RZ&

@ Intravoxel Incoherent Motion (IVIM)-DWT :
a7 - BEOHR

F& o #E \

AT RER?, e Bk th — 1,

WE R

IR H 75 !

YA A BRI v 2 —  2LIBLR AR A AR

H =

PEECEFABRII AN OS5 TR E R 5
WEBETHY, 7ot voOFE B ICE
L, TORBPAELEHETFRE L THRIBL
TWAY, JEBRMEBIC ST AESE TR, R
7 VIWVHDZ R N5 FEBOBMTH Y,
CDOTVE NG EE % P L T IVIM ¢ intra-
voxel incoherent motion & M55, FEAAPNICE
WG, 7B b vo IVIM 35 F ik a R4 5
AR TIREMOENOMIE (2 TR &
B) AT VFAGEEERL TWAHDHFD
IVIM 3 K& < M & TR »67k5 L
E2HT EPTEDY. BWHERIC K HK5T
FEEYH B (KT OIHOEE £ 0 375 L.

1980 4-f{ Le Bihan &3 ¥ & Ihfk A 2 N2
NFE WIS GRECEH DY), EBuWiki (R
EHMD) AR LT, HED b EE Ik
A5 O 5 5 E il #7 % biexponential curve
TR 2 FEEREL 22D, Ll 2O
ETEE, £8O b EOEBGEIE L 20hn
37 B 7 WIEHE S 20 BERRIGH 25 & 97 90 4
RUBRIEEHEICES < o7z, RO DICHS
By 7 B OfkERE (ADC) A—iiic ik
BEFAGROERME L THO LN XD 107k -
7=. L22L ADCHIZHWV5 b {HIC & » TEH

KELBALT B/, WHERMRG A EEBZK O
V=L THHL LD E LA EORKEE
ELoTW5h. ZDi, IVIM EFIVH L
DIEfEZET IV EL THUMHEEZ BT T
592 2O FATIHITFE, NT VIV A—
VKR DY T M, BRSSO
HELN— FHEIOMEHIC KD, Bl ikEoR
G, WA ICREATEE -7 8
HHLDOEEDbNS.

v P AAEEFOERL 2%, EWEAE,
58, e LD B/ NEOWER T EAE
B & RIS SEBIIRIM OIS 5. ChHO)
WRIZEEE, Bl RAAH 7R & O%EHR %I
DIAATZHRICEIRE 72D, R THMIRICESL
THEERAL, A ER2S. 25 L7GRRIC
BWT, BFEZED PRI AEMT 5 &
D—RITHHN T VAW, PIRILIT % ER
T AHEDHIMETH A7, FIPRIMTEORE nC
X o THOIEUNS A—2, FRCHERICBIHEE
W DMEAMEINT 5 ERTFHEINS. TORF
JETIRAFIC X AMIRMKDOZEAL % 2 Kk IThe
Hav I AMETHREL, MIROTEOZEAL
7, FFO IVIM G EEICHE LY 52 500 %
a7z,

*—")— kK IVIM (Intravoxel Incoherent motion) of liver, portal blood flow, biexponential curve fitting

67



HmEERE #33% 25 (2013)

MREFE

1. x5 L 3E

T E L, RETHC 25 mHEE OR
VT4 T A 29 BE (RS V547 B)/
26 %HBHE (RS54 7C) O3/ Ex %L
L7z, W& L3RI EZETBST KT —
2 LT — 2 X DRI CanwC &, B
RPIEFH THAHZ Eh R L7z (Table 1). I
E B3 Philips Achieva 1.5T (R2.6), 214 )L
{2.0& ) SENSE Torso Cardiac coil 32ch % fiff
HL7.
2. AEER

DAFICRd 758 C, PRI IE®R & RS
WA AFEIETR CHE L /2. SRREFROK
KW, EAHE, BHO>H, PRI ZK S
WM 5203 EHAEE DR TWY
%10 SEomEHCc AV S RFHIT, BAE
PEEICEENS EVD T L, FLFRICATF
AR DIV IV AA T OESF
WA BN 72, BFEOH Y —(F 794 keal, B
AP O RETOREIL 6 KR & L. /5
DB TH, o AREI LY THEE

Table 1. Data from blood of healthy volunteers

Reference A B I

interval
Height [cm] 174.2 173.7 171.9
Weight [kg] 63.6 66.1 594
ALP [1U/1] 120~354 153 190 229
y-GTP [1U/1] 0~50 17 15 16
GOT [1IU/1] 0~30 19 20 15
GPT [IU/1] 0~30 13 31 14

Platelet [103/ul] 166~342 262 269 209
Systole [mmHg] 100~129 112 140 128

Diastole [mmHg] 60~84 63 84 75

We have confirmed that the liver function is normal at
each A, B, C.

