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Wall motion evaluation of the ischemic myocardium using the adenosine
tripbosphate medication Tagging MRI

BA HRE' (52330), HFE @z NB BAE' (53751), XE Z&', xkB %'
I B8' (56568), EH =" (18674), HE #z' (22485)

1) BRAPEPIMERRE  MARER  ORBEHRERED
2) BREAPEPHAER EERMRR ERERCEEZDE

Key words: magnetic resonance imaging; ATP; myocardial perfusion imaging; myocardial infarction; tagging.

[EE]

&F/ULRZB Wz Tagging MRICEDDERDFHENTR D, &FDUT HDE NSO ES DB MZ I REICT 3.
AWFETIE, ATPE&T Tagging MRIICKDEBNS C-strain fBZAWCE /LG EEE D E 2FMER /2. C-strainfBld, ZEHIFIC
HRUCATPEERKICEE DH CTIIE<EZDICNL, RIMDHTIBRICET L. C-stranfBIC&D, RIMOEDEEREHEN
TZZARetED RSN

[Abstract]

Tagging MRI is applied to assess the myocardium using grid-like pulses. The quantitative analysis of distortion of the
lattice allowed the evaluation of the regional myocardial wall motion. In this study, we assess the ischemic myocardium
wall motion quantitatively using circumferential strain value (C-strain value), obtained with tagging MRI in adenosine
triphosphate stress. In ATP stress, the intact myocardium showed increased C-strain value, whereas the ischemic
myocardium showed decreased that significantly. The C-strain value may detect the ischemic myocardium quantitatively.
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WEETE, B GREEE S L ORCODH 2 BH
l2xf L, adenosine triphosphate (ATP) % v 7c
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1. 7 &
1-1. FHixds

Aiat O 2 E - o v T Table 1,127 7. &
Gk, B B 2 5ED NATP B4 2 T WGk
MRI % ftif7 U 7SHEBID 9 H CABGEAERI,  J1IE55E
BRI, OEFBRCIC22AE LI, WERELTIE
W11E, RS Hl, BIZESH, RIMLAESID 5 b 2461T
WgER ROz, B 2e=12:10, FHER : 61.3m%
(20-82) Th 5. IEFHEME LTIy br—Sh
R 7 4 7 1B REIRL, TFIFE 282/ TH
512 B BN BROMHEREZOKRE R T 5.

Table 1. X RE D

Characteristic Value
Number of patients 22

Age (years; mean + SD) 61.3+14.1
Male sex 12 (55%)
Hypertension 12 (55%)
Hyperlipidemia 8 (36%)
Diabetes mellitus 5 (23%)
Family history 4 (18%)
Smoking 9 (41%)
BMI 23.5+4.0
LVEF (%) 55.8+11.4
LVEDV (mL) 125.4 + 43.6
LVESV (mL) 59.0 + 38.6
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1-2. DMEMRIKREDRN

M BE F1F  ATP BA DEMRIM A 7 = b 3 v
2o WwTFigure 1.12" 3. 4 F Y =7 4 EEHA
(meglumine gadopentetate) (&, Fflk & &k
® perfusion MRI % #xf%9 % 72 12 0.05mmol/kg
(total:0.1mmol/kg) # #% 5 7 2 '. ATPI%140
pg-kg' - min! THGT 2 X FHRGHICLH
Kitagging MRIZ#f%¥ 2. #5%2BMGL TRH35
%z, O EAHERR S i & ATP 4 perfusion
MRIZ#EL, %20 %  Hfitagging MRI % #xf%
T4, f5 ek L TRSaMERBL, O %E
WHERR S LT O LRI perfusion MRIZ k153 5.
LGE (late gadolinium enhanced) MRI, 35
#3555 #% " 12 look-lockerik:'? T IEH# L O
inversion time & e L% T 5.
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Figure 1. HBRICHIFBDATPERIGF DEBMRID
Zakai
1-3. fEFAER

MRIZ 3 Achieva 3.0T Quasar Dual; (Philips
Healthcare, Best, the Netherlands), %152 4
v ¥ 32-element cardiac phased-array coil
(16posterior elements, 16 anterior elements)
PREFL, f#HT> 7 b2 Osirix in Tag (http://

WwWw.osirix-viewer.com) % 7z,

1-4. C-strainfBHE

C-strain (Circumferential strain) %, ¥kiC
J1H3b - BEOME KOO TADOKE & ZiRTR
BThHhY, I TRLAICEIN S hittag pulse DBE
R L 20T AEET (Figure 2.). strainfi ¢ (3
T THES NS,

strainfii ¢ = {d(t)-d(0)} /d(0)
[d) :HEnES, d0) FIHDES]
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mferential strain

