversion time.
30. A magnetic resonance imaging method comprising:
repetitively performing a tag mode to collect magnetic
resonance data while changing an inversion time;
performing a control mode to collect magnetic vesonance
data a given number of times that is smaller than the
number of performances of the tag mode;
reconstructing a plurality of tag images corresponding to
a plurality of different inversion times based on the
magnetic vesonance data collected in the tag mode;
reconstructing one ov more control images as many as a
number smaller than that of the tag images based on
the magnetic vesonance data collected in the control
mode; and
generating a subtraction image for each inversion time
using the tag images and the one or more control
images.
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31. A magnetic resonance imaging method comprising:

repetitively performing a tag mode, the tag mode applving
an RF wave to at least an upstream portion of an
imaging area to label a fluid flown into the imaging
area and, after a lapse of an inversion time from 5
application of the RE wave, performing collection of
magnetic vesonance data, while changing the inversion
lime;

performing a control mode a given number of times that
is smaller than the number of performances of the tag 10
mode, the control mode performing collection of mag-
netic rvesonance data without labeling a fluid through
application of an RE wave to the upstream portion of
the imaging area;

reconstructing a plurality of tag images corresponding to 15
a plurality of different inversion times based on the
magnetic vesonance data collected in the tag mode;

reconstructing one or more control images as many as a
number smaller than that of the tag images based on
the magnetic resonance data collected in the control 20
mode; and

generating a subtraction image for each inversion time
using the tag images and the one or more control
images.

25



	Front Page
	Drawings
	Specification
	Claims