WS CREFAEBINL 2. AFEIEG»OH
URBICERY, Ryva v 7wk, &
FiEH—DY =47V ATHRB L. AETER
L ThOHUOERGEEHIBT 5 E TORME I 20
e L.

3. ko b5 AN (2D-PC) D
WIF/NT A—%

BHEIGI# T, T fast field echo (T,FFE)
#, 2D-phase contrast # % F\ > TR O MLk
HE A RIE L 7o, BRI L D S BERIOM
RABICE A AW & L 7-. Fig. la ICEE
OWFEIC AW FINRETA 2 7~ 9. Field of view
(FOV) =300 mm x 150 mm, RFOV=50%,
voxel size=2.34 mm (Ny) x2.34 mm (Nx) X
6.0 mm (Nz), recon voxel size=1.17 mm (Ny)
x1.17mm (Nx) x6.0mm (Nz), scan percen-
tage=100%, slice thickness=6 mm, TR=10
ms, TE =6.9 ms, flip angle=15°, flow compen-
sation=yes, cardiac synchronization device=
PPU, band width=449 Hz, NEX =3, fat sup-
pression=SPIR, total scan duration=4 min,
PC flow directions=FH, PC velocity =40 cm/s.
4. IVIM-DWI O#g{§/85 A —%

Navigation echo % I\ 7= FEWR &) 399 % B 0
L, spin echo-echo planar imaging (spin echo-
EPD) EIC X AIEB0RHA SR A H L 7=. Motion
probing gradient (MPG) /L AlXEA 9 5 3
HHCEIN L 72. MPG 7OV 2D IR (0) =
20.9ms, —* MPG 7L AMikE (4) =32.9
ms 725 7. BG4k, field of view (FOV)
=320 mm x 208 mm, RFOV =65%, voxel size
=2.0mm (Ny) x2.0 mm (Nx) X7.0 mm (Nz),
recon voxel size=1.0 mm (Ny) x 1.0 mm (Nx)
x7.0mm (Nz), SENSE phase reduction=2.0,
slice thickness=7 mm, slice gap=20mm,
slices=4, TR =530 ms, TE=67 ms, flip angle
=90°, EPI factor=55, half scan factor=0.60,
water fat shift=15.6 pixel, band width=13.9

2012411 4 16 B8 2012412 H 28 HGET

BIMIEERSE  T400-0035 |LALRHATHTAE 1-1-26 (LA E A RE R v 2 —  BRHIER]
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Fig. 1. 2D-PC and IVIM-DWI images that I used in the calculation

a) Image in 2D-PC, was plotted freehand Area. Image was calculated by the host PC software based on this veloci-
ty and flow volume. I showed the result of the calculation in Table 2.

b) I showed a picture of ROI IVIM-DWI. The location and number of ROI was determined while observing the
residual sum of squares. volunteer A=8 ROIs, B=10 ROIs, C=7 ROIs. The display image is that of B.

Hz, NEX =3, fat suppression = SPIR, total scan
duration=50.4s. Lemke 512 L % & b{Hi 10
LA ERRBER ERESNTWAHO. FhED
BEHCIE, IVIM A A=YV 7 OfFFTRE RO
B A R T 5720121, bES0 LLFOY v
TNWVE %L $T5T L EDbE 200 OlE{g A 15
HITEDRBBETHAHD EDERIPE LN,
N HAEEID, SEOEE T 0/10/20/30/
40/50/70/100/200/400/800 @, 11 f&fHD b
&% 7z, SEOE S IREEIC ORRIEPE LA
HLahr-7z.
5. ADCf#i, D i, D*#, f{EHDOE

Fig. 112, SEEICHIZE L 72 ROI OfZE & K
%L/ (2ZTiE 10D ROI % 7z
RS VTF 47 BOLDERLIZ). EEOHIE
IZH W7z ROI % Fig. 1b {273 3. ROI OY A
RFE 7RIV LS6 O E Lz, FElEL
2 FEOIEURE D (true diffusion coefficient)
¢ D* (pseudodiffusion coeficient = perfusion)
AR L - R fitting X4 ADC{#i, D
i, D™, I XU perfusion O 2R f il % & H}
L7 FHEICIREBTORE A,

FERDOIBERMBIC L 5 ADCEOFH :

ﬁzexp(—bADC) ........................... 1)
So

CCTRRTL LV INTO b EOEEZ H W

TEHIELT ADC iz B L 7-.