Figure 2. FEHEHR CERSNTND
ELEBI/NSA—%

1-5. &REMH

Je S REYEBY A - tagging MRI 2D turbo field-
echo sequence with a rest-grid pulse#: (TR
=4.6ms, TE=2.7ms, FA=12°, slice thickness=
8mm, FOV=380mm, matrix size=288 X 195,
SENSE factor=2.5, tag grid=6.0mm, (and 20
cardiac phases). L0 RILEH H D perfusion
MRI 'z 3D-T, turbo field echo with k-t BLAST
(3D-T,TFE with k-t BLAST) i (TR=3.7ms, TE
=1.85ms, FA=20, slice thickness=8mm, FOV
=400mm, matrix size=256 % 179, k-t BLAST
factor, =5.), ML OLGE (late gadolinium
enhanced) &F flli 23D inversion recovery T,
turbo field echo (3D IR-T,TFE) i (TR=3.5ms,
TE=1.69ms, inversion time=400-500ms ( 1E %
Lol D null point® P 4 12 (3 look-locker i # H
v 72 ), FA=15°, slice thickness=6mm, FOV=
350mm, matrix size=224 x 157, SENSE factor
=2.0) V.

1-6. il - B#TTIE
1-6-1. EIXY NOBEARE

FEAIG  F 2o BRI T A S AR L L e A
SEREEEOMANT & LT, tagging MRIDLARER - oL
HER - OB 3R LS 350 T, BTRE - i - FRE -
MEEDFT 121 7" A > M4 L TaHli L 72 (Figure
3.) MRt 7' A~ M ATP £47 perfusion MRI
(23503 B BT T O (BEDIE S >25%), %@
T OIEFMERE L L, %M ISV TLGE##
DIy LT BIELHE 7 A 3 perfusion
MRI CIK#G % 8%, LGE (BEDJE S >25%) %* ik

a) Basal b) Mid b) Apical

“Figure 3. ZEEIGHRDLE A NHE,
a) DE. b) DR o) DAY

DI E LI, BRI 7 A > AR - R
perfusion MRI TIEH#E Z78%, 7 LGE Zi8H
WO E Lrc R EBEIED U 77 A o b ICHHE
Lichty, Ehofllicdlmddol L

1-6-2. C-strainfBf#FAE

NIRER + O - DRSO 3T LS F5 0T, RiTRE -
Wb - TRE - JIBEDEF12€ 2 A2 MIZET 5 ATPHA
T il 2 O C-strain i KE 2 f#HT >~ 7 b TEHAIL 72
fEMTY 7 b X DS 7 Costraindli b, BUATHE 22
EiEE O C-strainfli D 7 (A C-strainfli) % Ko B
L.

1-6-3. ROCHhAE

B + e C-strain il & 9 FEIRI0L - MBI & 72130
FEX 7 A2 b REHIIL, BT - ZEHE perfusion MRI
% & 'LGE MRI & Y ROC (receiver operating
characteristics) ##T %47 - 72, 0.05 A O i 5l
PRETCAERE R LI #2220+ OFHliE:
R X RSSO T, ot A b EL
B L C-strainfE DT A#D it 7 A2 b &k
MoZ7oMigEs L, zaliAb2IERmeE L. A
C-strainfii # J © 72 3¥ili 13, B K & %2 i O
C-strainfHzZE 7 IEDfEZ /R L7zt 7 2 v b % IR L,
BOfERRLICE 7 AV DR JRILE 13 L LT
LTOFHNE, HHO Y 7 b v 7 (MP,
version 9; SAS Institute, Cary, NC, USA) %M
W TAT o 72 R - ROCIRFT (2 & 5 FFAfiLE, O i
MRI B AEEROD 55 75 R R 2 AO BT &
Y HE L TC.

