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Clinical Evaluation of 3D Delayed-enhancement | LB

MRI Using Parallel Imaging
in the Assessment of Myocardial Viability

Shinju Suzuki', Toshiaki Nitatori'"’, Kenichi Yokoyama'’,
Shuji Tdkdhdshl” Hideo Yoshmo‘” Toru N]Shlmuraz]
Kentaro Nakamura®, Shinya Murakami®’ |
Shuhei Takemoto®, and Shigehide Kuhara®

This study aimed to evaluate the efficacy of breath-hold three-
dimensional (3D)delayed-enhancement MRI using parallel
imaging in terms of the effect of parallel imaging on the image
quality and visualization of myocardial infarction. Twenty-
two patients (17 men and 5 women) with suspected myocardial
infarction underwent breath-hold 3D late-enhanced viability
examination at least 30 days after occurrence. All patients
underwent a Tl-scintigraphy examination. First, 10 patients
were examined without applying parallel imaging, then the
next 12 patients were studied using parallel imaging. All 3D
late-enhanced images at the short axis were acquired 10, 15,
and 20 min after an injection of contrast agent, and both the
long axis and the four-chamber views were acquired after 15
min. In quantitative analysis, the late-enhanced myocardial
images at 10, 15, and 20 min showed higher contrast-to-noise
ratios (CNR )in parallel imaging than those with no parallel
imaging. During the time-intensity curve of the myocardium,
no significant change was observed at 10 or 15 min; however,
marked signal reduction was observed at 20 min. In diagnostic
evaluation, images obtained with parallel imaging were
superior to those without parallel imaging. In general, the
application of parallel imaging reduces acquisition time with
an expense of reduction in SNR. However, the breath-hold
3D late-enhanced images with parallel imaging showed no
apparent SNR reduction. Furthermore, parallel imaging provided
clear edge definition between the infarction and the normal
region. The reduction of acquisition time with parallel imaging
may be less susceptible to fast cardiac motion. In conclusion,
breath-hold 3D delayed-enhancement MRI using parallel imaging
was highly evaluated in our study and may show promise in
clinical application.
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BRIt OEE 2 F 2858 E LT, QMRS % magnetic
resonance imaging (LA FMRI) TZW L &9 & T2 L@
Wrikix, BRI ZEZvwbon, o FEIHE
L, TERBWOHLTHD o L BEERL NERTICE SR
BHENTEDORSENTED R SR TWwah,. 2D Tinversion
recovery (LU FIR) %% W CEIERE R 2 iR L, HEZELh &
E WO & & RER T A0 R IEE R, O

&, WMEOBIS, MEEDOR S LBECFHEAE £ - 7
BB L. ZOWBEIZRITTITDNS Z ALV,
DivhIURITREE Sz, vwibW Aparallel imaging % 7K
TP L, #igmem o it & B A oRRLz X5
L ERTAREEEA L, BRREIT OB % 17,
M B B OB~ DA FPEIZ DWW TRES L 7.
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30H BLEAES LB ESEITIhTwA. T2,
LB CMRIEAETT30 H LAY S, Thallium-201 Single Photon
Emission Computed Tomography-(:fifi > » F 275 7 4 (LLF,
LMBSPECT) GIES) - SEM BT OREHHRG) A MifT S h Tw
5. EHZEIL1.5Tesla@ BERIMRI (BZ1H EXCELART
XG, I /EFHEYS R 30mT/m, slue rate 150) TH Y, 2
1 JVi&Torso SPEEDER coil (4 F % » F )V E 7213 8 F v
V) LAz, 7OV A Y =7 ¥ Aldinversion recoveryfif
H3D-AT 74— 27— FkTHY, BAHD1061IZ1Z
parallel imaging & fif FH-&3°, DD 126112 Tparallel im-
aging (SPEEDER factor = 2) % il L THi& %1772, 4B
REFTIE %45 & LT parallel imaging”™ & H\ 72275, SEER
|ISPEEDER (ZH ) &\ ) v —r Y A%ER L2, TR/
TE(X5.0msec/2.0msec, flip anglel£10°, 7 — & U~ 1)
v 7 213128 x 256 ThH 1), [CHEEEE (T : ZHo¥o 7 4
~ ¥ TOKM) (Zparallel imagingIEPf FIFFAS192msec, par-
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allel imagingff FHEFA%250msec % 2EHE & L20msec & EAIZIF
HOHAnull point (525K 0) L2 B X9 2@ L.
FOV 350mm, slice thickness 10mmé& L, AF 7EiZBD
BODLIHEOKE ZIZE D 100mmd 5\ iE110mm e L7z,
2PN TULEMEY T CH#if% L7z, sampling window|Z,
parallel imagingJEff I 240msec, fEHE120msec, total
scan time(324H.BTH V), — [l I T2 THR(EATIT
HETd o7z, #ifAlidgadopentate dimeglumine (Gd-DTPA)
20ml & LI HHIR S 2 I TFEIRD S AR | 500
THHEL 2. HRBISIHERLG L D 10, 15, 20505 3 [
To7z. FABETHITEARI OO E TS TH 525, #
RS 5 IZEIE O Rl 2R E, FllkEw
BI|mBE L.