IVIM €5 )WIC &% DE, D*#, ffEOEH :

Sb>200

szzoo_exp(—bD) ........................... (2)

S (1—f) xexp(=bD) +7
Xexp(—=b(D+D*)) e (3)

T, 9 b{E 200 LI Lo A H T
X2 X VBEUD EAE 7K, X3 LD
TATO b fEOEE % I\ TIERILL LT D*
fili & % BNz,

%7z, IVIM model DFFEIL, ILBLRFH
MELOYT £ TRX—=VTREFESIN T LEITHY 7
FEFEHL. CoOY T TR, £bEICE
JAEEMEEATIT ST ECADCE, D 1H,
D*l, f{EZHEH TS5 LN TE%. (http://
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yamarad.umin.ne.jp/ivim/simplex.html)
6. M
1) FANRMGED figHT

FIURIMIA O MEHTIE, MRI %£{& Philips Achie-
va 1.5T (R2.6) ([CHEH#ER SN TV AHEHRY
7 e/ MR AL, FU—AT
HHFICKD, FPHHEE : velocity (cm/s), K
M @ area (cm?), DJAF (beat), MiKE
(ecm?/s) OFPHfEAERD-. BONIEE R
AL THE L 7z,
2) KF IVIM DOfi##HT

RSV F 47 ABCICEWT, Bbhrk
11 fEE O Q1O bED) IEIBE G TS
#E|Z region of interest (ROI) #» 3 HE X, #
DIEFFEHE A KD/, TOFHED B _EFLO
J#<ADC{E, D, D*#, fEA~ZEHL
7o FHAISN7-BEEICEO>E R b 5 &,
IVIM £ 5 )l (biexponential curve) O Tit
OPEL I VAR RO TEHEEP R TE
W ZDIZDEENIRD X D i iER AW,
ETINOBTTDOPENGEORIEEIT- 7.
3 {f o ROI O F#fE» & ADC {d, D fii, D*
fi, ffE, EISHREFTMz RO/, ROI %
OroWimSE 4EIcd 5. D4 D ROI
DEEFHEIHURHEY 7 F THIL,
ADC f&, D{l, D*#, ffE, FEEVHMAHE
R hH. ZIT, bLEEFHAMAED L Tv
g, CO4EBDOROI ZBAL, WAL T
WaRWEEITIE, SO ROLIGEMAET, #Hi
TAEBEDOROL ZEL . COFELEAETS
F15 200 LLFIZ7: 5 2, ROI ©¥725 10 B 7%
BHETHDERT.

COFHETHE SN/ ADCfE, DfE, D¥H,
%, FRi/ S THhKRL 7.

] xR

1. PIBRMLHE O fEHT
Table 2 IZ PR MR T OFERZ R, E
OFHE, O, MREIC>WT, $XTO
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Table 2. Measurement of portal blood flow using
2D-PC method

Velocity  Area flow

onls] et P e

before 9.73 1.68 52 16.3

A after 16.1 1.68 64 27.0
B before 12.8 1.28 61 16.4

after 18.0 1.28 72 23.0
C before 11.7 1.07 73 12.5

after 18.3 1.07 80 19.6

Numbers had increased after meal. Focusing on the
Velocity, A times 1.7, B times 1.4, C was 1.6 times.

FEAREBICERL T/, WidEIcERL T
AbE, R5VF 7 AIZAERT9.7cm/s IT*F
LE#%16.1em/s &, 1757572, FEEICR
SV 407 BlidAR128cm/s IZx L &%
18.0cm/s C, 14 f%, K5V 75 17 CldAHi
11.7cm/s IC% L £ %% 18.3cm/s &, 1.6 f%
T, 3FDOFHIT 165 L7

2. BT IVIM DO fi##T

Fig. 2a 12 ADC, Fig. 2b 2 D, Fig. 2c i D*,
Fig. 2d IZ f OB R A RT. RSV FT 47
Aix8M, "7+ 7 Bid 10 Mo ROI, &
5547 Clx 7o ROI THIE L 7-. Fig.
2a O ADC{#, Fig.2b O DEIZRS V547
AL CTRECERL .

