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FHED MRI Eiffi D& T LD, (ki
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I EER TRV SR TV A IR %
D —7r/ Ald single-shot echo planar imag-
ing (EPI) ##A L F57-DEBOTEAPKE
oA L7 B, EHE OSSO m X
a4 INDF VRV, RIVFF v FIV ALl
VAT LADOBRIC LV EWT VIV A=V
7777 X—OFEABARE LD, EPTICE
FAHEATRELBEEFEINLY. LrL, K
WTRORBICHESEFET LREE 5. %
Nz, OEEAOHILIIEFICEHETHD,
TN S DB ORE R X, FEDEKIT
WF/AEZET 369%, MAHBET25%XICRS EHES
NTWBY. I HIC, HHEG T ILBRFRE F 1
B A AL D sensitivity 12 FFAZE X 0 KW
EREL TW5BY.,

CNOOREE RS 5Tk L Tlow b
value DWI 2% 57. 7B GIEIFKIC B WT
high b value DWI TIIARBEMWICIKES L7085 &

SRR =7 T R R (RS

> 7 REE ) 4 low b value DWI TiL S o] 4E &
WMELTWAY, F7/-, Laissy i low b value
DWI A#.LIICISH L, BT O OE 5 %
L GEBRBOMT L AAME O AL Tw
%9, L/Jibt;iﬁi%, low b value DWI Tid.l»
THENC X A B LM TE 52— T CHEROEE
iR < % TB7280, KoFIBOHIR A S s
H5HT LITHEEL .
BEERATHEI R HMOTE L L TLEN
FEL B 5. Mirtz & 13.0% X R %% 6
A4 5 & TOMBORE LB &, JEHH
OG5 K OELE S LU ADC DR R Fic
DVWTHAE L TWA0. X5, IEEHRES
NIcHEE L TEREMENS AW, RO
12 MPG /)L 212 1 k¥EfE (MC : motion
correction) W% & TEW bEIZI VT
LIFEEDOFE SR T AMIEL, HwREGFRHAER
DT ERLEREYYEL TWBHEY. LK
IZ 3\~ Tl Froeling & 2808 X E M & MC
% F\ T intra-voxel incoherent motion (IVIM)
imaging IZCOWTHREL TWAB. LaL, fa
CNFEOEMLH & %3 2.0ICH T, LHE

F—7—k

pensation, acceleration compensation

cardiac magnetic resonance imaging, diffusion-weighted imaging, motion correction, velocity com-
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KEE I LU MC THBIOEE %+ 75 1Tk
HTETWBEEFE 2. SHICEWDE
% I\ 7= diffusion component O & H4 R0 05 D
FHICOWTHRE SN TE LT, WEZICH
LWHEETH 5.

T, ARWFFE TS RIERIE 25 OBAA R
BRI RE ST HEICOWT, LERRLREC
2 RIBHHIE (aMC : acceleration motion correc-
tion) ZHWTMC &gkt L7z, £/, &
W b fiiIC & % diffusion component O H < ()
W OREHERIC DWW TR A 1T - 72D THE T
5.

Vi *

1. RS IO T

MRI #i& 1 Achieva 1.5 Tesla (R3.2.3.2,
Philips #£#1), 32 5% v/ X)L D cardiac coil %
Auwic, MR E RS VT 7 64 (OFH
WS 25.4 5%, B 3:3) LU, HETIC Yk
mEEZBEORR B
2. BZRHEMMIEIZ DWW T

AV WG EBE) 5 C 212 & T

SEDEL, WNDODAHIMPELMEMEETRHE
FIRTHAEIS. Chik, EHAES Y 142
st 1ICFIjnd % flow compensation {2 & - C#}
WTWBAEVDORMERIZ A5 ENTE 5.
W O PR E G Y — 7 AT 180 2N
W A% A% AT MPG 7NV A% 1% LICHIBNS %
72, BN S0 IC SV TR IVIM 28R
SNTOLHOEZMETT 5. —77, MPG /N
W A% 1% 2% TICHI NS %5 MC Tid flow
compensation [FlF&IC % R EHLEE) 2 5 A
VONMHERIET A W TE L7280, LIFO
EEARTIIEARRE L8 5. S HIC, MPG /X
WV A& 1%F3%F 3% LICHhNd %5 aMC Cidhn
HEHEE THIET A ENTE A7, [k
RRALNFOEM MBI L TMC [Aikx
73N EOMIEN IR CE 5. LHEMIE
DY —rr 2/ AF v — % Fig. 1 1ITR7.