CITHRONI g R, EEE T FREHNCERIC
1352508 L, BOBOLIEL, FEFEfREE, L9REks
L7z, &350, LA & EEREPIER %2907 D 4 40814 2
ZEIZED, AEtIDDET AV IIELON, ZDOET A
> b FEIZLUT DRl % 47 - 72 (Fig. 1).
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1B 2 b LT RCOERIREGETH 5.

2. EEOBOEEFHE
FEEMIRIZBWT, 27 A0 b TEDEEON, EiEOH
DEFHRELNE L. BHRElEIc>wTlE, £t
A Y PR, EEOHE DIZBOBOD 3 AFTOROI
FRIRL, FHHEEZOLT A POEBREE L7,
contrast-to-noise ratio (CNR) = 3552, ( il O E B 5GFE — 1F
WORDEFWEE/ Ny 7 75 F ) 4 ZAOEHERAE L&
#F L, EHMFHE % 1T > 72, parallel imagingJEPfFE & 6
MBEL DL, BOBOBERMIA0, 15, 205 H%OFEE1T
WIEEME + BRUE(R 2 CREIR L 72,

3. BEREICXMT 2 22UTEEAHE

IR 57314 OB IEE FEMRIFT [, & 2280 (O iFSPECT)
Pt i, & O%f % parallel imagingJEQE FIHE & HFFIEE 4T D
BlHZBWTiT o7z, FHMIEMRIFTR, SPECTHTRE bi2h
DBDDORER IS R VTHIE3 ZH TR 77, BR
DA—HDBGE TG L Y PeE L7z, MRITIXEEIIEIC
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Fig. 1 Display of nine myocardial segments on a short axis plane
used in this study.
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parallel imagingJFOFHEE & BETEIC BT 22022 b D
LOFHA DT kFig. 2 IR, $RTOESAY M2k
'Y Cparallel imagingff FAREASIEGEFITE & Ll L THEIZE
xR L7z, 7 22 FRITIE, parallel imagingJE0F A
TRT7AZ 4 BEIOS 5, parallel imaging i FITEC & 7
A2 b AdEbEMERLA. —J, parallel imagingJEff
FHBE - PERABEL D12, kA P e DML EIETH - 72,

2. ERUBROE BRIV

parallel imagingFEBFFHRE & TR B 1T 2 FHBIERN 2 &
DCNRDFHE)ffi % Table 1 IZ77F. parallel imagingfif Jfl B
DFH, BERED 51058, 1557, 205X TORERMIZB
WC, JEBEHREL DAIRICEEE R L7z (p<0.05). Mk
FBITIEMEE L B 1210, 155 TEEALNT, 2050
Tl 2 7R3 i DA S s,

3. BERE (I3t 2 RMIAERTE
FESPECTRT L ML LBFRAS R o /22 7 2V MiZD
lr\'t'f?)ﬁ*% #Table 2 |Z/" . parallel imagingJEff: FHEET
MPSPECTHT AL Tl S AR LD 9 b, FF5 &
?“)i Y PCEBESEC LR TE ah ol BIEERITRD
bk 7 A DI E, 17X MIFETIZRE LY
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116 A ZERE ORI 12 35 1T % parallel imaging P F = GO i AL SEMRI O 47 {4
# * 3 NS * % NS * * * #
Point [ [ M [ 1 (. L (I 1
4 I T T I I T 1

"
-
!