Fig. 2c ® D¥MEICH\WT, RovF 1+ 7T A
ARG 97.1 mm?2/s 1% L &% 149.6 mm2/s
L, 1557257 BRRICRS VT4 7 Bids
A7 79.4 mm?2/s 12 L &% 183.4 mm?/s T,
23f%, RS vF ¢ 7 ClidAHi29.4 mm2/s IZ
®f LR 132.7 mm2/s T4.5 %, 3 HEOFHIT
2.8 5725 7=. Fig.2d ® ffHiICHB VW THRS v
T4 7 ATART0.14 &% 0.20 &, 1465, K
SV 7 BId &R 020 £ 021 T, 1.1
f&, K575 7 CidART0.19 £ 0.20 T,
1165C, 3BDOVFHIT 126570 7.
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2
15 {ro] 15
before
117 . after 1.18
108 1.04 1.04
1.00 103 . :
10 —— 10 +— 0.95
0.91
0.83 0.84
ADC 2
05 —— 05 +—
0.0 0.0 r
A B A B C
a ¢ b
volunteer volunteer
[mme/s]
200 0.25
183.4
0.21
0.20 0.20 0.19 020
1496 02
150
132.7
015 +—014
D* 10 | 971 f
79.4
01 +—
50 ——
204 0.05 +——
c A B C A B c d

volunteer

Fig. 2. Calculation results IVIM-DWI

volunteer

a) Shows the calculation results of the ADC. After meal intake, the values of volunteer A and Cis

increased.

b) Among the results of calculation, I have shown the value of D. As well as the value ADC, after
meal intake, the values of volunteer A and C is increased in the postprandial.
c) Shows the calculation result of D*. Value was increased A, B, and C. A=1.5 times, B=2.3

times, C=4.5 times.

d) I shows a change of perfusion fraction (f). The value was increased A, B, and C. A=1.4
times, B=1.1 times, C=1.1 times. Rate of increase was lower than the value of D*.

% £

B £ 705 6 O PR M 5 & D ZE AL % BT L 7o
EOIZL AL, BEFEF vy /59—THIEIN
7otk 30 5 OFHIMmMFEERE (15.5cm/s) &
R (10.5cm/s) 12 HNT IS5 fEMML T
Wickwo . SEOK 4« ORER TIE, 2D-PC

BCHIE U 72 PR M i B 1 B ik 1.4~1.7
5 CP¥ 1.6 £5) [CHML Tz (Table 2).
C DB LT L OME L IIEREOLETH -
7=.
D*#i [mm?2/s] 1% 1.5~4.5£% (F# 2.8 f%)
L7572 (Fig. 2c). Znid, 8L 72FIPR I
WMABMIMENEITL TOWLEETEEL T
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4. CSCTHEALZVWOR, FIRIMILTEORE =R
D& DMEOBEMEDIZ D> DK EVEEZRL
TWAHEZATHA. O L, PINRMGGEE
DLEIS, BMIMEOMBKEAEML Thbs I &
HRLTED, BIRICERKS & 52561 T
W5 ERGrA. 12721, pseudo— diffusion
=perfusion TIX W EICHEBEALETH 5.
D*IEMZ DL D% BT BDOTE R, &
WO RV OIREA R L /i Th L. OF
D, FRHTRS B OEMERE IS T A B ARG
o Tiay, EnwH e ThAs.

— I PR ZEAE B Cld ADCE MK 95 C
ErmenTws. LaL IVIM-DWI #
7o 3\ T Luciani 1%, D EIZIEH T &
HEAEOR THAEEITIRDLNZVEL TH
%. ZO—J CHEZ O DMEIZ A RICKME L
RTEVWDSD. THNEFEEFIC T A ADC
EOETIZERICEREL TWE T EaREd
5. GERIOK « OFEFR L &% 5 &, Luciani
5 OFE AT HFBEZE I 351 A PR ML & O T %
RML726DTHLHZ Rl TED, KT
BREINDHRE ILSAEHT 5.