S AMIEICHE D R & L C TE OMLR )2
FoNSMB, ABFFE Tid gradient over plus 33
J OF dual gradients mode 7% i\ THEHE L TW
% . Gradient over plus (4 diffusion gradient
D 1FHMOMRERZE 2T, 3R A T >
ZET1IHAORIHIMY 5 XV & TE % £0f#E

" A
Gconventional /—\ /—\

] =) =)

. 7 7

) Al

\ —

Fig. 1. Motion correction is achieved by dual bipolar gradients. The first
order phase changes can be reduced by MC (1-2-1) and the second or-
der phase changes can be reduced by aMC (1-3-3-1).
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5 RIBHHIE % FA\ 720l DWI O 4

¢ & % . Dual gradients mode 1 3 % D
gradients mode &t~ Tk slew rate %45
IZ, WKERES®RER 2512352 & TTE
HREAETE 5.

3. wGEHEIZHOWT

HEFRT, OERMAT TEE LTI R D
JR < i S N % BT 5 T conventional-DWI
(C-DWI), MC-DWI, aMC-DWI % #f% L 7-.
MR OE & A RS A - OEITIC BT A& X,
PRF TR R A DT Th 6570, 31
# 4 X/ 713 balanced FFE v —/7 v i & %
cine E{R > 5O O LR 7 3k oD, trigger
delay time Z#EL /2. TR IZEZLHO+5
TetRALER 2 E R L, OAEH 50~70 (°F
BOMB58) ORI VT« TICB\WT5
heartbeats & L 7=. b-factor {Z 10, 200, 600 s/
mm?, TE |% b-factor = 600 s/mm? IZ 551 5
aMC-DWI Ofi/METH 5 7dms & L7=. £
Z DO 55l E 2 & perfusion fraction
(f), BOJEGRE (D) #HHL, =HEICE
5 ZEFIC OV T two-way repeated measures
ANOVA & W TR YN EBEE X RD
7z.

JEEOH O EEIC >\ IVIM imaging &
FIRRDOZ&M T, bfE% 200, 400, 600, 800 s/
mm? & Z 1t & T C-DWI, MC-DWI, aMC-
DWI Z##1{ L 7=. TE I b-factor =800 s/mm?

121 %5 aMC-DWI O/ METH 5 79ms &
L7z, 75, 2 REMEETEESVDEICEW
THIEOECAIEOMIEE S A I h e F
<, aMC-DWI I O ZfE &g O FInRsfE] % 4
4 /pICA]ZE X 4 5 partial motion correction
(pMC) #PHH L7z (Fig. 2). =BT AL
FLFHORMHARIC O WT, SREAREHEIC % T
F— AT A ANOFRRNIITH T 5 L 05
DEFBELZR (1) XYEKD, two-way
repeated measures ANOVA 2% I\ CTHtatH
WAEEZE RO .

Muscle normalized SI

= Scardiac musclc/ Ssﬁinae ereclor muscle "t CCCttcCUUTUT| (1)

AL oy —7r V ADERGEIFIIL T O &
0D CTdH 5. Spin echo H! single-shot EPI,
FOV =280 mm, rectangular FOV=0.9, voxel
size = 8 (Nz) x 2.47 (Ny) x 2.19mm3 (Nx) ,
SENSE phase reduction=2.0, EPI factor =45,
half scan=0.6, fJgf5#IH]E: =SPIR.