1 2 3 4
#: p<0.05, ##: p<0.01, NS: no significant difference

8 9 segment

segment 1 2 3 4

5 6 7 8 9

Without parallel

; x 2.67+0.83 | 2.20+0.46 | 2.25+0.96
imaging

2.75+0.96

2.75+0.96 | 2.00£0.63 | 2.25+0.96 | 2.67£1.15 | 2.20+0.82

3.30+£0.67 | 3.43+0.79

3.83+0.39

3.57+0.79 | 3.09+0.94 | 3.67+0.71 | 3.67£0.49 | 3.25+0.89

Fig. 2 Visual evaluation of myocardial normal region. Comparison between the use and non-use of parallel imaging.

Table 1 Changes in myocardial delayed-enhancement contrast

according to time after Gd-DTPA injection.

Without parallel imaging ~ With parallel imaging

10min  18.54+6.32 Tns 22.77+14.75 Tns

)
15min  16.04+6.77 ] }* 22.07+15.19 ] ]n
20min  11.99+7.15 4 * 14.75+10.48 -

* p<0.05, **: p<0.01, NS: no significant difference

RAABZEDNTE, G272V P CREELZHEATE

BWIETTHo7z. —7F, GHISPECTIC TRA RN T &
o lgt 427 Ay P CRBEEEREHZIHRTE

7o. TOHB2ET Ay MIARETHE L LTHith S hr.

BIESERCOREIFELTIE, 1Z& A LEBEREICELIZA
bl oiz. 7272 Lparallel imagingffHBETO 1 £ 7 2
v MZBWT, 1057 TRENHIE S NF155 % TEEHR
DIV S NTIER DA L 7.

z =

198044 & LN HE ZE DRSWT |2 3E MR & F V2 5 8l A A%
b T &Y, Bidspin echoiEAS VS Nzds, T
LTI RGN C, FERERECEM LA O B S
EThEWETFLRECHRIBONT, HRLMET — F
777 MILAWEADET HY, HMEEOBWIILITL
EHEEETH o7z 1990 5 L, EEHEEDESC
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Table 2 Agreement of myocardial infarction between 3D myo-
cardial delayed-enhancement MR imaging and 22Tl

SPECT (with and without parallel imaging).

Patient MRI without parallel imaging 201T| SPECT
No. 1 37 3+-7-9
No. 2 5-8 5+-8-+9
No. 3 none 8

No. 5 4 3-4
No. 8 none 5

No. 9 @®-5-8-9 4+-5+8+9
Patient MRI with parallel imaging 201T| SPECT
No. 12 @:-®-6-7-9 2:3-6-7+9
No. 13 1:2:® 1.2
No. 15 4:5-8+9 4+5-9
No. 16 37 3.7
No. 17 2-® none
No. 20 3 359
No. 21 @@ 3.7

(O: Subendocardial infarction)

&Y IPRAE LT TOLBERBEIRESTREE 2D, S51C
inversion recovery (IR) % Fiv» 5 & & 12 & 1) FEZE. & 1E
WlEDy b7 A MPREIZEELZ. ZOkoE
JEMRIC & B OEEOZ WL X —BHEEH T, BRA
FHEC OV TOREDPRES (RS hTnHO0,

HARERESHE $565% H25
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Without parallel imaging

Fig. 3 Visual evaluation of myocardial enhancement. Comparison between the use and non-use of parallel imaging.
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A: A 77-year-old woman with moderate transmural myocardial infarcts. A B
B: A 73-year-old woman with focal transmural myocardial infarcts.
Without parallel imaging provided unclear edge definition between the infarcts and the normal region. Moreover, the c D

case shows blurring.

