RO 155 1 R .0EE X A 1 black-blood #:1C & 5
OEDE# MR imaging
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BARFEETHSRESHE
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L&D MR imaging 1t LIAE DO P E
ERELZIHOBDENFREDO—DOTH 5.
1984 212 Crooks HUIC & - TCLENKEE T O
SE EBHEINTWES. L L, BB
Bomic b RO, o, B, PRIC K
% artifact ZfED LB E oo EFETHSR
ERREEEOFEZIC A turbo spin echo (TSE)
2 gradient echo e & (F A4 5 & b CTHEE:
MIOEHEATTAE & 72 D BER A EERICR D 205
52),3).

1989 4E, Mayo LY X D ENRBEH TIZ T
non-selective 180° preinversion pulse % #fFH 9
5T ETLHELABEORE LRIV F I A e
BT\w5. F7z, Edelman 553 section-selec-
tive 180° RF pulse % non-section selective 180
RF pulse ODEHICMZ 5 Z & TlRE S DA
304 L, black-blood & L TH&E L 7-.
Simonetti 59 1 Z @ black-blood # % TSE &
¥ LU fast-STIR BICHFA T 5 C & TR
i LOEEEIHL, DX IO ORE
A SBEICHET S EIE L T4, &

7=, Stehling 573 OLHOEERBE L LT
turbo-FLASH & # X (F HASTE ¢k IZ black-
blood IO LERAKEZHE L T\ 5. Tk
BEFERS VT 75 e L, MREs=H
#3 % black-blood &% fFH LR EIER LT
OBRFE T IC CUOROEEHRGE AR, OF
OREHICH A7 OV ZRFNC OV THIERRR L
7z.

HRELVHE

1996 4£ 10 A ~1997 4£ 6 A OfIC, DLEX
B HI N I MR L T I C MR B % T L
7RSS VF o THRA13H (19 %~74 5%, F
BER 4R, BHEILE, Zl26) 2548
L L7z, &6 6 2 70RO TV,
R L7z2813 1.5 T BEEE MRI 25&  (Sie-
mens £ Vision) T, f§%5 %1213 phased ar-
ray coil ZFH L7-.

MR #BEIEUTOFBETIT 7. £7, ¥R
&1L F T half-fourier single shot turbo spin
echo ¥ (HASTE ) IC k0 LEL KL EE
L, BEIRAEENAEREEZRE L.

*—TJ— F black-blood, MRI, myocardium
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Cardiac black-blood MR imaging

N &R —WE %% EE (breath-hold : BH)
BIULEXRRBIT (cardiac gated : CG)
{Z T black-blood-turbo spin echo # (BB-TSE
# ) , black-blood-HASTE # (BB-HASTE
#£), black-blood-fast STIR = (BB-STIR %)
DEDD/ VOV ARINC TR Lz, &EBIC, O
BEXFHIO TSE tx i L.

Black-blood # i3 Simonetti 58 = Xk 0 4
TNTWA L SDITR P trigger 9 < 1T non-
selective & selective @ paired 180° pulse % 7»
o, TIRffE# (=625ms) IC7 — X INEABH
#®L7: (Fig. 1).

Ifi—L, < bV v 7 A3 TSE ¥, BB-TSE
#:, BB-STIR EIZ Tk 256 X 231~256,
HASTE ¥, BB-HASTE #: iC C it 160 x 256
& L7-. TSE ¥ TCld echo train length=15,
BB-TSE # & X U BB-STIR # iZ T & echo
train length=233, echo space=10.24 ms, TR i
RREIED2fE ##E A L/, TSEt, BB-
TSE #Tid TE=76.0, HASTE % XU BB-
HASTE ¥ Ci%, TR=o, TE=64ms, echo
space=4.2ms, BB-STIR iz B\ Tt TE=
76.0 TTI=170 ¢ Z%E L.

BRAL S LT, £F, LHEBOEE?

W 18 4 #F 12 FOV =340 mm, slice & =7 mm fiie LT, Of, £EARE, BETERRS LT
BB-TSE
ECG
Non-selective +Selective
180" Pulse Pair
Readout
2
TR
« T >
Myocardium
== == Blood
7 Data
N acquisition
= —= >
' - - Time
- null point

Fig. 1. Pulse sequence of BB-TSE.