2. f& ®

2-1, EIOAY D5 EE

ATP £fif perfusion MRIZ 350 5 KHEG & i88 72
DB IMEFNE 8B, 2D 9 b42+1 7 A v+ Rt
L7c, DRI Z A L 786 6B THEZEIZ R 7,

4 @ 25 (1305)

06



2B THIZERPAD I, LGEIZ I\ TOMB RGNS
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2-2. £EI AV D C-strainfé
ATP AT 35 & NZEHIED C-strainfli % & 2" 2 »
FTEIZHHELTable 2.iiR L. 2hEnzr o
7.2 L Figure 4.\Z7R L 72,

40

Control Non-ischemic Ischemic Infarct

Stress Rest Stress Rest Stress Rest Stress Rest

Figure 4. BRKS XU REROMABRABDO I HE
(Circumferential-strain; C-strain) =4 5
7. N—CERIITFHECEEREZRL
TW3. *p<0.01, *p<0.001

Table 2. ATPERIEH KU RERICH FDtagging MRICK>TELSNEEBEARDV T H (Circumferential strain ;

C-strain) {EZFEREIM, R, EEOHEICHEE.

Segment No. of segments  Rest C-strain (%) p value Stress C-strain (%) p value
Non-ischemic 201 14.6 +10.8 18.6 +13.0

Ischemic 42 16.4 £ 6.2 n.s. 9.7 +13.2 <0.001

Infarcted 21 8.6+6.7 <0.01 39=x11.5 <0.001

p value: the difference with respect to non-ischemic segments

JEMBLFarte—nt 2l 2y ikt s
C-strain fHI3 ZH#RE T [15 £ 11%, 18 £9%], ATP
HMIET [19+13%, 23+11%] &, ATPH#
THECRELS Lo (p<0.001). KElfiit 2" 2> b iz
1} 5 C-strainfli i3 i T [16 = 16%], ATP#
T [10 £ 13%] &, ATPEMEETHEIKL &
-7 (p<0.01).

WigEt 2 A > Ml 5 C-strain il ZEHFET [9
+7%], ATPEMIGT [4+12%] &, ATPE i
TS Lo 7ens (p=0.17) HFEL DTRG0

ATP B4 46 & NI IZ 351 28 7 2 b
D C-strainfiild, FEEIMF L Kar br—nt 22

MZHNEEC K> o RN 2 A2 Mtk
i} 5 ATPEAiFIRE O C-strainfiil, Mt 2" A > biC
WREBEIZES B o12h, i TmE 2332
HDoNRrot, Sbilarybr—nEZ AV 0D
C-strainfii &, ATPHM - 2R 45 TIERR I
R, FZEDOCThot s A2 b &ftftf%ﬁ%ﬂ

|EJ7.7‘0 7c.

2-3. BT AV DA C-strainfEDLLE
JEEMIt L ary ru—nt 2 AL FOBEMEL %
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#HIE D C-strainfE D 7% (A C-strainfli) & (4 =15
%, 5S+10%) b, JEll¥x & OCHZED A C-strain fi
(-7£12%, -5=10% P<0.001) &Y $HEIE
7t 72 (Figure 5.).
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Figure 5. BERNOREFROMALAHDOV T HEZE
L3lW/=®dD (ACircumferential-strain;A
C-strain) Z, dvbO-—)b, JEEM, FEI,
BER O EIZTS71E.
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2-4. ROC &t
i - R C-strainffi & D, Ol MRIFZEE R
BT R T BE 2 NSRRI - R - BHEE
A RFHEL, B - L perfusion MRI %
X T'LGE MRI & Y ROCH###T % 17 v Figure 6. (271
L.
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Figure 6. &7 - & &% B¥C-strainfE & D {0 [BMRIE: &
BEROEELGHIHREME2ANIEM - E
m- EEEIAV NZEL, &f - Z5F
perfusion MRI$ & ULGE MRI& DROCH
wzfTo7e.
a) REERC-strainfE TO LMl b) BTk
C-strainfECTOEFl. c) BRFHNSRERIFD
C-strainfE%Z Z L3I WL\ /= AC-strainfET®D
B2

eI C-strain HEFAM 2 354 T, 0.58 O fh#R F i
i (AUC) T81%DIKE, 37%D K5, 44%D
WETIERIMMEY 27" A2 P26 ORI F 12IIHERL R
2t AV MR XYT & 7. ATP AR O C-strain
EEFE L 350 T, 0.79D AUC T 86% D &, 65%
DFEFE, 68% OFGEETIRIRIMEEL 27" A~ b 250
ML 7CHER RO 7 A P RXBIT &I, Wk
(2, A C-strainfili (B RE-ZERE) ©-0.05%D %
v b A ZfililE, 0.76D AUC CIEREIE 84.1%, F5EM
63.1%, 66.4% DAEETIHIBIMEL 7 A2 b 250
FEIL % 7 I3AEZED £ 2 A > b 2 KB T 3 1