C: A 62-year-old man with large transmural myocardial infarcts.
D: A 59-year-old man with large transmural myocardial infarcts.

Parallel imaging provided clear edge definition between the infarcts and the normal region.

L&L, TOWEEEIERRILTITObNSEZ LW
<, BEIEEHME, RMEoshehs 4~5 nikgd
L7280, 10EFEED BILD ZIRATB Y, Bk EE
HEWNRETHMAL LTS &Il 2 HREs:0EEH
KD Tz, ASElbhvbitid, mEfiEans, wb
W % parallel imaging & A<=\ 20FH L, HRf@mER o %L &
BHEAHEOBREALZ K5~ ZRITHIG 238 A LR
TOMREITo 7.

parallel imaging (3O a4 VW E Ty a—-FAT Y
FHEEEZ RS TFET, 1084720 OF— & UEREH O
i, R OB G R) O ASTFRIZ 2 B 1013 5
M1z, oM & L Tsignal-to-noise ratio (SNR) D F
BELLD, LHBOEED L) DL VEi{EEGE 2 LS
TE 570, EFGHORMEREICBWT, X)izFodn
WHfEE 155 Z & AT E 72 (Fig. 3).

% 7zparallel imaging B34 &, IEH-LHOES % null
point FI £ DD THWEH T UE T 2 72012, IEHOHD
BEFLVETLAEEZEVHGOND Z LT, #MEIMICER
LDy M I A FDEVBIEEEIGRONbDEE
Z 5N (Fig. 4).

IEH OLHHEE T, MM RO K D80%LL L%
B A, Zhuax LHBEANEIZ20% LT TH ), MRIEW
#IGd-DTPAIZ Z DMFIHMHST W)L < 53Ai 3 5. L iE

TR 17HE4 A 25H

HHEL AL, BRI OB BREE 2 &1 PE L
NS+ 5 Z eIk b, MIRgsNE S EFEISA S 5 72
OGA-DTPAD AR T 219, ZOFFR, Bl
DOTHEMEMIZERE L, EFOHE0a > b7 A MRS
NaAEENEY, ZOTHEMEROZ LE L 0 B2 H
TA5HTIREFHVONTE Y, #MYICHE Sz
{1 FIREE Tldnull point & Hla 2 L TOLAMEE 55 5 v
BEEFLL, BEFTOREMEDIT Y F T X FAHHD T
BB ISR S MBREALASTRE L 72 5.

TR O ERIEHE T, parallel imagingff HEED )7
HIEGFRIBEICH L, W ORBEFHIZB W T AEICH
WCNRZG B N7z, I & ORI O 3 AR RE AS,
BN % GO FHRRIBIET 51243, BHERGR ISR
RETDHEESNDY, SRIOBEHTIXERGERI05 L 15
S TOCNRIZERIIED T, 200 BICHEZIET T AH%
Eofz. Lizdto TERMFHEO A DFERTIX, WK
MEMED 7= DIZ105HTOWMBE O TREL EZ b, L
L, MHEERRZE TN T 2 BRIl B VT, 105 THRE
P S TS TR R A2 12580 & NIz ERIAS
HFAELTEY, 100BTIRIEMLREOHEN 23 Tw
B WIREMEATRIE S h 7,

DBIEE EMRITIY, RS — 7 » ALEKFEIIIR
HEEAVTWS, FEREE (TI) 2 @8Rk ET 5 &, EW
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S| i i
0.5 i
1 Cardiac
4 P motion variation
0 : / 1 1 1
0 i 1 1.5 2
o5 3 Without parallel imaging

TR/TE=5/2 msec
Segmentationx2 and sequential
matrix 128x2586,

sampling window 48x5=240 ms
Total scan time 24 H.B

|| inversion pulse

S
0.5
Cardiac
motion variation
Contrast g L ! :
variation o 1 15 P
With parallel imaging
-0.5

TR/TE=5/2 msec
Segmentationx2 and sequential
matrix 128x256,

sampling window 32x5=120 ms
Total scan time 24 H.B

-1

Fig. 4 Diagrams of 3D myocardial delayed enhancement MR imaging using IR. Comparison between the use and non-use of parallel

imaging.