Timing diagram shows the effect of the blood nulling preparatory
pulses. The T recovery curves are shown for myocardium and out-of-
section blood. Non-selective inversion pulse applied at the R wave of the
ECG is followed immediately by section-selective inversion pulse. Image
acquisition is timed to occur as the longitudinal magnetization of blood
recovers through the null point. (Simonetti OP, et al. : Radiology, 1996 ; 199 :

49-57)

1998 461 A 28 AH 1998 4E3 A 16 HIET

BIRIEERSE T860-8556 AeATMIAY 1-1-1 REARFEESHHBAHEFHE W BT
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AREREE 5184 45 (1998)

noise (HEHIFSAICERE) D 4 DD region of in-
terest (ROI) #PEL, LD signal-to-noise
ratio (SNR ; signal intensity (SI) of myocardi-
um/standerd deviation (SD) of noise) #&EH
L7z. %7z, phased array coil Z#{#FEHD7-DIE
W7z noise DRTEVRETH AL LD, £F
DO ZEPWEEIC R4 % contrast ratio (SI of
myocardium/SI of It. ventricle) 35Xk UEZE LD
i fat [} 9 % contrast ratio (SI of myocar-
dium/SI of fat) #HH LBFIHEE & L.

W, BEAEHEE LC, &F0EE, O
DR T B OB—M, TEIROM
H, fESIHEOH—M, motion artifact O
FEO6HBICOWT, 2 ADOKERRBE A
1~5 & (1; unacceptable, 2 ; poor, 3 ; fair, 4 ;
good, 5;excellent) FHfi THAEAL, ThTh
DOFHER L SD # & H L 7. Mann-Whit-
ney REZ MW P<0.05 I THEBEZDBRER
T-7c.

o, BERIEGE LTI Thrvwbon,
OFBEEROEGN LA L7 O THETHRE T
5.

] R

a) EEAHIM

Table LIZ0# O SNR B K UEEMEE, &
TREBBICHE 3 5L D contrast ratio &7 .
SNR ¥ L U ZEZEWIRITH 4 5 0L85 O contrast

ratio 13, W% @ TSE tkk L O HASTE ¥
H# L BB-TSE #% % & ' BB-HASTE - 28 F
BILE» 57z, £7-BB-TSE¥,ICHE LT
BB-HASTE & EBICHRBETH - 7o B TR
fF T ®E 9 % 0 f O contrast ratio T i BB-
STIR ED A THBEILE D - 722, 1IMICER
RO LN o 7.
b) HEAIRE

Table 2 [T ORI & —t, BEBEIIROM
HOF®E, MmBEHAH OIS, motion artifact
FUOREOEEBICK T 57l x~d (Figs. 2,
3). LHOWHE L LHREEOH—HICE LT
{Z, TSE ¥ & " HASTE i & L BB-
TSE #, BB-HASTE #% X OF BB-STIR #72

RICEN T/, ®EIRO# H %13 BB-
TSE ¥, BB-HASTE % Cld &\ & © 0 BB-
STIR B THHABEREICEL, & LA HASTE kT
DHHEDOF BEs» - 7o (Fig. 3). EENE

Table 1. Results of Quantitative Evaluations

Myo/ventri- Myo/fat
SNR cle cantrast cantrast
ratio ratio

TSE 62448  25+14 024+0.18
HASTE  18.6+9.6* 4.1+2.2 024+0.16
BB-TSE  17.8454*  4.7+1.0* 0.17+0.07
BB TE  BL7E115* 105+3.8% 0.24+0.07
BB-STIR 10.7+3.8  2.9+07 0.95+0.46*
*: p<0.05

Table 2. Results of Visual Evaluations

over all  visualization of

uniformity of

visualization nulling of

image ventricular myocaldial signal  of coronary intraventicular ;r;gg)(?t
quality structure intensity artery blood
TSE 1.6+0.7 1.4+0.5 1.1+0.3 1.7+0.9 1.3+0.5 1.3+0.5
HASTE 3.2+0.8 3.3£0.7 2.8+1.2 3.3+0.9* 2.8+1.2 4.2+0.6*
BB-TSE 4.6+0.5* 45+0.6* 4.2+0.5* 4.4+0.9* 4.5+0.5* 4.3+0.6*
BB-HASTE 4.3+£0.6* 4.5+0.9* 4.3+£0.6* 4.3+0.9* 4.4+0.8* 4.7+0.5*
BB-STIR 3.9+1.0* 3.9+1.4* 3.2+£1.7* 2.2+14 4.5+0.6* 4.4+1.0*
*: p<0.05
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Cardiac black-blood MR imaging

s

Fig. 2. (a) TSE, (b) HASTE, (c) BB-TSE, (d)BB-HASTE

Cardiac-gated-BB-TSE (c) and cardiac-gated-BB-HASTE imaging (d) show better overall im-

age quality and visualise ventricular structures more clearly in comparison with cardiac-gated-
TSE (a) and breath-hold HASTE (b) images. End-diastolic image of the left ventricle is clearly
visualised on (c) BB-TSE and (d) BB-HASTE images.

