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MAGNETIC RESONANCE IMAGING USING
PREPARATION SCAN FOR OPTIMIZING

PULSE SEQUENCE

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.

CROSS REFERENCE 10 RELATED
APPLICATIONS

Notice: More than one reissue application has been filed
for the reissue of U.S. Pat. No. 6,781,375. The reissue appli-

cations ave application Ser. Nos. 12/929,947 (the present
application) and 11/802,080, all of which are divisional veis-

sues of U.S. Pat. No. 6,781,375.

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates to magnetic resonance 1mag-
ing including non-contrast angiography, that uses a prepara-
tion scan to optimize a desired pulse sequence 1mage quality
parameter incorporated in an imaging scan in order to provide
improved quality MR 1mages.

2. Related Art

Magnetic resonance imaging (MRI) 1s a technique of
applying a radio-frequency (RF) signal at a Larmor frequency
to an object so that nuclear spins positioned 1n a static mag-
netic field are magnetically excited and then reconstructing
an 1mage from MR signals induced 1n response to the excita-
tion.

However, 1t 1s not always true that an MR 1maging scan 1s
performed under the best imaging conditions. That 1s, an
imaging scan 1s frequently performed under an unfavorable
condition where one or more pulse sequence parameters of
the 1maging scan, which can significantly influence MR
image of quality, has not been optimized.

One of the imaging techniques that has recently been high-
lighted 1s, for example, non-contrast MR angiography. This
imaging technique provides images of blood vessels and/or
flows ol blood within an object, with no contrast agent admin-
istered into the object. In performing non-contrast MR
angilography, a three-dimensional imaging scan 1s preferable
when 1t 1s desired to obtain more angiographic information.

Such non-contrast MR angiography typically includes, for
example, a dephase pulse to suppress a tlow void phenom-
enon. When the flow void phenomenon 1s generated in
response to a flow of blood, some drawbacks, such as a
decrease 1n the intensity of an echo signal to be acquired, are
caused. It 1s therefore preferred that the degree of such flow
vold phenomenon be detected beforehand, and that imaging,
conditions be determined for every object to be 1imaged 1n
consideration of the flow void phenomenon.

In cases where non-contrast MR angiography 1s directed,
for example, to the 1liac artery, speeds of blood tlowing 1n the
iliac artery are not only different depending on individuals but
also substantially different between a healthy person and a
non-healthy patient. Even if the iliac artery o the same person
1s being 1maged, speeds of blood flows change depending on
which region 1s to be scanned.

However, from a historical viewpoint, optimization of vari-
ous parameters ol an 1imaging scan pulse sequence for such
phenomena, which should be carried out prior to the imaging,
scan, has not been adequately studied. Hence 1t has been
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2

difficult for an operator to imagine the inside of an objectto be
examined, and then to recognize the degree of expected tlow

vold with accuracy 1 a desired readout direction, before
carrying out a three-dimensional scan. Instead, operators
typically infer the degree of flow void using their own expe-
rience or by trial and error and then try to reflect the inferred
degree mto 1maging conditions. A trial scan could be carried
out for inferring the degree of flow void, but this trial scan
would not be quantitative. Thus the total imaging time nec-
essary for each person to be examined 1s, thereby a patient
throughput being reduced.

In performing non-contrast MR angiography, image qual-
ity parameters ol an 1imaging scan pulse sequence typically
may include, 1n addition to one i1dentifying a degree of flow
void, an eftective echo time TE_,, a bit indicating tlow com-
pensation, inversion recovery time, echo train spacing (ETS),
the tlip angle of a fat suppression pulse, an inversion time T1
alter application of a fat suppression pulse, the tlip angle of an
MT (magnetization transier) pulse, and the flip angle of a
refocusing pulse.

One conventional scan technique 1s known by a Japanese
Patent Laid-open Publication No. 1999-239571. This refer-
ence shows an 1maging scan using electrocardiographic
(ECG) gating, 1n which a scan to measure an optimized delay
time for ECG gating 1s proposed. This technique, however,
takes only ECG gating timing into account, so that this way of
scanning 1s far from providing other various scan parameters.

SUMMARY OF THE INVENTION

The present invention, which has attempted to break
through the foregoing current situations, provides both a
magnetic resonance 1imaging system and a magnetic reso-
nance 1imaging method for magnetic resonance imaging with
our without an MR contrast agent, the system and method
being able to give an optimum value to a desired an 1maging
scan parameter 1n a steady and reliable manner, before carry-
ing out the 1imaging scan.

In order to achieve the above object, as one aspect of the
present invention, there 1s provided a magnetic resonance
imaging system for performing an imaging scan based on a
desired pulse sequence in order to obtain MR 1mages at a
desired region of an object to be imaged. The system com-
prises a preparation scan performing unit configured to per-
form a preparation scan to acquire data for a plurality of
preparatory images at a common volume in the desired region
ol the object, the preparation scan being performed with an
amount of a desired 1mage quality (e.g., contrast-determin-
ing) parameter of the pulse sequence being changed for each
of plural preparatory images; a preparatory image producing
unit configured to produce the plurality of preparatory images
from the data acquired by the performance of the preparation
scan; a displaying unit configured to display the plurality of
preparatory i1mages; a selection unit configured to allow a
desired preparatory image to be selected from the plurality of
preparatory images displayed; and a setting unit configured to
set, into the 1maging scan, the amount of the desired 1image
quality (e.g., contrast-determining) parameter grven from the
selected preparatory image.

Accordingly, the magnetic resonance imaging system
employs the technique of performing the preparation scan to
determine an optimum amount of one or more parameters
chosen from the image-quality parameters of the imaging
scan. Echo data into which changed amounts of the desired
parameters are reflected are acquired by the preparation scan,
and 1images produced from the acquired echo data provide an
operator with an optimum amount of the desired parameters
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in the actual imaging scan. This way enables both of MR
imaging and MR angiography (with or without an MR con
trast agent) to provide images with excellent contrast, less
noise, and higher quality depictions.

Preferably, the preparation scan performing unit 1s config-
ured to perform the preparatory scan with a series of acqui-
sitions. In the preparatory scan the image matrix size 1s
smaller than that of an MR 1mage acquired through the imag-
ing scan. Still more preferably, the preparation scan 1s setto a
two-dimensional scan and the 1maging scan is set to a three-
dimensional scan.

It 1s preferred that the preparation scan performing unit 1s
configured to perform the preparation scan prior to the per-
formance of the 1maging scan.

It 1s also preferred that the system further comprises a
breath-hold 1nstructing unit configured to instruct the object
to continue holding breath of the object during each period of
both of the preparation scan and the 1imaging scan.

By way of example, the pulse sequence 1s made of a train of
pulses belonging to SSFP (Steady State Free Precession)-
system pulse sequences.

The desired parameter of the pulse sequence 1s, for
example, at least one parameter selected from a group of
parameters composed of: a strength of a pulse to suppress a
flow void phenomenon of a fluid of the object; an effective
echo time TE_ -concerning behaviors of spins of the object; a
pulse to compensate spin movements due to tlow of fluid 1n
the object; a TI (inversion time) of spins observed when an
inversion pulse 1s applied to the object; an ETS (echo train
spacing) time given to echo signals acquired from the object;
a tlip angle of a fat suppression pulse applied to suppress
signals from being acquired from fat of the object; a TI
(inversion time) time observed when a fat suppression pulse 1s
applied to the object; a strength of an MT (magnetization
transier) to cause an MT effect resultant from behaviors of
spins 1n the object; and an angle of a refocusing pulse to
reduce an MT etflect 1n the object.