LFIZIERFS L 2D, AEDMTRES & IEH LDk
YAEEEICHIZ Hh, HELHIIRESE L CHERICHT
ENb, SO T, ZOEEH % parallel imaging
i FIBET250msee, FEHFHEET192msec & FEHEIZ L THaf& %
fTofz. fHADIEBNCLY, &5\IIHEERMIC X Y IEFL
HOETOEFTEALERD DL Z EHFMENTWAEY 19, [
HUYEED 72O (X IEHF LA O I D 728 SUlinlRe [ D e
DOl - ELICOVWTD, SBBRETTHLENHSY.

LHAEZEIC BT B O AR ESEI TR & D 4R D SR
H~EA > TIEA S, BWSREEE I P T A M EFORE
HEFEZMRITIE, HEIEDNIET 7 b IME ST IO BEHE R
BRI T A Z L HSHHETH A ¥, & 6 (Zcoronary
artery bypass graft (CABG) %*percutaneous transluminal coro-
nary angioplasty (PTCA) % &£'12 & 2 AT FFEEMT O e <2 7
EMBROMEDHEICOAEMATSHS. Kimbid, Rk
12 & B IEE EMRIPT AL & AT A M8 1) % BELER) D
EEERIZOVWTHIELTEY, BEESEHROA LNV
DRI TIZ78% 12 B\ TREEB)ASE L -0k L, 2
HESERER R e EREE D50% % #8 2 5 FAIR TIX10%, 75%
A A TIZ.7% L BELERDCEEITIIL A LD LR
7, ERLHOBNERIE 2513 L, HROEOTEE
AL BB ZERALSHPIZLTWAEY, LizhioT, BERN
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Kitagawa & {2/ fviability I EEIZ 2V T, ZRITHEIC X
B BIEEFSMRI & FSPECTAR R & DXttt 247 - THY,
BEREREEATS0% A Dt 77 A > b Fviabilityd ) & HI5E L
7256 DMRIDZWTRE L, KREL98%, HFFET5%, IEZH
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Z b7z 20, Fig, 5-1, 2 [ZEFZRT.
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Fig. 5-1 A 5%9-year-old man with inferior myocardial subendocardial infarcts. Hyper-anhancement in the inferior wall was
less than 50% of wall thickness, which indicates preserved regional viability. #'T| SPECT images show reduced uptake at -
lgss than 50% of peak. B

Fig. 5-2 A 75-year-old man with *'Tl SPECT perfusion images showed a false-negative finding of no myocardial infarcts,
whereas delayed-enhancement MR imaging clearly detected myocardial infarcts. -

B
FTASESAEORMAHG NS0, WAERFNOERLE SEbivhiud =FiikEE e TR TiT o 7295, parnill:l
Bl& S EATTE, I Deomprehensive cardiac study |28 L T imaging = fFHT 5 2 Lz L D EERICHOMEETRT S
WwahkEILND, 7L, 3j'~'. LEEL b I'"]TS'E"’!T'-*:!E"""J?“ HTEL SHEOBEELT, =KaErHWTENIE frﬂ
Al Ebd N, IEREGBENTEEEE O E Pyiability M 121 e as W g = 1'1 oZEE O E, Mo, mEsE
W e % 0] 167 J'.iu-ki“é{*.'h?‘f‘m % -i‘ ZErL, fliFiEic2onT, EEAEXRRTHRE LTV LEYHS

T 174E4 H25H 35
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B &

ZRICEEIC & B OFEIESEZMRITIE, parallel imaging
EOETAZ LWL, T—FT7 77 LR VEFLE
B EBEWREIINT HEVZIEEEHE 5 LATHIR, Bl

M EBAORRIGE P & Z 2 S,

# O

ZRTCHEEOBIFIIHE X 7 14 IV ¥ AT L XFEOMRIBIF
TW—=TH) LEIAHHRTHY, ERREICOBETIXH RS
RS HRAT B b B R MR I AR U A8 IR S S K et
B0z EEE L JCICERLET.
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