g _——

i
o

T

Fig. 3. Comparison of (a) BB-TSE, (b)

BB-HASTE, (c) BB-fast STIR
All imagings show clearly the left ventricle, and cardiac-gated-BB-TSE image (a) clearly shows

papillary muscles. Coronary artery (arrows in (a), (b)) are seen on cardiac-gated-BB-TSE (a)
and cardiac-gated-BB-HASTE images (b).
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AmERE 8% 45 (1998)

O 1AM H %h 1 %5\ Tid BB-TSE %, BB-
HASTE ¥ 3% £ U BB-STIR (s OB & ERICH
B #1377 - 7=. Motion artifact {3 TSE % T
DAHEPONIZEHIL->TEY, BO/SIVARFE
ORNCH O P 2T RO, EEOBEBITEE
® TSE ¥ 3 X (FHASTE ¥ = i # L BB-
TSE #, BB-HASTE #3% & U BB-STIR #E4
HEICEN T\ /-. BB-HASTE B ClE®&IC
FHARGNh, EEEITEVLDDBB-TSE
BV R D RFAEERE SN T (Fig. 3).

e 2

MRIZ & % .O# OFHE L LAREN L RO
BOI-0# L, BRFEIIDI-TOFETH-
7z. 1987 ££1Z Madeline 581, SE &I k-
TOHEEOHE SRR ThH - 7o L3S LT
BB, WROMBOFETT —F 777 FeD
EERAE LVEGAI LS W2 LTWA. STETIE
EERBEEDO—D>TH 5 gradient echo IR
ABENnTkD, cine MRIZ X 58 & OFHE &
LTEREINE I EHBE . F£/z, TSE#ED
JGHEh>25 4%, ODERRMTO TSE
F1ZA5AA ZAOBBIHTHELELTS.
DO L 20T 5 C &L < R
WCRES 7T —F7 57 7 b B&EW. Fio, LAE
& L L7z LIEBEOIE R 2 TS REO
KIAE O 7o FAED S FEREFRN N T —F 7
77 FOBERE LAY, Zhick# L HASTE
B2l 254 2% 1 BICTHREYETHY
1R T 15~16 25 4 ADOEAL AT hE
LAY, O, RIS T—FT 77
FMAEA L, OREEREEAITIET 5DIIE S
LA NI & D EEIREATORE b
WEETH -7z, LaL, DAEOmMEITREIC
FoTREES AT L4% LNEOHEH
KiED» - 7. T, LFHBERBIC—FT 5D
TGS, |BEXA I VIICHECERHEOR
STeDVRPRBINSZ b, il
L, BB-TSE #, BB-HASTE ¥ k Xk U BB-
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STIR & TR EIE & LBEXREEZ6HET 5
CE TR KBTS T —F T 7 7 b
WA I DT ERERETH 591D, Black-
blood # & L Cid Simonetti 512 &k - THRE X
NTW5 L SIZ, RIFHEMBEIC non-selective 13
& U section selective 180° pulse %233, Il
& 5 % null point Z 1B T 5 REH T (TT KR
%) WELBE®T 5. RREMEA B L% 1000
ms DA TI=625ms TME 2 null &7 5%
EHEINTWAEY. TRIHIRIEIREE RN
—8L, BRI I VTS LRHO TN
b L&E2%. 7z, BB-TSE ¥, BB-
HASTE %% X U BB-STIR D ¥ O EEIC
BWTHHEEZED & LR mmIHiL BiF
THY, #HEDTSE B, HASTE (T ik
L, OfF & LA E O contrast 2B &2 -
FL, DRBEOHELBEICHETE TS -
728,