4. B O OFHIETEIC W T

Perfusion component @ (i i- D* (VER %
PhBE & A7n U7 IRBRED (X 1073 mm?/s) &
f, diffusion component @ ¥ {ifi i D ( x 10-3
mm?/s) BHAWVONEH, D*OPIEREIL#F
Hrd % bEORA v FHPHESTBREICKE

WEINL. FICHIEAKICS YT DO

Fig. 2. Slow flowing blood often emits a signal in the cardiac chamber in
the aMC technique, even if a b value of 600 s/mm? is used. The pMC
technique that can slightly stretch the gradient was also used to suppress
the blood signal.
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‘ Sp1/Swz = exp[(b,-b,)* D] ‘

‘ f = SPerfusion/ (SPerfusion+SDiﬂ‘usion)

Fig. 3. D is the pure diffusion coeflicient; Sv1 and Spz are signal intensi-
ties at each b value, and f is the fraction of the diffusion related to
microcirculation; Speyusion and Saigusion are signal intensities at each compo-

nent.

BHEREIKREL L LH720W, B CHICE
WTWA IS mLE R E LBEICIEEH
ICEERZERIKREL LT EhFHEINS. £
T, AMRETED*=HEEFICf D EH
WCEHi A 1T - 7= (Fig. 3). FEHR LY D
PO bEORA VPR TLEE NV
» o 72728, b fE 200, 600 s/mm? D 2 fHh5
HHL 7.

] R

EELEGO f, D % Figs. 4,5 ICR¥. f,D
=2 N aMC-DWI T 0.24 £ 0.09, 1.46 =
0.24 mm?/s, MC-DWI < 0.37+0.11, 1.99+
0.29 mm?/s, C-DWI T 0.62+0.16, 2.82+0.37
mm?/s £ 720, Ww3Fhb aMC-DWI < MC-
DWI<C-DWIDIRICHEEIC/ NS Te-72 (p
<0.0D). Lo HEICEY L CHAEIf] % Fig.
6 {Z/~x9. C-DWI Tid b {E 200 s/mm?2 TiI#H
&6 BIP LI CRIFE I 72h, RDDS
L TREARR 7 >7-. MC-DWI <Tii b & 400
s/mm? £ CRIFCTH 57, b{E 600s/mm? L
F TR x5 7. —J, aMC-DWI TiZ
b-factor =800 s /mm2 IZ B\ T BIFTH -
7o BREEN SN 4 S EB O ORE FHE b
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Fig. 4. The D value at the heart in each se-
quence, and the correlation is significant at the

0.01 level.
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Fig. 5. f at the heart in each sequence, and the
correlation is significant at the 0.01 level.
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C-DWI b800

C-DWI b200 C-DWI b400 C-DWI b600

MC-DWI b800

MC-DWI b200 MC-DWI b400 MC-DWI b600

«

aMC-DWI b200 aMC-DWI b400 aMC-DWI b600 aMC-DWI b800

Fig. 6. A representative case of ECG gating, ECG with MC, and ECG with aMC in each b value
are shown. Visualization of the cardiac wall was improved on ECG with aMC as compared with
ECG with MC and ECG gating even with a b value of 800 s/mm?.

% £
1% 1 ¢ MPG /)L 2 % Bl % C-DWI T
& o0 BIBOBE R < F I TR OO A
™ comt. B 75 e hh, 1% 2% 1C MPG /SL 2 A )
=anic-Dw ¥ % MCDWI TldgkiE s hiz. 7=, MC-
£ DWI(C 45 % f 35 £ 08 D13 C-DWI & Hx T
HEICNE 72572, Zhiz MPG HInrbic &
Yw e e w SEEALEE) % 9 % AU ORAHAHIE S h7is
e RChH Y, OEILHRFERIC 1 JORHIE %
b valte, and the comelstion sionfan st PPETAC LTHBOREEREMRL, CDWI
2 0.05 level. Y HATAEEOFOM 35 £ O IVIM imaging

