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[0 tagging pulse @ flip angle O#&Ef

kﬂ nextR
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RF |AUUA |AUUA
TP F1 F2 F3 Fk Fn echo nexlTP
‘_, TR g "TE" ;
) TS ‘3

o : flip angle of tagging pulse(TP)

TL : time lag(TP~F1)

TR : repetition time of field echo(=50msec)
TE : echo time of field echo(=22msec)
B : flip angle of field echo(=30")

n : total frame number

k : frame number
TS : R-R interval
NT: Fn~nextTP

Fig.1. Schematic description of the pulse sequence.
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S0 tagging pulse O flip angle O#&ET

W 16ms ICEE LT, R, & FAw B
THEHMD 1 AHD tag B X U non-tag DERAIIT
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a) 77 ¥ MNAIKBI S tag EOESBES LV
av A MNDEH
77 i (KA) © T (514ms), T,.{#
(34ms) ZEFHRWCARAL T, EED FAw
BUBETV—LDtag BBOETREERFEL
7o, Witag DI b I A b ERD T,
b) R-RFEBISLEID tag Da> b T X M52
% R
WRCEEO R-REBERALT, &7
V—AWBITZLEHD tagDa > T R b 25
B/, &8, TRIZS0ms ZEEL, £71—
L (n) XA R-REFE (600, 750, 1000,
1200ms) 2BV THEFRERRAD 7 L — A%
(n=10, 13, 18, 22) & L7z, LAFD T.{E,
T B RS EE 05T 2817 5 XHEED (T,=
583ms, T,=57ms) ZF\>, FAugix180°k L
7z,
c) LA O RF pulse 7 & ¥R @ tagging
pulse £ TOREE] (NT) 2L0LAFD tag da > b
FAMCEZ 2 HE
DEYRED RF pulse (F,) 5RO tag-
ging pulse (TP) ToOBE% NT (ms) &L
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Fig.2. Tagging cine MRI was performed for a piece of pork as a
phantom. Flip angle of tagging pulse was set to 180°.
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Fig.3. Comparison among time-intensity curves of
tagged or nontagged region in various flip angles of
the tagging pulse in phantom studies.
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Fig.4. Comparison among time-contrast curves of
tagged region in various flip angles of the tagging
pulse in phantom studies.
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L tagging pulse O flip angle O#&ET
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Fig.5. Comparison among time-intensity curves of
tagged region derived from the theoretical equation
in various flip angles of the tagging pulse using the
T, and T, values obtained from the phantom.
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Fig.7. Comparison among time-contrast curves of
tagged region derived from the theoretical equation
in various R-R intervals using the myocardial T, and
T, values obtained from literature®.
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Fig.6. Comparison among time-contrast curves of
tagged region derived from the theoretical equation
in various flip angles of the tagging pulse using the
T, and T, values obtained from the phantom.
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Fig.8. Comparison among time-contrast curves of
tagged region derived from the theoretical equation
in various NT (Fn~next TP) using the myocardial
T, and T, values obtained from literature®.
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Fig.9. The flip angle of the tagging pulse was set to 90° and 180° to acquire tagging cine MR images in a healthy volunteer.
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296

JLff tagging cine MRI &1z & 0 LEDOIEER
BAOEEE R BE T 5 7201213, DUERS (R ¥
5 350ms Bi8) LU B W T tag DRI 0
YINTANBBLETH S, BERNIC X DRETD
FER &5 250ms DAREDIHER > & JERIAIC
D1z B LRI BWT FAL =180 Tl b &\
YhNIANBBESNI, ZORRIET 7 b A
EERCHRE S L7z,

HmRIC L 2REHC X > T2 7 v —238 (n)
iZtag Da v b7 A MNCEEERITT Z LD
woltz, TREZEELTC, &7Vv—48 (n) %
A s 2 LLEAEREO RE pulse 2 5RO
tagging pulse ¥ TOKH (NT) N3 5.
wEEO 70 s iE, 20 NT O T
W70, ZhditagDI Y b TR MTE
PRIFTEROV EDEEZ 5N, TERAD
DIREEE DS TIE 7 U — ABEATRER R D %
SRET 70, NT 35EHEL tag Da > h 7 A
MIETT 5. £oC, &RbEWIAPTIA b
NEOND FAL =180 IR ET 2 LENH S &
Ez ok,



L tagging pulse O flip angle DT

FAw@e =180 ICRE L7-REORIES LT, B
FAB LT 7 v b AEBORERE D & IER A
DOEE (R #h5#7250ms £T) Ttag DI
NI AMBET UL (Figd, 6). L»L, 77
N AEE (Fig2) BLUBERI > T47
(Fig.9) BT 2EEOEBRIZB VT, tag D
BANIES T H 5 T D HEFRH D L IEEIRE DR
SEEEIZ W ERbT:.,

& B

ECG-gated tagging cine MRI #%&I2817 % tag
ERDE B IEE %2 K 2 W 2 H Tz,
G (05T) 2= & T, — MM % FE &%
(TR=50ms, TE=22ms, FA=30") %2 B v
7z 0ff tagging cine MRIEIC B 1) 3 tagging
pulse D Ex3E flip angle 1% 180°Tdh - 7=,

X B

1) Axel L and Dougherty L : MR imaging of motion
with spatial modulation of magnetization. Radi-
ology, 171 : 841-845, 1989.