As another configuration according to the above aspect, a
magnetic resonance 1maging system 1s provided particularly
to, a desired parameter, a T1 (1inversion time) time 1ncorpo-
rated in the pulse sequence. The TI time 1s observed when an
inversion pulse 1s applied to the region of the object. Accord-
ingly, through the preparation scan, an optimized period of
the TI time, that 1s, the amount of the desired parameter, 1s
determined and retlected 1nto the pulse sequence used by the
Imaging scan.

Still, as another example according to the above aspect, a
magnetic resonance 1imaging system 1s provided for perform-
ing a three-dimensional 1maging scan based on a desired
pulse sequence 1n order to obtain an MR 1mage at a desired
region ol an object to be imaged. The system comprises a
preparation scan performing unit configured to perform a
two-dimensional preparation scan to acquire data for a plu-
rality of preparatory images at the desired region of the object,
the preparation scan being performed with an amount of a
desired parameter of the pulse sequence changed every pre-
paratory 1mage; a preparatory image producing unit config-
ured to produce the plurality of preparatory images from the
data acquired by the performance of the preparation scan; and
a setting unit configured to set the amount of the desired
parameter of the imaging scan on the basis of the plurality of
preparatory images produced.

Furthermore, as another aspect, there 1s provided a method
of optimizing a parameter of a pulse sequence used by an
imaging scan 1n magnetic resonance imaging. The imaging
scan 1s performed to provide an MR 1mage at a desired region
of an object to be imaged. The method comprises the steps of:
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performing a preparation scan to acquire data for a plurality of
preparatory 1images at the desired region of the object, the
preparation scan being performed with an amount of a desired
parameter of the pulse sequence changed every preparatory
image; producing the plurality of preparatory images from
the data acquired by the performance of the preparation scan;
displaying the plurality of preparatory images; allowing a
desired preparatory image to be selected from the plurality of
preparatory images displayed; and setting, into the imaging
scan, the amount of the desired parameter given from the
selected preparatory image.

Like the above, the method can be provided so as to com-
prising the steps of performing a two-dimensional prepara-
tion scan to acquire data for a plurality of preparatory images
at the desired region of the object, the preparation scan being
performed with an amount of a desired parameter of the pulse
sequence changed every preparatory image; producing the
plurality of preparatory images from the data acquired by the
performance of the preparation scan; and setting the amount
of the desired parameter of the imaging scan on the basis of
the plurality of preparatory images produced.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s the functional block diagram showing an outlined
configuration of a magnetic resonance i1maging system
according to an embodiment of the present invention;

FIG. 2 illustrates a timing relationship between a “prep.
scan” and an 1maging scan both carried out in the embodi-
ment,

FIG. 3 1s an outlined flowchart, which i1s conducted by a
host computer, which exemplifies selection of a desired
parameter from various parameters variable in the “prep.
scan” and post processing for determining an optimum value
of the desired parameter;

FIG. 4 1s a pulse sequence that outlines an example of the
“prep. scan’’;

FIG. 5 15 a pulse sequence that outlines another example of
the “prep. scan”;

FIG. 6 1s a pulse sequence that outlines another example of
the “prep. scan’;

FIG. 7 1s a pulse sequence that outlines another example of
the “prep. scan”;

FIG. 8 1s a pulse sequence that outlines another example of
the “prep. scan”;

FIG. 9 15 a pulse sequence that outlines another example of
the “prep. scan’;

FIG. 10 1s a pulse sequence that outlines another example
of the “prep. scan”;

FIG. 11 1s a pulse sequence that outlines another example
of the “prep. scan™;

FIG. 12 1s a pulse sequence that outlines another example
of the “prep. scan”; and

FIG. 13 1s a pulse sequence that outlines another example
of the “prep. scan.”

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

L1
=]

ERRED

Referring to the accompanying drawings, a preferred
embodiment of the present invention will now be described.

(First Embodiment)
Referring to FIGS. 1 to 13, a first embodiment of the
present invention will now be described.
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FIG. 1 a shows an outlined configuration of a magnetic
resonance 1maging (MRI) system in accordance with the
embodiment of the present invention.

The magnetic resonance imaging system comprises a
patient couch on which a patient P as an object to be imaged
lies down, static-field generating part for generating a static
magnetic field, magnetic-gradient generating part for
appending positional information to a static magnetic field,
transmitting/receiving part for transmitting and receiving
radio-frequency (RF) signals, controlling/calculating part
responsible for the control of the whole system and for image
reconstruction, electrocardiographing part for acquiring an
ECG signal serving as a signal indicative of cardiac phases of
the object P, and breath-hold mstructing part for instructing,
the object to perform a temporary breath hold.

The static-field generating part includes a magnet 1 that 1s
of, for example, a superconducting type, and a static power
supply 2 for supplying a current to the magnet 1, and gener-
ates a static magnetic field H, 1n an axial direction (Z-axis
direction) within a cylindrical bore (serving as a diagnostic
space) mnto which the object P 1s inserted for imaging. The
magnet 1 includes shim coils 14. A current used to homog-
enize a static magnetic field 1s supplied from a shim coil
power supply 15 to the shim coils 14 under the control of a
host computer to be described later. The couch top of the
patient couch on which the object P lies down can be mserted
into the bore of the magnet 1 so that the couch top 1s with-
drawn retractably.

The magnetic-gradient generating part includes a gradient
co1l unit 3 incorporated 1n the magnet 1. The gradient coil unit
3 has three pairs (kinds) of x-, y-, and z-coils 3x to 3z used to
generate magnetic field gradients that change 1n strength 1n
the X-axis, Y-axis, and Z-axis directions, that1s, the mutually-
orthogonal physical-axis directions of the gantry. The mag-
netic-gradient generating umt further includes a gradient
power supply 4 for supplying currents to the x-, y-, and z-coils
3x to 3z. The gradient power supply 4 supplies the x-, y-, and
z-colls 3x to 3z with pulsed currents used to generate mag-
netic gradients, under the control of a sequencer, which will
be described later.

The pulsed currents supplied from the gradient power sup-
ply 4 to the x-, y-, and z-coils 3x to 3z are controlled, whereby
magnetic gradients that can be changed 1n strength 1n the three
physical-axis directions (that 1s, the X-, Y-, and Z-directions)
are mutually synthesized. This synthesis produces a slice
magnetic gradient G applied 1n a slice direction, a phase-
encode magnetic gradient G, applied in a phase-encode
direction, and a readout (frequency-encode) magnetic gradi-
ent G applied 1n a readout direction, so that the gradients G,
G, and Gy, are selectively specified and arbitrarily changed in
strength. The slice, phase-encode, and readout directions are
logic-axis directions, which are also orthogonal to each other.
The magnetic gradients G, G and G, generated 1n the logic-
axis directions are superposed on the static magnetic field H,,.

The transmitting/receiving part includes a radio-frequency
(RF) coi1l 7 located in the vicinity of the object P 1n the
diagnostic space inside the magnet 1, and a transmitter 8T and
a receiver 8R both connected to the coil 7. Both of the trans-
mitter 8T and the recerver 8R operate under the control of a
sequencer 5 described later. The transmitter 81 supplies the
RF coil 7 with an RF current pulse at a Larmor frequency,
which will cause a nuclear magnetic resonance (NMR). The
receiver 8R receives MR signals (RF signals) via the RF coil
7, and then carries out various kinds of signal processing with
the MR signals so that digitized MT data (original data) are
produced.
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Furthermore, the controlling/calculating part includes a
sequencer 5 (also referred to as a sequence controller), host
computer 6, calculator 10, storage 11, display unit 12, input
device 13, and voice generator 19.

Of these constituents, the host computer 6 operates previ-
ously memorized soitware procedures, so that 1t has the func-
tions of not only giving the sequencer 3 pulse sequence 1nfor-
mation but also managing the operations of the entire system.

