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Fig. 1. The prospective and the retrospective ECG gating methods. The prospective gating
method uses ECG signal as a trigger to begin excitation, while excitation progresses independent
of ECG signal in the retrospective gating method and the trigger is used only for the advance-

ment of phase encoding steps.
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Fig. 2. Temporal relation of ECG and segmented k-space turbo-FLASH imaging. In the seg-
mented k-space turbo-FLASH imaging, multiple views are obtained in a single cardiac cycle.
This method realized an acquisition of ECG gated image in a single breath-hold period.

297



HWESE #7565 (1997)

L5 oC, BONBEED T2 @R ORE PR
5.

EREG =

CORERGEL WA OERICEEIL
TEEZBETS L VWORKDOERTOLEN
FHEELE Wz 5. L L, EFTIHEPI®
turbo FLASH #&: %132 Lo & L@l G n
FATES E21Cm00W, LENREIED
BWRARER BRI - TE. INHOEBRE
THILHEUAKEERELTET 5 LR
TELI®D, LENCRAPLTESZEAET S
EWSEKRITEN, DERETBECHRED XM I
VIRRETDH P LTHAVWONA. D
F D ORIRERE TN LS OENR Y
SE L+ 5pIF TR, FEBTRRELTH
BERICEN S8 & ORELEY LB G LRk
THb. ZLT LENEEERZTT - /oLRME
BB IHOOIRE L WO EREFEOI LTk
5.

T O EEIR I 81 5 acquisition win-
dowiZ, EPI CIIEIVUBEENRTH SN
turbo-FLASH . CREFIUB L2 D E

V. DB ZOMIC L EF TR TS
®, TOFEPEBIIENSZ LIIRETER
W L L, EBICERERET> TA5H EEBD
BETZELWAOTREL, LFERDTRIC
T L ARETH . EHPERICE 25
FEOKE XL, FEREORRHIECEG D%
Mo fEre, BESONRE, EBOR S LTH
T PR ARERIC L - TR DD, BERRD
#7300 X U D turbo-FLASH T A REEE
BARITREICHETESL L PBERINTY
A2 -BoncEBE, —EORERD
acquisition window @ > H & & ¥ & 5 (k-
space DFFRAIT) DS ZIE LR ROk
FERLTWAZ LAHEIDONT VS, HEE
DALY a— FTRAE ST k-space D¥Rr 5
I INE XN A DT, acquisition window D

298

RCHELNIEEPERBERS WD T &I t,c
5. fE- T, BIZIEMERBBRZESLD
ﬁ,b%@kUﬁ—#%@Eﬁﬁ%%%%b
Fig. 3l k524 I v/ THRERTZIE
By,

Z ORI B E MRI 3B ERHE A RO TRV
72, —LRBICEREZRVET LA TE,
Gd-DTPA % B\ 720 O perfusion study 7x
FIFIHIN WA &7z, LERICH
HLIcBBOBEA TV, LEMEN:
EOTREPREETHEBLLI LIV E WS F

ﬁ%%aw L L, BEBEFEROEREZBR
T 57z OIC RS R BEIC LA AIE L
H5.

Z DOl

COEFE», BRBERICHVS5NS MRI O
A== RERO—212, FFVTE (tag-
ging) BEF SN B0 KiRiTEEEE &3
HC KT 9 5 72 DI L EREVIC RS (5
V) TERATH A5, MRI OFREE# %

ARG LIcFHB W2 5. BERE
TR DK E X B EMICETRT 52 LI
foTirbh, tag b EENBFHROEREEHE
] LTENS. Tag DTS ITOH OESIC
o TBET A0, BERET>ETYX
MRI % fiWiE < DA TRE 0, Of
DB OISR HIx ' 5 tag DEEALE LIk
BEMICHHTELZ Lk s. L L, Ei#
wAT o B THREBEIT O™, tag DFH DAY
VORALZ TR & - TREEICEE LT
<o i, BgICkWTttagoav 5 A
FAMET A ERERL, BEHEBROERT
I3 tag IZE S BHRICHHE I NS DD, LEFE
PERT AT LI CRERE > TLES.
—fRIC, tag OFE X BAREICHE CE A%
VI AR T AR 0.5 BEEETT
BB, ELRPICOI-2BEIRETDH
5. - T, EERBTBRET AEAIITIEE



TRERZRFEINC 551 5 MRI OFEAHIFHE

e

central view at

. end-diasotle
trigger
¢ I TR
leple—l |
Td Ti image acquisition

Fig. 3. Temporal diagram to obtain an end-diastolic image using Ti-
weighted turbo-FLASH imaging. When the MR signal is obtained at
various cardiac phases from view to view in k-space, the resulting MR
image represents the cardiac phase at which the views of low spatial fre-
quency are acquired. Therefore, in liner phase ordering, the central
views are targetted to set at the cardiac phase to be imaged. End-diastol-
ic image can be obtained when the timing of the signal acquisition is ad-
justed as shown by changing the delay time (Td) from ECG signal.
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Fig. 4. Myocardial tagging using a presaturation method. Radial tags can be generated by

presatuartion method. Tags are straight just after their generation at end-diastole (left). The
tags twist at end-systole (right) to reveal the rotation of left ventricular wall.
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Fig. 5. Myocardial tagging using SPAMM (Spatial modulation of magnetization). Multiple and
parallel stripes can be generated by using SPAMM method. Typically, this method is applied
twice in the orthogonal directions each other to yield grids. The square grids at end-diastole
(left) change the shape at end-systole (right) allowing the fine assessment of myocardial motion.
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Technological Progress in Cardiac MRI

Tetsuya MATSUDA

Department of Cardiovascular Disease, Kyoto University
54 Shogoin Kawahara-cho, Sakyo-ku, Kyoto 606-01

Motion is one of the primary aspects of cardiac MRI from the point of view of technology. As fun-
damental techniques for cardiac imaging which take motion into consideration, conventional ECG
gating, segmented k-space ECG gating, high-speed imaging and myocardial tagging methods are
herein reviewed and summarized.

The ECG gating method serves as a simple technique to reduce motion artifacts originating from
cardiac contraction. There are two types of ECG gating methods, i.e. prospective gating and
retrospective gating. The prospective gating method uses ECG signals as a trigger to begin excita-
tion, where as excitation progresses independently of the ECG signal in the retrospective gating
method and the trigger is used only for the advancement of phase encoding steps. The retrospective
gating method is typically employed for the acquisition of cine-MR images. Introduction of k-space
segmentation into ECG gating methods has made single breath-hold cardiac imaging possible. This
method has expanded the application of cardiac MRI, such as for MR coronary angiography and
rapid evaluation of cardiac wall motion. Cardiac MRI has also benefited from the recent progress in
high-speed MRI such as turbo-FLASH imaging and echo planar imaging. A typical application of
these high-speed imaging methods is in the evaluation of myocardial perfusion through intravenous
administration of contrast medium. Another important technique for the evaluation of cardiac mo-
tion is myocardial tagging. This is a unique application of MRI and has made possible the non-inva-
sive assessment of absolute cardiac motion. Cardiac MRI owes much to technological advances in
the visualization of moving structures.
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