2) Axel L and Dougherty L : Heart wall motion :

Improved method of spatial modulation of

magnetization for MR imaging. Radiology, 172 :

349-350, 1989.

Zerhouni EA, Parish DM, Rogers W], et al. :

Human heart : Tagging with MR imaging-A

w
=

method for noninvasive assessment of myocar-
dial motion. Radiology, 169 : 59-63, 1988.

Buchalter MB, Weiss JL, Rogers W], et al. :
Noninvasive quantification of left ventricular

'y
Z

rotational deformation in normal humans using
magnetic resonance imaging myocardial tag-
ging. Circulation, 81 : 1236-1244, 1990.

5) HEFEF, LEEE, A K, f:.0f tagging
FER AWy A MRLIZX 2.0EEBORE. BHE
56, 11 (3) : 159-165, 1991.

6) Bottomley PA, Foster TH, Argersinger RE, et
al.: A review of normal tissue hydrogen NMR
relaxation times and relaxation mechanisms
from 1-100 MHz : Dependence on tissue type,
NMR frequency, temperature, species, excision,
and age. Med Phys, 11 : 425-448, 1984.

7) Frahm ], Haase A, Hanicke W, et al. : Chemical

shift selective MRI imaging using a whole-body

magnet. Radiology, 156 : 441-444, 1985.

Keller PJ, Hunter WW, Schmalbrock P, et al. :

Multisection fat-water imaging with chemical

oo
=

shift selective presaturation. Radiology, 164 :
539-541, 1987.

9) Felmlee JP and Ehman RL : Spatial presatura-
tion : A method for suppressing flow artifacts
and improving depiction of vascular anatomy in
MR imaging. Radiology, 164 : 559-564, 1987.

10) Ehman RL and Felmlee JP : Flow artifact reduc-
tion in MRI : A review of the role of gradient
moment nulling and spatial presaturation. Magn
reson Med, 14 : 239-307, 1990.

11) Edelman RR, Zhao B, Liu C, et al. : MR angiogra-
phy and dynamic flow evaluation of the portal
venous system. AJR, 153 : 755-760, 1989.

12) Edelman RR, Mattle HP, Kleefield J, et al. :
Quantification of blood flow with dynamic MR
imaging and presaturation bolus tracking. Radi-
ology, 171 : 551-556, 1989.

13)‘ Edelman RR, Wentz KU, Mattle HP, et al. :
Intracerebral arteriovenous malformation : Eval-
uation with selective MR angiography and veno-
graphy. Radiology, 173 : 831-837, 1989.

14) Edelman RR, Wentz KU, Mattle HP, et al. :
Projection arteriography and venography : Ini-
tial clinical result with MR. Radiology, 172 :
351-357, 1989.

15) Edelman RR, Mattle HP, Wallner B, et al. :
Extracranial carotid arteries : Evaluation with
“Black Blood” MR angiography. Radiology, 177:
45-50, 1990.

16) IWIOBARER, AERE, WA —&K, fib: Multi-
phasic Tagging Cine $g{§¥:1C & 3 KEIRIMH O
=t. HBREEESE, 11 (suppl 2) : 153, 1991.

297



Study on Flip Angle in Tagging Pulse for Myocardial Tagging Cine MRI
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Tagging is achieved by selective radio-frequency (RF) excitation, and the contrast of the tag
should be dependent on the flip angle of the tagging pulse (FAi.). In order to determine the
optimal FA,; for maintaining high contrast during cardiac cycle in ECG-gated gradient field
echo myocardial tagging cine MRI, we derived a theoretical equation for the signal intensity of
the tagged region.

To verify our equation, tagging cine MRI was performed for a piece of pork as a phantom and
for a healthy volunteer using a 0.5T MR imager. The FA.,, was varied within the range from*
40° to 180° in phantom studies, and set to 90° and 180° in human studies. T, and T, values were
obtained from the phantom using spine echo images because these values were required for our
equation. The contrast of the tag was defined as the signal difference between tagged and
nontagged regions.

In the phantom studies, the signal intensity curves of the tag were similar to the theoretical
equation. The contrast of the tag remained highest approximately 250 ms following the QRS
when FA.., was 180° in our equation. This result was supported by both the phantom and human
studies.

We concluded that the optimal FA:,, was 180° to maintain high contrast of the tag in
myocardial tagging cine MRI.
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