The present magnetic resonance 1maging system 1s char-
acteristic of measuring a physical amount of a desired param-
cter selected from the various parameters 1n relation to a pulse
sequence adopted by an 1maging scan, prior to an 1maging,
scan for providing MR 1mages, and then of reflecting the
measured optimum amount of the parameter into the imaging
scan later conducted. Practically, the host computer 6 1s con-
figured to perform, as pictorially shown 1n FIG. 2, two types
ol scans, which consists of a preparation scan (hereimafter,
referred to as a “prep. scan”) and an 1imaging scan for acquir-
ing echo data to be reconstructed into images. The prep. scan
1s executed to optimize the amount of a desired parameter
chosen from a plurality of parameters incorporated 1n a pulse
sequence performed with the imaging scan that follows the
prep. scan.

The foregoing plural parameters imcorporated 1n a pulse
sequence 1ncludes:

(1) a strength of a pulse to suppress a tlow void phenom-
enon of a fluid (such as blood flows) 1n an object,

(2) an eftective echo ime TE_ ;concerning the behaviors of
spins 1n an object,

(3) a pulse to compensate spin movements due to flow of
flud,

(4) an 1version time T1 observed when an 1nversion pulse
1s applied to the object to cause a inversion recovery of spins,

(5) an ETS (echo train spacing) given to echo signals
acquired from an object,

(6) a tlip angle of a fat suppression pulse applied to sup-
press signals from being acquired from fat of an object,

(7) an inversion time T1 observed after applying a fat sup-
pression pulse to the object,

(8) astrength of an MT (magnetization transfer) to cause an
MT effect resultant from the behaviors of spins,

(9) a tlip angle of a refocusing pulse to reduce an M T ettect,

(10) a flip angle of an excitation RF pulse used by a pulse
sequence,

(11) a flip angle of a refocusing pulse used by a pulse
sequence, and

(12) a TR (repetition time) of a pulse sequence.

For imaging an object, the type of a pulse sequence 1s
determined depending on which region and which blood tlow
of the object are observed and whether or not there 1s a
difference between individual objects to be examined. Then,
from various parameters nherent to the determined pulse
sequence, a desired parameter 1s selected. The “prep. scan” 1s
then repeatedly carried out with the amount of the selected
parameter changed a plurality of times. Specifically, at the
same cardiac phase for each time of RF excitation of spins, a
specifled region of an object 1s subjected to a plurality of
times of data acquisition. Such specified region 1s the same or
almost the same as that to be scanned by the imaging scan.
This way of data acquisition provides image data for a plu-
rality of frames at the same 1maging region, which are then
reconstructed into real-space MR 1mages, respectively.

An operator 1s able to observe such MR 1mages to specity,
for example, a desired one that 1s the highest 1n image quality.
This specification of a desired 1image results in determination
of an amount of the selected parameter. That 1s, the deter-
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mined amount 1s one that was given to the operator’s specified
image thorough the “prep. scan.”

The operator then operates to enable such amount of the
selected parameter to be incorporated 1nto an 1maging scan
that succeeds the “prep. scan.” Namely, of a variety ol types of
parameters of a pulse sequence employed by the imaging
scan, a parameter that corresponds to the parameter subjected
to variable control 1n the “prep. scan” 1s given an amount
(pulse strength, pulse angle, duration, and/or others) deter-
mined with the help of the “prep. scan.”

In cases where MR angiography 1s carried out with a con-
trast agent injected, a lesion and a normal region are con-
trasted with temporal differences therebetween. Such a
period of time necessary for gaining a contrasted state should
therefor be optimized. The prep. scan 1s extremely effective
for such optimization. For example, the prep. scan can be
carried out to optimize in contrast the strength of an MT
(magnetization transier) pulse between a contrasted brain
parenchyma and a rain lesion.

Both the “prep. scan” and the 1imaging san are conducted
with a breath-hold technique based on for example voice
instructions.

By the way, the “prep. scan™ 1tself 1s not directed to diag-
nostic imaging of a region to be 1imaged of an object, but to
optimization of a desired parameter of a pulse sequence, as
described above. For this reason, the matrix of images for the
“prep. scan” may be coarser (1.e., rougher) than that for the
imaging scan. Moreover, 1f the 1maging scan 1s carried out as
a three-dimensional scan, 1t 1s enough that the “prep. scan™ 1s
performed two-dimensionally, with the result that a scan time
can be saved. On the other hand, 1t 1s preferred that pulse
sequences employed by both the “prep. scan” and the imaging
scan are the same 1n the type itself thereof.

Returming to FIG. 1, the sequencer 5, which has a CPU and
memories, 1s able to store pulse sequence information that has
been supplied from the host computer 6. Based on this pulse
sequence information, the sequencer 5 1s responsible for con-
trolling a series of operations performed by the gradient
power supply 4, transmitter 81, and receiver 8R. In parallel
with this control, the sequencer 5 temporarily recerves digital
data produced from MR signals that the receiver 8R has
created, and then transier those data to the calculator 10.

The pulse sequence information includes all information
required for operating the gradient power supply 4, transmit-
ter 81, and receiver 8R according to a desired pulse sequence.
Such mformation includes the strength, duration, and appli-
cation timing of pulsed currents that should be applied to the
X-, y-, and z-coil 3x to 3z.

As the pulse sequence, a two-dimensional (2D) scan or a
three-dimensional (3D) scan can be adopted. Pulse trains can
preferably be employed by the pulse sequence, 1f they are
made of SSFP (Steady State Free Precession)-system
sequences. Such pulse trains include pulse trains based on an
SE (spin echo) technique, an FE (field gradient echo) tech-
nique, an FSE (Fast SE) technique, a FASE (Fast Asymmetric
SE; also called a “half-Fourier FSE technique™) technique, an
EPI (echo planar imaging), and others. The FASE technique
1s realized based on a combination of the FSE technique and
a halt-Fourier technique.

The calculator 10 recerves digital echo data sent from the
receiver 8R via the sequencer 5, and maps those data in a
Fourier space (also called the k-space or frequency space)
formed by an incorporated memory. The calculator 10 also
performs a two-dimensional or a three-dimensional Fourier
transform on the mapped data, so that an 1image in the real
space 1s reconstructed. If necessary, synthesis processing of
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image data can also be performed by the calculator 10. The
Fourier transtform may be assigned to the host computer 6, not
always to the calculator 10.

The storage 11 1s able to memorize, 1n addition to echo data
and reconstructed 1mage data, image data that have experi-
enced a wide variety of types of processing. The display unit
12 1s formed to visualize an 1image. The input device 13 1s used
to provide the host computer 6 with various types of infor-
mation including the type of an operator’s desired parameter,
scan conditions, the type of a desired pulse sequence and 1ts
parameters, and desired one or more 1mage processing tech-
niques.

The voice generator 19, which composes part of the breath-
hold mstructing part, 1s configured to utter, for example, a
voice message mforming a patient of the start or end of a
breath hold 1n response to a command sent from the host
computer 6.

Furthermore, the electrocardiographing part comprises an
ECG sensor 17 attached to the patient body to detect an
clectric ECG signal and an ECG unit 18 that performs various
types of processing including the digitization of the detected
ECG signal and sends it to both the sequencer 5 and the host
computer 6. Both of the host computer 6 and the sequencer 5
use this measured ECG signal as a timing signal 1in perform-
ing both the “prep. scan” and the 1maging scan on the basis of
the ECG gating technique.

The entire operation of the above magnetic resonance
imaging system will now be described.

When the imaging 1s started, the host computer 6 com-
mands a “prep. scan” accompanied by a breath hold tech-
nique, prior to an 1imaging scan (refer to FIG. 2). The prep.
scan 1s carried out as being described above.