BB-TSE ¥ LU BB-STIR Gl 1 /ekf=
ETRIZASA ZALPBRETERVHOD,
BB-HASTE ¥ Ci3 1 MER{EIE T 3 X5 4 AH
BEEFRETH 5. &7, BB-TSE Bl bl L
BB-HASTE #&i3 SNR 8% <, O LK
& @ contrast ratio b b EM -7, L L,
CNEWHEHEOR Y )t A ZDENPN Y R
BOBWCEET S EE2 6N 51D, %,
HASTE &3 TSE IBIC B LR 7 L v A X
BREVDRIL ST, HAFD echo DEF DK
TiC & 0 BB, blurring & WS SR
ROBNTNEY (Fig. 3). O LIIBEEXE
CXIEN D DDOEEDOEE L BB-TSE % TR
LbEroERO—DEZHNS. BB
STIR I &A&DEEPEH L, EFIC L HEE
DL DZENRR)? 5 7=, Fig. 3(0) IR D BN
B RS CRSBOFE IR %, IRIFHSE
BARE—THDH EBED oI, TODOLE
BEERHICLEOOEREWVERTH -7, %
72, DEFICBWTHILFHOFE B ORI E AR
ThHBH ENREN o7z, BB-TSEETH D
BRLOEHICRTRO b, BERHOES



Cardiac black-blood MR imaging

Fig. 4. 74y.0, male (OMI of LAD lesion)

Axial HASTE imaging (a) shows thin wall septum and apex both had infarcted myocardium.
Cardiac-gated-BB-fast STIR imaging (b) shows high signal intensity of the anterior wall, which
is consistent with ischemic area on Tallium scintigraphy. Any signal changes were detected on
either cardiac-gated-BB-TSE (c) or cardiac-gated-BB-HASTE imaging (d).

LA EOB EABEIICEE LR L TVWA &
% 2 5 7-. BB-TSE ¥ Tld BRI IC R ICE
LW A TEEOEROLIHOMHI AR & 78 -
TWAEFALEEL, hbEREOR = LB
HLCWAABENEAD D, SHROBEROLENE
MR INTc.

Bl « 13 2 OLERIFEHAT black-blood 5
ZEBROBKRIGAICER LT\, Fig. 4130
HEEOFICAFHELZHEILG LD THAS.
FNO/ OV ARFIT LT RFICHE SN T
WA D, LFEEOE S ORF L STIR Tk
LIS EN W, R LER Lick DT
STIR BIREOHFE L < ZBHE T OH
EEORE—UENFET SH. COEFLZ DR
A BFEZTEAW. L L, Simonetti
LODOIEIT TV T H FRIMERZEL STIRET
FOBBICHE SN TCOAHIRTHD, &/
Z%F0E SNR {FEVWH OOV T A MEE

WehEZ LN, SHEALES LERILHE
gt L&,

L EIOBENC TERE R L OLERFEH T
0 black-blood ¥ O P i Tk LB I LU
WICHES 7 —F7 7 7 FABER L, 2FOEE
MEE L. CTHICR D, LIEFREOEESE
5L DL EEOHH AR TH -7 55
OVEBIC KT A BRIGH ORTREME ARE S N
7z.
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Breath-hold Cardiac-gated Black-blood Fast MR Imaging of the Heart

Junko NisHI, Yasuyuki YAMASHITA, Seiji TOMIGUCHI,
Toshimi YOKOYAMA, Mutsumasa TAKAHASHI

Department of Radiology, Kumamoto University School of Medicine
1-1-1 Homjo, Kumamoto-shi, Kumamoto 860-8556

In order to evaluate the value of new cardiac MR imaging techniques that overcome problems
with blood flow, cardiac motion and respiratory motion, 13 healthy volunteers were studied using a
1.5 T superconductive magnet device (Siemens Magnetom Vision) using rapid imaging sequences
with blood signal suppression. We implemented breath-hold cardiac-triggered HASTE, TSE and
fast-STIR sequences with preparatory radio frequency pulses to eliminate signals from the flowing
blood and compared the images obtained thereby with images obtained with a Te-weighted turbo
spin echo technique.

Based on visual and quantitative evaluation, breath-hold black-blood HASTE, TSE and STIR im-
aging were free of cardiac and respiratory motion artifacts and blood signals, and provided excellent
image quality and visualization of cardiac structures. Blood in the heart chambers was uniformly nul-
lified and motion artifacts were effectively suppressed. The image quality for black-blood breath-
hold cardiac triggered Tz-weighted TSE, STIR and HASTE was significantly better than that for
conventional turbo-spin echo sequences. Further clinical evaluation of these techniques is necessary
to define their role in cardiac imaging.
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