PIRIIER OWEIZ >V TiE, RSvF a7
O 3FHRXICAFERFTR TLEDH L T 1.07 cm?
~1.68cm? (F#1.34cm?) THo 7z, FHZWY
5, B 520, Goldberg REA 52V, Gaiani S
BN LB L, BAME, AFRERETIIM
DRGEHE, FINR MR & R PR L & 5400
THEVD. BEORE LHERPEH L -
7CEEBELT, ROIZT7 U=V F TV
Z k%, 2D-PC DM G MEEN 5 Tk
Molol EMETF NS, FIROEEN R 41L
R IIE, K DRI RRE O R B A H D
THRATALERDHTEHD.

¥/, BEAMLILTIVELIVAALT
DEHFLE RN /2. L2 7 v —IViC
13, 3fEIIC 794 keal LR SN TV 5D, %
BFRBD BUOBEBERAIOY —DET—ETHAH
DEERINES. FICHEBRE 3 HOKEIT LN
ZFNEL B8 0rbbd, HEREIT—ET,
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BRHFAMCENMELLEEZEZONS. MHIXFA
IR D FEHFAMOFELFTHNTWB2. Z
DHT, RFARIEHRERT-ETHHI L
DEEOR NG, AU — A4 2 ARER
T EICESEREZ TERET-> Tw5b. 4k
FICEHWIEE CTER T 5720121, REAME
HES L —EBICMZLHENLETH 5.

SEI OB OREZEEL T69, FU
BHEOER T HLIRM & Ec/ o kv ol
NBPET HEFHRTES. T2, BHIORY
AT o TR —EREEEIOFED TRER &
D, HURPHEBICER > TlRFEET->T05
TORAARBCH—ORY Y a V7 PTET
Wiz Zhud, R LR RIVAICE TR
5HEMME HEOEENEAL ThAHT EEE
5. Ll ChooREL, 2% ROI
HRELIETEHfbInNTHBESN TV A
LD LEEbhns.

Fig. 2¢c, d OBAL R BE T 5 &, (EHEZ
NMFEREL WD DMEIRESE/L T
%. 513 Biexponential fitting 12 5513 5 /%
FA—ZOWRREEITE LW Ea L T
WBW, —FRS A= OMITHK L TFHE
FEABTMNCT 5 KD e HMcEAR LB D
biexponential curve % %75 5/35 A — 2 O
THUFHC & TR A= RHEEDORE A |k
SHLTENPAREERLEVD. DFED DL
fii & D* & & M % |3 biexponential fitting
RATHHEEZS.

HOIL, IEE/ER MR A A=V 7 D%
B, MRORELBXTWED . ZDOHRT,
MR (Z 351 BHER O NI, FFFINRILIRE & AT 8
PRIMAAXFITE %, PR 25 < &
%, WFBEZE & FANRETIAEIE O 5 AR A E 2 T
&5, IRERARRERA A TREE L R L
TWb. SHITEICE S OB S SN 2
&, IVIM OIEF#ARKICICHIN T 5725
3.
S B PRI & EETROBICR 2B & 22T 5 -
7o, ENDEMWIEOD, BIEWRDO)»,
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Intravoxel Incoherent Motion (IVIM) DWI of the Liver:
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Purpose : We evaluated if meal intake changes the diffusivity result calculated using the intravoxel
incoherent motion (IVIM) model and the portal flow velocity measured by phase contrast magnetic
resonance (MR) imaging.

Materials and Methods : We asked 3 healthy volunteers to eat 794-kcal meals and acquired MR im-
ages before and 20 minutes after the meal using a 1.5-tesla clinical MR scanner. We acquired 2-
dimensional (2D) phase contrast (PC) gradient echo MR images to measure portal flow and
diffusion-weighted images to calculate diffusivity results using the IVIM model and b-values of 0, 10,
20, 30, 40, 50, 70, 100, 200, 400, and 800 s/mm?.

Results : Portal flow was greater after the meal than (before) : Volunteer A, 16.1 cm/s (9.7 cm/
s) ; B, 18.0cm/s (12.8 cm/s) ;and C, 18.3 cm/s (11.7 cm/s). The diffusivity results of D* and f
were also increased after the meal in all 3 volunteers. D* and f values before and (after) the meal
were : Volunteer A, 97.1 and 0.14 (149.6 and 0.20) ; Volunteer B, 79.4 and 0.20 (183.4 and 0.21) ;
and Volunteer C, 29.4 and 0.19 (132.7 and 0.20). The trend in apparent diffusion coeflicient (ADC)
and D values were inconsistent among the 3 volunteers.

Conclusion : The higher D* and f values in the liver after eating calculated using the IVIM model
indicated increased portal flow due to the meal.
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