Specifically, the host computer 6 reads from the input
device 13 both scan conditions and pieces of information
about parameters, which are directed to the prep. scan (step
S1 1 FIG. 3). Such scan conditions and information about
parameters are set arbitrarily by an operator with taking 1t into
account the imaging scan that will follow the prep. scan. The
scan conditions include the type of a scan, the type of a pulse
sequence, and a phase-encode direction. On the other hand,
the information in relation to the parameters includes a delay
time from R-waves of an ECG signal for ECG gating and
specified values of plural parameters 1n connection with the
pulse sequence.

The prep. scan 1s carried out with the use of, preferably, a
two-dimensional pulse sequence, which 1s able to perform
scanning a desired slice of a region to be imaged of an object.
A train of pulses of the pulse sequence 1s specified 1n type as
pulse sequences capable of acquiring all data to be used for
reconstructing an image of one slice per one time of excita-
tion. Such pulse sequences include an FASE (i.e., haltf-Fou-
rier FSE), FSE, and EPI method.

The host computer 6 reads 1n, from the mput device 13,
specifled information about a variable parameter of which
amount 1s controlled every time of data acquisition (step S2).
Such variable parameter 1s chosen from the foregoing plural
parameters. An operator specifies the imnformation about the
variable parameter 1n consideration of various factors, such as
the type of a pulse sequence to be used and a speed of blood
flow 1n a region to be 1maged.

After this specification, the host computer 6 determines the
type of the vanable parameter from the read-in information,
through the processing at steps S3 to S19 shown 1n FIG. 3.

(1. “Prep. Scan” for Flow Void Phenomenon)

First, 1t 1s determined whether or not the variable parameter
1s the strength of a dephase pulse 1n association with the flow
vold phenomenon (step S3). If this determination 1s YES,
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pulse sequences are set, of which dephase pulses are changed
in their strength at each time of data acquisition.

FIG. 4 exemplifies the outline of such a pulse sequence.
This exemplified pulse sequence 1s configured such that a
total of four times of data acquisition (Acq. 1 to Acq. 4) 1s
carried out with the aid ol both a breath-hold technique and an
ECG gating technique. A two-dimensional FASE method 1s
used to give one time of excitation per one time of data
acquisition. The ECG gating technique allows each time of
data acquisition to start at the same delay time from an
R-wave of the ECG signal, that 1s, at the same cardiac phase.
The pulse sequence could be formed based on other methods,
such as an EPI or FSE method, other than the FASE method.
However, 1t 1s desired that the plurality of times of data
acquisition accompanied by both the breath-hold and ECG-
gating techmques fimish within a shorter period of time, it 1s
preferred to use pulse sequences that have the capability of
allowing only one time of excitation carried out every time of
data acquisition to acquire data for one slice.

In each time of data acquisition using the pulse sequence
based on the FASE method, the RF excitation is carried out
only one time, which generates a plurality of echoes sequen-
tially 1n time. And each echo is read out together with each
readout magnetic gradient pulse RO (=Gj) applied 1n the
readout direction (frequency encode direction). Non-hatch-
ing pulses 1n FIG. 4 show such readout magnetic gradient
pulses RO. Furthermore, a dephase pulse DP 1s attached con-
tinuously 1n time to the head and tail of each readout gradient
pulse RO, as shown by pulses hatched 1n FIG. 4. As under-
stood from FIG. 4, both the dephase pulses DP attached to
cach readout gradient pulse RO 1s controlled (changed) 1n
their strengths every time of data acquisition.

Specifically, in the example shown 1n FIG. 4, the strength
of both dephase pulses DP 1s assigned to “zero™ in the {first
time of data acquisition Acq. 1, assigned to a “small” amount
in the second time of data acquisition Acq. 2, assigned to an
“intermediate” amount 1n the third time of data acquisition
Acq. 3, and assigned to a “large” amount 1n the fourth time of
data acquisition Acq. 4, respectively. Incidentally, in FIG. 4,
the phase-encode gradient pulse 1s omitted from being drawn.

In this way, when the variable parameter 1s selected as
being the dephase pulse DP, the determination at each of the
steps S7, 89, S11, S13, S15, S17, S19, and S21 placed for
selection of other variable parameters becomes NO. Hence
the host computer 6 reads out information about the pulse
sequence used 1n the prep. scan of which variable parameter
1s set to the dephase pulse DP, and sends 1t to the sequencer 5,
before waiting for the next processing (step S21).

In cases where determining that the prep. scan 1s ready
(step S22), the host computer 6 notifies the sequencer 35 of
instructing the object (patient) P to start one’s breath hold by
a voice massage (step S23). Further, the ECG-gating tech-
nique 1s launched so as to perform the prep. scan at the same
cardiac phase (that 1s, a single cardiac phase), with echo data
acquired (step S24). After this prep. scan, another voice mas-
sage 1s uttered to release the breath hold that has been con-
tinued so far by the object (patient) P.

Such prep. scan enables data to be acquired 1n sequence on
the basis of four times of RF excitation dedicated to a total of
four 1mages, as shown in FIG. 4. Each time of RF excitation
produces echo data for one slice. That 1s, 1n the case of this
example, the data 1s acquired 1n a single-slice and single-
phase mode. Alternatively, data acquisition can be done 1n a
multi-slice and single-phase mode, provided that the same
region 1s always 1imaged.

As described above, the strength of the dephase pulses DP
added to each readout gradient pulse RO 1s controlled every
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time of data acquisition, so that a dephased degree of spins 1s
changed each time of data acquisition. In the echo data
acquired 1n response to four times of RF excitation, various
dephase degrees of spins, which are different from each other,
are reflected.

On completion of the prep. scan, the host computer 6
instructs the calculator 10 to reconstruct images (step S26),
and then makes the display unit 12 to visualize those recon-
structed 1mages (steps S27 and S28). In this case, the dis-
played images are four in number at the same slice. A total of
four ways of dephase states that are caused due to the dephase
pulses DP of different pulse strengths are reflected 1n the
displayed four images.

Responsively to this display, the host commuter 6 allows an
operator to manipulate the mput device 13 so as to select,
from the displayed four images, a single image that depicts
blood flow at the highest quality 1 distinctiveness, then, to
specily the selected image. This specified information is read
by the host computer 6 (steps S29 and S30). Hence the host
computer 6 detect, from the read specified information, a
strength of the dephase pulses DP assigned to an image 1ndi-
cated by the specified information (step S31). The host com-
puter 6 operates to set the detected strength of the dephase
pulses DP as the strength of a dephase pulse used 1n a pulse
sequence adopted by the imaging scan that will be conducted
later (step S32).

Accordingly, the 1maging scan 1s carried out under the
conditions consisting of a variety of parameters and scan
conditions, which are set by an operator, as well as of the
strength amount of the dephase pulses DP best determined
through the prep. scan. By way of example, the imaging scan
1s carried out with the use of a pulse sequence on a three-
dimensional FASE method, 1n which the strength amount of
the dephase pulses DP determined as above 1s included. This
imaging scan enables of acquisition of echo data, reconstruc-
tion of 1mages, processing ol 1mages, and display of images.

The images provided through the 1maging scan are there-
fore provided as images obtained 1n the best preferable
dephase state of spins in blood flow. The images are thus
excellent in the depiction performance of blood flow, in which
such drawbacks as reductions 1n signal values on account of
the flow void phenomenon are removed.

In this way, the prep. scan carried out prior to the 1maging,
scan makes 1t possible that an optimum tlow void value 1n the
readout direction of a region to be 1imaged (that 1s, a ratio of
the dephase pulses to the readout gradient pulse) 1s found with
steadiness and reliability. The imaging scan can be carried out
depending on the found optimum tlow void value.