O¥SER EAREL 7%, L L, MC-DWI
T3 b fiE 400 s/mm? LA T CAEZELH O H I
“ Fig. 7TIZRd. WIFNObEICEVWTH +4rTH - 72A, bfE 600s/mm? Ll ET—I
aMC-DWI > MC-DWI > C-DWI D JE I £ #1C EFAAONIZ. SO D 1 RERMIET
KELIx-72 (p<0.01). FHBOFEEL 5 ICKRETES, HIZEmuD
EIC W TEZRLHOMBIIREC 5. 3%
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b, BObEEHWTEL S5 DidHmEo
WELZ ARSI NS Z &Ik b, —
Ji, ARV DETREZOHOME A 5752
EDD FORBICB W TASIOFEII v b
EzbNn5b. LA2L, bfE200s/mm? ()
BRSNS 4 B IEB OO SHRE i
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—7J7, 1% 3% 3% 1T MPG /L A% HIn
4% aMC-DWI Cid, pMC #8fH L 721C &
259 bE 800 s/mm?2 IZ B\ THEZELY
OFHITRIFTH-72. 612, aMC-DWI |2
BIF5 XU DT MCDWI & EXTHEIC
INER Tm o7z, THhuE MPG Bl nrsR O 2R B85
EENC N2 T ES 4§ 5 AV VORI D
ESN/FHERTHS. Thbb, dlneH
R Y OBMRBI E 2T D 0ICkVWTC, 2%
HWEAMT 5T &T1REMEM LICH
BOFBLERTH ENTESL. LHL, 2
UIEMIE CHRBIO &L TRt TE T 5
FRE AT, AR THEALEZLH D D(1.46
+0.24 mm?/s) DX DOV THGE T 5 b
BERB 5.

Tunnicliffe & 2085 D {3 1.20 mm2/s £
L@t Tk, Fx k) EEsdrmL T
WBY . W, DICHEYRIFTRFELT
SNR D& BN 5D, HEITHFIE Tl 3.0 Tes-
la, %F % VANV T 2 A AR T UA ANV EHE
AL TSNR DIE FzELE#EL T\b. LL,
TR % 1000ms & L TW A7 Tifgf O #E
T RKELZTBHEEZONS. FTx DRzt T
30Tesla iIC L AKEEFT-> 72 25, OIEK
50 DR RSV 5+ 712 W T TR 75 2 heart-
beats LA F Tlid 1.26 = 0.11 mm? /s, 3 heart-
beats I Tt 1.53+0.07 mm?/s & 7% - 7.
COT M OETIEETIE TIMOFEEIC X
D DiL@ENFHE SN TWb EEZ bR,
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Motion Artifact Reduction in Diffusion-weighted MR Imaging of the Heart:
Use of Velocity Compensation and ECG Gating
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The recent advances in magnetic resonance imaging (MRI) technology have enabled the use of
diffusion-weighted imaging (DWI) for body parts other than the brain, in the field of oncology.
Although whole-body DWI is used for the assessment of hepatic parenchyma and lesions, the visuali-
zation of the cardiac wall by this technique is still poor. Therefore, we hypothesized that the simul-
taneous use of electrocardiogram (ECG) gating and motion correction, including second-order veloci-
ty compensation (i.e., acceleration compensation) might improve the visualization of the cardiac
wall. A bipolar gradient pulse that compensates for the phase dispersion caused by the velocity term
of the motion is expected to attenuate the effect of the pulsatile motion with a b value =400 s/mm?.
Further, motion compensation, until the acceleration term of the motion, with a second-moment null-
ing pulse is expected to achieve a higher b value = 500 s/mma?. In this study, we investigated the sen-
sitivity of the motion correction and the acceleration motion correction to cardiac motion. Cardiac
DWTI using ECG gating and a second-moment nulling pulse allowed the assessment of water molecu-
lar dynamics and yielded more detailed findings.

84