2-5. fEfIRT
Figure 7.12, K7 v 7 4 7l (28i% &) O

C-strainfE DRI 2R L Ic. RZ 7 4 7HEH)
Davbr—wrr Ay M3, ZEHE L ANARRET
C-strainflins ik U e, (O RIAER] (747 H4k)
D ATP B4 - L C-strain O R i1 % Figure
8.2/ L 72, perfusion MRI T/ = FikE - g (2K
HEGEI R L, BT Costrainfi 2 £ LR
BE - RO C-strain fllld il L 72,

a) b)

04 rest C-strain 04 stress C-strain

Figure 7. BEERS VT 7EH, 28m k. ATP
ERRBSLULRIBEOAEARDO T HE
(Circumferential-strain; C-strain) @ B[
BiR. EEOHCIIEREBCEIREIFELDS
C-strainh7T#9 3.

a) REkFC-strainfE. b) &fEFC-strainfl

anterior

Figure 8. 7431, AREIRFT FTIRERKICELES
XY ERHD. EDEDATPERNDE/\—7
1—Y3VMRIE® (FIEE - RREICIEERS
D) EEDEDRIBEZOARAEADOY
ME (Circumferential-strain; C-strain) ®
FRIHRIR. RERSELNRERF CIIIEEME
JIAY NTIEC-strainlETTES 2N, Rt
XAV (FiEE - FfE) TC-strainDETHER
HoENDS.

b) REEFC-strainfE. c) BfAFC-strainfE

3 % R

ATP 4T - ZhEtagging MRIZ & » TR 5 47
C-strainfli & Y, JEIL - AL OBEBE) O 2 w5
PkAN ABEHCLY, R c3ay br—2

¥4l @ 27 (1307)




t 2 A2 b D C-strain il i ZEHHE & <X ATP B
TRABCHMT 252 7Ra Nl 2R b, E
ML % 703 MigE L 2" 2 o~ b T3 ATP B4l 12 C-strain
MR 3 2 A58 6 e,

ATP 3 RSB IR TN 2 3535 & ¢ 2 7o i &
HIMEPRETH 5. @, B EAZHEL, £
BREEE) S LA 2 FHAWEE T2 LaL,
L OBE T 2 703 HEX 2 2 v TATPH
FFHE (BB B RAK T 28 2 L7c. 24Uk, ATP AT
(SINECIRN @ | EFMECTE AN 1L SUL € i I ER
Warvbm—nwtZ A EIZERRY, OO
REREE 2 AIE S R B 7 & 3 AR EFBLL 728
R DHLHEREL TS,

F eI 27 A > b @O Costrainfitilx, ATP &4
Bl X OGO ay br—vbe 2 Ay MCHRTEH
Bl 70, ARG TR, 3 v b e — Al EBREDOF
WAER D 28T TH o DIt L EBETIZOLM &,
T B U o R O B R 21T T 2 WTREE S
HbH. L»L, ACstrainfliiiay tbrn—rnwil*
Rl 7" 2 v P THERIBD G ot 2
E, A C-strainfli3 BE MBS s Hx
RIS 2B 2 e OF AR RIBL TV 5.

ATP £4if I T O C-strainftitk, FEEMD L 7" 2 >
MZHRTIEI Y 722 P THRIEMETH - 10D
XL, RS 361 2 Costrain i, FEEEINL S &
QR 77 A 2 P OBICHELZIRD O NL o
12, 2 12ROCHNTIZ 36\ T b LR D A5 44% Dk
BETho12h, AMETIZO8%DIEELE k-1, C
NoORENG b, L tagging MRIOD & T3k
Il E R 2 T 2 FEHETDH D, ATP AN
tagging MRIDLEMEAIRIZE N 5.

4. %5 B

ARG LY, BEMEHODL - ATP AR IZE L
T, WHRE 7% AL AR ORI OREE
BT 2358 S dvte. —fRIGIIIIES O A g - B
OB 220 5 121%, FEHIAN perfusion
MRIS LGE MRIDFAEWLELE L 505, 2N Z s
BHNY) =0 L#RIPLEE 5. UL, [EX
Wit ., O BRERERE 2 R o 1B E 5 L I'NSFOD
fERMEDOR BB T, 7 ) = LEgH 2T
SKOLEYD L. T OB, ATPRMT tagging MRI
ZIBML C-strain /S & — 2T 2HIC LY, B
IO FEPA 2 2 a1l © & 2 W RgtE b /RIE S e,
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