As a modification derived from the above configuration,
the signal values of data acquired by the prep. scan involving
the foregoing dephase pulses of various different strengths
can be used for measurement of a flow speed of blood.

(2. “Prep. Scan” for Effective Echo Time TE_ )

Returning to FIG. 3, the selection of the remaiming param-
cters will now be described.

In cases where the determination at step S3 becomes NO,
the processing proceeds to step S5, where 1t 1s Turther deter-
mined whether or not the variable parameter to be changed
through the prep. scan 1s assigned to an effective echo time
TE_» When the determination at step S5 1s YES, pulse
sequences are specified as in FIG. 5, in which data acquisition
1s carried out responsively to each of a plurality of times of RF
excitation and an etfective echo time TE_ ot the data acqui-
sition 1s changed excitation by excitation (step S6). The rea-
son for changing the eftective echo time 'TE_ -1s to positively
change contrasts to 1images acquired from a region to be
imaged. Preferably, each pulse sequence 1s composed of a




US RE43.,784 E

11

train of pulses based on one of a two-dimensional FASE (1.e.,
half-Fourier FSE), EPI, and FSE methods. By way of
example, 11 1t 1s supposed that echo data acquisition 1s carried
out six times 1n reply to a total of six times of RF excitation

[

included one time of prep. scan, the eftective echo time TE_
1s set as trials to 20, 40, 80, 120, 180, and 240 ms by turns each

time of data acquisition.

When the performance of the pulse sequences 1s com-
pleted, displayed are a plurality of images whose contrasts are
different from each other owning to the fact that the effective
echo time TE _ -was changed acquisition by acquisition (steps
S21 to S28). It 1s therefore possible for an operator to observe
the 1mages as to which contrast of an image 1s best excellent
and as to which image 1s desired 1n depiction. In response to
an operator’s specification of an 1image of a desired contrast,
the host computer 6 1s able to steadily give an optimum
eftective echo time TE _ -to the pulse sequence in the imaging
scan (steps S29 to S32). That 1s, the host computer 6 recog-
nizes an etfective echo time TE_,that has been given to the
image specified by the operator, and employs the effective
echo time TE_;as that for the pulse sequence in the imaging
scan.

As a modification, the above prep. scan may be adapted to
measurement of a T2 relaxation time by making the readout
time of echo signals equal to each other.

(3. “Prep. Scan” for Flow Compensation )

In cases where the determination at step S5 in FIG. 3
becomes NO, the processing goes to step S7, where 1t 1s
turther determined whether or not the variable parameter to
be changed through the prep. scan 1s assigned to a flow com-
pensation pulse. When the determination at step S6 1s YES,
pulse sequences are specified as i FIG. 6, in which data
acquisition 1s carried out responsively to each of a plurality of
times of RF excitation and the strength of a flow compensa-
tion pulse FCP 1s changed excitation by excitation (step S8).
The flow compensation pulse FCP 1s added to a readout
gradient pulse at the head and tail (at both the temporal ends),
continuously, but in reversed polarities. The tlow compensa-
tion pulse 1s changed in 1ts strength every time of data acqui-
sition, 1n order to change, as trials, conditions of an N/2-
artifact signal component that generates along a readout
frequency direction in a region to be imaged. A preferred type

of pulse sequence 1s composed of, for example, a train of
pulses formed on one of a two-dimensional FASE (i.e., hali-
Fourter FSE), EPI, and FSE methods. FIG. 6 shows an
example, where the pulse sequences each formed on the
FASE method provide echo acquisition 1n response to a plu-
rality of times of RF excitation contained 1n one time of prep.
scan. The strength of the flow compensation pulse FCP 1s set
to different amounts every time of measurement. By way of
example, the pulse sequence 1s carried out 1n a single-slice
and single-phase technique, but may be carried out in a multi-
slice and single-phase technique.

When the performance of the pulse sequences 1s com-
pleted, displayed are a plurality of images whose N/2 artifacts
in the readout direction are different from each other owning
to the fact that the strength of the flow compensation pulse
FCP was changed acquisition by acquisition (steps S21 to
S28). It 1s therefore possible for an operator to specily, after
observation and mutual comparison of the images, a desired
image. In response to an operator’s specification of the
desired 1image, the host computer 6 1s able to steadily give an
optimum strength of the flow compensation pulse, which 1s
owned by the specified image, to the pulse sequence 1n the
imaging scan (steps S29 to S32).
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(4. “Prep. Scan” for Inversion Time T1)

In cases where the determination at step S7 1in FIG. 3
becomes NO, the processing proceeds to step S9, where 1t 1s
further determined whether or not the variable parameter to
be changed through the prep. scan 1s assigned to an inversion
time TI. When the determination at step S9 1s YES, pulse
sequences are specified as 1n FIG. 7, in which data acquisition
1s carried out responsively to each of a plurality of times of RF
excitation and an inversion time 11 for the data acquisition 1s
changed excitation by excitation (step S10). The reason for
changing the nversion time T1 1s to positively change con-
trasts to images acquired from a region to be imaged. Prefer-
ably, each pulse sequence 1s composed of a train of pulses
based on one of a two-dimensional FASE, EPI, and FSE
methods each mvolving an 1nversion recovery (IR) method.
By way of example, 11 it 1s supposed that echo data acquisition
1s carried out six times 1n reply to a total of six times of RF
excitation included one time of prep. scan, the inversion
recovery time T11s set as trials to 100, 200, 300, 400, 500, and
600 ms by turns each time of data acquisition.

When the performance of the pulse sequences 1s com-
pleted, displayed are a plurality of images whose contrasts are
different from each other owning to the fact that the period of
the mversion time T1 was changed acquisition by acquisition
(steps S21 to S28). It 1s therefore possible for an operator to
specily, after observation and mutual comparison of the
images, a desired 1mage from a desired contrast viewpoint. In
response to an operator’s specification of the desired 1mage,
the host computer 6 1s able to steadily give an optimum
iversion time T1, which 1s owned by the specified image, to
the pulse sequence in the 1imaging scan (steps S29 to S32).

The “prep. scan” for optimizing the mversion time TT 1s
practically useful for imaging the whole heart two-dimen-
sionally or three-dimensionally. Circulation speeds of blood
flow differ person by person, thereby affecting not only loca-
tions ol a normal myocardial muscle and a myocardial 1ni-
arction but also the longitudinal relaxation time T1. This will
appear as changes 1n the iversion time, which 1s a period of
time required for the longitudinal magnetization Mz to reach
the null point. Hence the “prep. scan™ for optimizing the
inversion time T1 can be executed, prior to the imaging scan,
to find an optimum 1nversion time T1 that allows a normal
myocardial muscle, a myocardial infarction, and blood flow
to be depicted optimally [T using this optimum 1nversion time
T11n the imaging scan, the entire heart can be imaged two- or
three-dimensionally at highly improved contrast rates among
the normal myocardial muscle, myocardial infarction, and
blood flow.

As a modification, the above prep. scan may be adapted to
measurement of a T1 relaxation time by making the readout
time of echo signals equal to each other.

(5. “Prep. Scan” for Echo Train Spacing ETS)

In cases where the determination at step S9 in FIG. 3
becomes NO, the processing proceeds to step S11, where 1t 1s
further determined whether or not the variable parameter to
be changed through the prep. scan 1s assigned to an echo train
spacing E'TS. When the determination at step S11 1s YES,
pulse sequences are specified as in FIG. 8, 1n which data
acquisition 1s carried out responsively to each of a plurality of
times of RF excitation and an echo train spacing E'TS (a
period of time) of the data acquisition 1s changed excitation
by excitation (step S12). The reason for changing the echo
train spacing E'TS 1s to positively change contrasts given to
images or blurring in the phase encode direction of the
images. Preferably, each pulse sequence 1s composed of a
train o pulses based on one of a two-dimensional FASE, EPI,
and FSE methods each involving an inversion recovery (IR)
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method. By way of example, if 1t 1s supposed that echo data
acquisition 1s carried out six times 1n reply to a total of six
times of RF excitation included one time of prep. scan, the
echo train spacing ETS 1s set as trials to 5, 5.5, 6, 6.5, 7, and
7.5 ms by turns each time of data acquisition.

When the performance of the pulse sequences 1s com-
pleted, displayed are a plurality of images whose contrasts or
blurring degrees in the phase encode direction are different
from each other owning to the fact that the echo train spacing
was changed acquisition by acquisition (steps S21 to S28). It
1s therefore possible for an operator to specity, after observa-
tion and mutual comparison of the images, a desired 1image
from a desired contrast or blurring viewpoint. In response to
an operator’s specification of the desired 1mage, the host
computer 6 1s able to steadily give an optimum echo train
spacing E'TS, which 1s owned by the specified image, to the
pulse sequence 1n the 1maging scan (steps S29 to S32).

As a modification, the above prep. scan may be adapted to
measurement of a T2 relaxation time by making the readout
time of echo signals equal to each other.

(6. “Prep. Scan” for Flip Angle of Fat Suppression Pulse)

In cases where the determination at step S11 in FIG. 3
becomes NO, the processing proceeds to step S13, where 1t 1s
turther determined whether or not the variable parameter to
be changed through the prep. scan 1s assigned to the thp angle
of a fat suppression pulse FatSat. When the determination at
step S13 1s YES, pulse sequences are specified as in FIG. 9, 1n
which data acquisition 1s carried out responsively to each of a
plurality of times of RF excitation and the flip angle of the fat
suppression pulse FatSat used for the data acqusition 1s
changed excitation by excitation (step 814) The reason for
changing the tlip angle of the fat suppression pulse FatSat 1s
to positively change fat-suppression-specific contrasts given
to 1mages acquired from a region to be 1imaged. Preferably,
cach pulse sequence 1s composed of a train of pulses based on
one of a two-dimensional FASE, EPI, and FSE methods each
involving an inversion recovery (IR) method. By way of
example, 11 1t 1s supposed that echo data acquisition 1s carried
out six times 1n reply to a total of six times of RF excitation
included one time of prep. scan, the tlip angle 1s set as trials to
90, 95, 100, 105, 110, and 120 degrees by turns each time of
data acquisition.

When the performance of the pulse sequences 1s com-
pleted, displayed are a plurality of images whose fat contrasts
are different from each other owning to the fact that the flip
angle of the fat suppression pulse FatSat was changed acqui-
sition by acquisition (steps S21 to S28). It 1s therefore pos-
sible for an operator to specily, after observation and mutual
comparison of the images, a desired 1image from a desired
fat-contrast viewpoint. In response to an operator’s specifi-
cation of the desired 1mage, the host computer 6 1s able to
steadily give an optimum flip angle of the fat suppression
pulse FatSat, which 1s owned by the specified image, to the
pulse sequence 1 the 1imaging scan (steps S29 to S32).

(7. “Prep. Scan” for Inversion Recovery Performed After
Sat Suppression)

In cases where the determination at step S13 1n FIG. 3
becomes NO, the processing proceeds to step S15, where 1t 1s
turther determined whether or not the variable parameter to
be changed through the prep. scan 1s assigned to an inversion
time T1 after application of a fat suppression pulse FatSat.
When the determination at step S15 1s YES, pulse sequences
are specified as in F1G. 10, 1n which data acquisition 1s carried
out responsively to each of a plurality of times of RF excita-
tion and the mversion time 11 after the fat suppression pulse
FatSat 1s changed excitation by excitation (step S16). The
reason for changing the mversion time applied after the fat
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suppression pulse FatSat 1s to positively change fat-suppres-
s1on-specific contrasts given to images acquired from a region
to be imaged. Preferably, each pulse sequence 1s composed of
a train of pulses based on one of a two-dimensional FASE,
EPI, and FSE methods. By way of example if 1t 15 Supposed
that echo data acquisition 1s carried out six times i reply to a
total of six times of RF excitation included one time of prep.
scan, the inversion time T1 applied after the fat suppression
pulse FatSat 1s set as trials to 10, 12, 14, 16, 18, and 20 ms by
turns each time of data acquisition.

When the performance of the pulse sequences 1s com-
pleted, displayed are a plurality of images whose contrasts are
different from each other owning to the fact that the inversion
time was changed acquisition by acquisition (steps S21 to
S28). It 1s therefore possible for an operator to specily, after
observation and mutual comparison of the 1images, a desired
image from a desired contrast viewpoint. In response to an
operator’s specification of the desired 1image, the host com-
puter 6 1s able to steadily give an optimum inversion time T1
applied after the fat suppression pulse FatSat, which 1s owned
by the specified image, to the pulse sequence 1n the 1maging
scan (steps S29 to S32).

(8. “Prep. Scan for Flip Angle of MT Pulse)

In cases where the determination at step S15 1n FIG. 3
becomes NO, the processing proceeds to step S17, where 1t 1s
further determined whether or not the variable parameter to
be changed through the prep. scan 1s assigned to the flip angle
of an MT (magnetization transier) pulse (also called an
“MTC” pulse). When the determination at step S17 1s YES,
pulse sequences are specified as 1 FIG. 11, in which data
acquisition 1s carried out responsively to each of a plurality of
times of RF excitation and the flip angle (1.e., the intensity) of
the MT pulse 1s changed excitation by excitation (step S18).
The reason for changing the flip angle of the MT pulse 1s to
positively change MT-effects-specific contrasts given to
images acquired from a region to be imaged. Preferably, each
pulse sequence 1s composed of a train of pulses based on one
of a two-dimensional FASE, EPI, and FSE methods. By way
of example, 11 1t 1s supposed that echo data acquisition 1s
carried out six times 1n reply to a total of six times of RF
excitation included one time of prep. scan, the flip angle
MTCFlip of the MT pulse 1s set as trials to 90, 95, 100, 105,
110, and 120 degrees by turns each time of data acquisition.

When the performance of the pulse sequences 1s com-
pleted, displayed are a plurality of images whose contrasts are
different from each other owning to the fact that the tlip angle
of the MT pulse was changed acquisition by acquisition (steps
S21 to S28). It 1s therefore possible for an operator to specily,
alter observation and mutual comparison of the images, a
desired 1image from a desired contrast viewpoint. In response
to an operator’s specification of the desired 1mage, the host
computer 6 1s able to steadily give an optimum flip angle,
which 1s owned by the specified image, to the MT pulse to be
incorporated 1in the pulse sequence for the imaging scan (steps
S29 to S32).

(9. “Prep. Scan” for Flip Angle of Refocusing Pulse)

In cases where the determination at step S17 in FIG. 3
becomes NO, the processing proceeds to step S19, where 1t 1s
further determined whether or not the variable parameter to
be changed through the prep. scan 1s assigned to the flip angle
of a refocusing pulse. When the determination at step S19 1s
YES, pulse sequences are specified as in FIG. 12, 1n which
data acquisition 1s carried out responsively to each of a plu-
rality of times of RF excitation and the flip angle (i.e., the
intensily) of the refocusing pulse 1s changed excitation by
excitation (step S20). The reason for changing the flip angle
of the refocusing pulse 1s to positively change contrasts given
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to 1mages acquired from a region to be imaged. Preferably,
cach pulse sequence 1s composed of a train of pulses based on
one of a two-dimensional FASE, EPI, and FSE methods. By
way of example, 1f 1t 1s supposed that echo data acquisition 1s
carried out six times 1n reply to a total of six times of RF
excitation included one time of prep. scan, the flip angle Flop
of the refocusing pulse 1s set as trials to 180, 170, 160, 130,
140, and 130 degrees by turns each time of data acquisition.

When the performance of the pulse sequences 1s com-
pleted, displayed are a plurality of images whose contrasts are
different from each other owning to the fact that the tlip angle
ol the refocusing pulse was changed acquisition by acquisi-
tion (steps S21 to S28). It 1s therefore possible for an operator
to specily, after observation and mutual comparison of the
images, a desired 1mage from a desired contrast viewpoint. In
response to an operator’s specification of the desired 1image,
the host computer 6 1s able to steadily give an optimum {lip
angle, which 1s owned by the specified image, to the refocus-
ing pulse to be incorporated 1n the pulse sequence for the
imaging scan (steps S29 to S32).

As described so far, the magnetic resonance 1maging sys-
tem according to the various embodiments employs the tech-
nique of performing a “prep. scan (preparation scan’ to deter-
mine an optimum amount of desired one chosen from the
parameters of an 1imaging scan. Echo data into which changed
amounts of the desired parameter are retlected are acquired by
the prep. scan, and 1mages produced from the acquired echo
data provide an operator with an optimum amount of the
desired parameter in the actual imaging scan. This way
enables the contrast or non-contrast MR angiography to pro-
vide 1mages with excellent contrast, less noise, and higher
depiction of blood flow.

Additionally, there 1s almost no need for performing re-
imaging for reasons of poor depictions of images or the like.
Thus, a scan time needed for a patient can be shortened as a
whole, with operational loads on operators reduced remark-
ably. A patient throughput will be improved.

In the foregoing embodiment, the preparation scan per-
forming means (or unit) of the present invention 1s composed
of the magnet 1, power supplies 2 and 4, coil unit 3, sequencer
5, host computer 6, RF coil, recerver 8R, and transmitter 8T.
The preparatory image producing means (or unit) of the
present invention 1s functionally formed by, as one example,
the sequencer 6, calculator 10, and storage 11. The displaying
means (or unit) of the present invention 1s functionally con-
figured by the host computer 5 and display unit 12. The
selection means (or unit) of the present invention 1s function-
ally formed by the host computer 6 and 111put device 13, while
the setting means of the present invention is realized by part of
the functions of host computer 6. The breath-hold instructing,
means (or unit) 1s functionally formed by the host computer 6
and the voice generator 19.

The foregoing configurations of the magnetic resonance
imaging system can be modified many ways as follows.

In the foregoing embodiments, the variable parameter of
which amount 1s changed during the prep. scan has always
one type, but it 1s not a definitive list. One example for plural
variable parameters 1s shown i1n FIG. 13, where both of a
dephasing pulse DP for flow void and a flow compensation
pulse FCP are selected at a time, and the amounts of both
parameters are changed every excitation in the prep. scan, like
the foregoing ones. Hence a plurality of images to each of the
two parameters are obtained responsively to plural times of
RF excitation, even through one time of prep. scan. In other
words, preparation 1mages for both of flow void and flow
compensation are acquired at a time. This way of setting
plural parameters will lead to a saved acquisition time of echo
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data in the prep. scan, while still giving mutually-independent
optimum amounts to both the pulses at a time.

The parameters, of which amounts are optimized thorough
the prep. scan, may include a flip angle of an RF pulse (such
as an excitation RF pulse) used by a pulse sequence, a flip
angle of a refocusing pulse used by a pulse sequence, and a
TR (repetition time) of a pulse sequence. It 1s therefore pos-
sible, for example, to reduce the RF power by optimizing the
tlip angle of the excitation RF pulse.

Further, 1n the pulse train shown in FIG. 13, changing the
amounts of the variable parameter 1s started from application
ol the flow compensation pulse FCP. Alternatively, the appli-
cation of the dephasing pulse DP may be subjected to chang-
ing 1ts amounts prior to that of the flow compensation pulse
FCP (in such as case, the arrows are shown downward in FIG.
13).

The foregoing embodiment and 1ts modifications have
been directed to the MR angiography (MR A) carried out with
or without an MR contrast agent, but not limited to such
MRA. The present invention can be applied to MR 1maging
carried out without the MR contrast agent.

Although the embodiments described above contain many
specificities, these should not be construed as limiting the
scope of the present invention but as mealy providing 1llus-
trations of some of the presently preferred embodiments of
the present invention. The person skilled 1n the art can alter or
modily the present invention into a variety of different modes
without departing from the scope of the appended claims and
their equivalents. By way of example, the system described in
the foregoing embodiment and its modifications have been
directed to the non-contrast MR angiography (1.e., MR
angilography carried out without injecting an MR contrast
agent), but this 1s not a definitive list. An object to be imaged
1s not confined to blood flow, but any other objects, such as, a
tissue that exist 1n a fiber form, can be 1imaged based on the
principle of the present invention.

What 1s claimed 1s:

1. A magnetic resonance imaging system for performing an
imaging scan based on a selected pulse sequence to obtain an
MR 1mage at a selected region of an object to be 1imaged, the
system comprising:

[a preparation scan performing unit configured to perform

a preparation scan to acquire data for a plurality of
preparatory 1images all at the same common location 1n
the selected region of the object, the preparation scan
being performed with the value of at least one desired
image quality parameter of the pulse sequence being
changed for acquisition of each of plural preparatory
images;]

a preparatory image producing unit conﬁgured to produce

a [corresponding} plurahty of preparatory images hav-
ing respectively differing [image quality parameters}
inversion times Irom the data acquired by the perfor-
mance ol the preparation scan, the plurality of prepara-
tory images being acquived all at the same common
location in the selected vegion of the object without user
operation for changing the inversion times;,

a displaying unit configured to display the plurality of
preparatory images associated with the respectively dif-
ferent [image quality parameters] inversion times:

a selection unit configured to allow a desired preparatory
image to be selected from the plurality of preparatory
images displayed by the displaying umt; and

a setting unit configured to set, into an 1maging scan, the
value of the [image quality parameter] inversion time
associated with the selected preparatory image.
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2. A magnetic resonance 1maging system as in claim 1,
wherein the preparation scan performing unit 1s configured to
perform the preparatory scan with an image matrix smaller in
s1ze than that performed by the imaging scan.

3. A magnetic resonance imaging system as in claim 1,
wherein the preparation scan 1s a two-dimensional scan and
the 1maging scan 1s a three-dimensional scan.

4. A magnetic resonance imaging system as in claim 1,
wherein the preparation scan performing unit 1s configured to
perform the preparation scan prior to the performance of the
Imaging scan.

5. A magnetic resonance 1maging system as in claim 1,
turther comprising a breath-hold instructing unit configured
to 1nstruct the object to continue holding its breath during
preparation scan and during the 1maging scan.

6. A magnetic resonance 1maging system as in claim 1,
wherein the pulse sequence 1includes a train of pulses belong-
ing to SSFP (Steady State Free Precession)-system pulse
sequences.

[7. A magnetic resonance imaging system as in claim 1,
wherein the at least one desired 1image quality parameter of
the pulse sequence includes at least one parameter selected
from the group of image contrast parameters consisting of:

a strength of a pulse to suppress a tlow void phenomenon of

a flmid 1n the object;

an eftective echo time 1E_ -concerning behaviors ot spins

of the object;

a pulse to compensate spin movements due to flow of fluid

in the object;

a Tl (inversion time) of spins observed when an mversion

pulse 1s applied to the object;
ETS (echo train spacing) time given to echo signals
acquired from the object;

a flip angle of a fat suppression pulse applied to suppress

signals from being acquired from fat of the object;

a T1 (inversion time) time observed when a fat suppression

pulse 1s applied to the object;

a strength of an MT (magnetization transfer) to cause an

MT effectresultant from behaviors of spins 1n the object;
an angle of a refocusing pulse to reduce an MT eflfect to be
caused 1n the object;

a flip angle of an RF pulse incorporated in the pulse

sequence;

a thip angle of a refocusing pulse imncorporated 1n the pulse

sequence; and

a TR (repetition time) of the pulse sequence.]

8. A magnetic resonance imaging system for performing an
imaging scan based on a selected pulse sequence 1n order to
obtain an MR 1mage at a selected region of an object to be
imaged, the system comprising:

[a preparation scan performing unit configured to perform

a preparation scan to acquire data for a plurality of
preparatory 1mages all at a common slice located 1n the
selected region of the object, the preparation scan being,
performed with a T1 (inversion time) incorporated 1n the
pulse sequence being changed for acquisition of each of
plural preparatory images, the T1 being observed when
an inversion pulse 1s applied to the selected region of the
object;]

a preparatory image producing unit configured to produce

a [corresponding] plurality of preparatory images Zzav-
ing respectively differing inversion times from [the] data
acquired by [the performance ofthe] a preparation scan,
the plurality of preparatory images being acquired all at
the same common location in the selected region of the
object without user operation for changing the inversion
limes,
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a displaying unit configured to display the plurality of
preparatory images;

a selection unit configured to allow a desired preparatory
image to be selected from the plurality of preparatory
images displayed by the displaying unit; and

a setting unit configured to set, into an 1maging scan, the
[T1] inversion time period associated with the selected
preparatory image.

9. A magnetic resonance 1imaging system for performing a
three-dimensional 1maging scan based on a selected pulse
sequence 1n order to obtain an MR 1mage at a selected region
ol an object to be 1maged, the system comprising:

[a preparation scan performing unit configured to perform

a two-dimensional preparation scan to acquire data for a
plurality of preparatory images at a common slice
located 1n the selected region of the object, the prepara-
tion scan being performed with the value of at least one
desired 1mage contrast parameter of the pulse sequence
being changed for acquisition of each of plural prepara-
tory images;}

a preparatory image producing unit configured to produce
a [corresponding] plurality of preparatory images hav-
ing [different contrast parameters] respectively differing
inversion times from [the] data acquired by [the perfor-
mance of the] a preparation scan, the plurality of prepa-
ratory images being acquived all at the same common
location in the selected vegion of the object without user
operation for changing the inversion times; and

a setting unit configured to set the value of [the at least one]
a desired [contrast parameter for the imaging scan]
inversion time on the basis of the plurality of preparatory
images produced.

10. A method of optimizing [at least one image quality
parameter] an inversion time of an MR imaging scan pulse
sequence, the 1maging scan being performed to provide an
MR 1mage at a selected region of an object to be 1imaged, the
method comprising:

[performing a preparation scan to acquire data for a plural-
ity of preparatory images at a common slice located 1n
the selected region of the object, the preparation scan
being performed with the value of at least one desired
image quality parameter of the pulse sequence being
changed for acquisition of each of plural preparatory
images;]

producing a [corresponding] plurality of preparatory
images having respectively differing [image plurality
parameters] inversion times from [the] data acquired by
[the performance of the] a preparation scan, the plurality
of preparatory images being acquirved all at the same
common location in the selected vegion of the object
without user operation for changing the inversion times,

displaying the plurality of preparatory images;

selecting a desired preparatory image from the plurality of
preparatory images displayed; and

setting, into the imaging scan, the value of the [at least one
desired image quality parameter] inversion time associ-
ated with the selected preparatory image.

11. A method of optimizing [at least one image quality
parameter] an inversion time of an MR imaging scan pulse
sequence, the 1maging scan being performed to provide an
MR 1mage at a selected region of an object to be 1imaged, the
method comprising:

performing a two-dimensional preparation scan to acquire
data for a plurality of preparatory images at a common
slice located 1n the selected region of the object, the
preparation scan being performed with the value of at
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least one desired 1mage quality parameter of the pulse
sequence being changed for acquisition of each of plural
preparatory images;

producing a [corresponding] plurality of preparatory
images having respectively differing [image quality
parameters) inversion times from [the] data acquired [by
the performance of the] a two-dimensional preparation
scan, the plurality of preparatory images being acquirved
all at the same common location in the selected region of
the object without user operation for changing the inver-
sion times; and

setting the value of [the at least one desired image quality
parameter] a desired inversion time of the imaging scan
on the basis of the plurality of preparatory images pro-

duced.

12. A magnetic resonance 1maging system for performing
a three-dimensional 1maging scan based on a selected pulse
sequence to obtain an MR 1mage at a selected region of an
object, said object being placed 1n a magnetic static field, to
which magnetic gradient fields are applied and from which an
MRecho 1s detected, the system comprising:

a sequencer configured to operate 1n response to informa-
tion about the pulse sequence so as to cause not only the
magnetic gradient fields and the RF signal to be applied
to the region of the object but also the echo to be
recetved;

first means operated through the sequencer by a host com-
puter and configured to perform a two-dimensional
preparation scan to acquire data for a plurality of prepa-
ratory 1mages at a common slice located 1n the selected
region of the object|, the preparation scan being per-
formed with the value of at least one desired 1mage
contrast parameter of the pulse sequence being changed
for acquisition of each of plural preparatory images and
being performed with an image matrix smaller 1n size
than that performed by the imaging scan];

a calculator configured to produce [a corresponding] #ie
plurality of preparatory images having respectively dit-
fering [image contrast parameters] inversion times from
the data acquired by [the performance of] the prepara-
tion scan, the plurality of preparvatory images being
acquived all at the same common location in the selected
region of the object without user operation for changing
the inversion times:;

a display unit configured to display the plurality of prepa-
ratory 1mages;

10

15

20

25

30

35

40

45

20

an 1nput device configured to allow a desired preparatory
image to be selected from the plurality of preparatory
images displayed by the display unit; and

second means operated by the host computer and config-

ured to set, into an imaging scan, the value of the [at least
one desired image contrast parameter] inversion time
associated with the selected preparatory image.

13. A magnetic resonance imaging system as in claim 12,
wherein the preparation scan performing unit 1s configured to
perform the preparation scan prior to the performance of the
Imaging scan.

14. A magnetic resonance imaging system as in claim 13,
turther comprising a breath-hold nstructing umt configured
to 1struct the object to continue holding 1ts breath during the
preparation scan and during the imaging scan.

15. A magnetic resonance imaging system as in claim 14,
wherein the pulse sequence includes a train of pulses belong-
ing to SSFP (Steady State Free Precession)-system pulse
sequences.

[16. A magnetic resonance imaging system as in claim 15,
wherein the at least one desired 1mage contrast parameter of
the pulse sequence 1ncludes at least one parameter selected
from a group of parameters consisting of:

a strength of a pulse to suppress a flow void phenomenon of

a flmid 1n the object;

an effective echo time TE_ »concerning behaviors of spins

of the object;

a pulse to compensate spin movements due to flow of fluid

in the object;

a T1 (1inversion time) of spins observed when an mversion

pulse 1s applied to the object;

ETS (echo train spacing) time given to echo signals
acquired from the object;

a tlip angle of a fat suppression pulse applied to suppress
signals from being acquired from fat of the object;

a'Tl (1inversion time) observed when a fat suppression pulse
1s applied to the object;

a strength of an M'T (magnetization transier) to cause an

MT effectresultant from behaviors of spins 1n the object;
an angle of a refocusing pulse to reduce an MT eflect to be

caused 1n the object;

a flip angle of an RE pulse incorporated in the pulse
sequence;

a flip angle of a refocusing pulse incorporated in the pulse
sequence; and

a TR (repetition time) of the pulse sequence.]

dIl

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

