=

Intravoxel Incoherent Motion (IVIM) A A—Y vV ZI1C

51 % b HOER :

GUTIVTREFVTIVT

INZ =V BRI 2 55

s e 7 1,

AEFRAR?, e B W B2,

M REL

R H 75 !

LA R A R I v 2 —  2ILIBLK SR O AR

H =

PEBCRFG & TR OS5 FIRE R gL
LRGEETHY, SHUNRHEEOZK I L0
LTRSS TRIEIEAINTW S, fh#k
AR T B OIREERE (apparent diffu-
sion coefficient, ADC{#) #HH 45 &M T
&, EEAA—V VI OFEEL TOIRHAL A
BETH 5. ADCHIZ D FINBDORBRE 4 7r 315
BEEEINTWED, BFEITIIRZ RVHDS
DE)E TN TOMMTH 5. IWHEEHRE TIES
FOBEEMEOTNE L THRIBEL TED, 2
DR7 CIVHOMM T NA G| Xk 45 FE#)
Z#Fr L C intravoxel incoherent motion IVIM)
IS IVIMIIZIZEOEWRD 75 FIAE D & /s
59, BUNMER CEMIMAERNOIMK, Tk
WS LS bEEhb. B, ERICKSS
FHBORE I EOSFIH LD K E . L
AR CTHWONS b EIZIEY « v P &
LFEEN, KRELFTNETHFELEDND-LD
ELITFEB 25T ERTES. ER
@%ﬁﬁ%@f@@%@%ﬁ%ﬁ%b BD5
FIE R LD EMEICERE T A7 DICTE A721
SWhEEFEH TS EWS HRICHEREL T

7. L2L, FARICEVWDHEAHFEL Th
EROWEZHRT 5T LT TSV, EIRD
WENBHALARY, BixHbHEEZHAVSE, H
—DRAKRTH RS ADCEAEOLNSC LI
b CHRIEBERGEEREA AV VT L
LTHIAT 5 ETOREHEE L70-> T b,

1980 4= X Le Bihan S 385 b % H W
7= YRR 1 5 & bi-exponential curve 12 3T {E
5 C L TN & B OO % [RRF IC 3 &
4 A5 HEAREL 72 (IVIM imaging)V~%. &
DITELEBOIHEER G 15 5 NEP 5 D B
BRI 0570 ¥ OBET, FRKISHITAEE
T 90 ERUBFEFFEEIC LS -7, L
L, fiFN—F =« 7OMEFIT LY, mEE
PEEORIHG DR TR FTRE & 72 0, Hicix
ERERPEONLAEEOD HFEE L TF
U2 O T A9~ 10,

IVIM model O FH5 I3 &/ —FBEIC L 5 bi-
exponential curve ~D 7 4 v T 4 V7 TiTh
N5. ZOODET VT U VT EITE W
FREEWEND DD, %< O Db EOEG T NE
T5HZ LI L TRIERFHSERL TLE D /2
DIZ, BLBREOBEBICHD HLERD 5.
Lemke A i3, [EfExT — X % B 57Dt

*—rJ— kK IVIM (intravoxel incoherent motion), bi-exponential curve fitting, b value number of sampling data

and sampling data patterns
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B2, LIBARTWBEY. LaL, bEOEIM
WREIRL, &b fili % E 3 NIT TR G KREE %
L 2 OBEEZED R VRENTE 50T
FEHNC RS N ERETH SH. OB T,
bEY VTV VT TF—=2H - BT TN
22—y IVIM A A= 7 OFMERICS
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MR EFE

1. %%

CNE TOEMER L IVIM OF% TiE, BT
&S, WERED-S, B, BiZERY, FLRD 7%
E, RBRTOR AL CMEINTWER, 4
B IR K A REY OB A W THEER 4 % 720
IS B A BRI S & L, BRGsip e s L
7o R THEGHEY L, FEZE/ TR
SVFa T 14 GBTEB) L7 Kk
T FEGRT =2 2 AT TCH 5.

2. WG/ A—x

HIE2E & (X Philips Achieva 1.5T (R2.6), =
A VL EAEFH Neuro Vascular Coil 16¢ch % {#
L, 2V rIa— - 1a—/5F—3Eic kb
5 Ho R T {5 7 R {2 L 72, Motion proving
gradient (MPG) /U 23 EA 9 5 3 Bl EI N
L7=. W&k, field of view (FOV) =230
mm X 208 mm, voxel size=1.8 mm (Ny) x2.3
mm (Nx) x5.0 mm (Nz), SENSE phase reduc-
tion=2.5, Slice thickness=5 mm, slice gap=
10 mm, slices=4, TR=5000 ms, TE=70 ms,
flip angle=90°, EPI factor =39, Half scan fac-
tor=0.62, water fat shift=9.2 pixel, band
width=23.8 Hz, Slice gap=10 mm, NEX=1,
fat suppression=SPIR, total scan duration=4
min. b fEZ M4 E I THRETEER KED 16
%% 0/10/20/30/40/50/60/70/80/90/100/

150/200/400/800/1000 (s/mm?2) & L 7=.
MPG /v ZAOHEI Nk (6) & —xd MPG
JOV AR (4) iF—ETdé=242ms, 4=
34.7ms 72 5 /o A EIOE S IEIC OER L
@{%ﬁﬁb&ﬁ’o 7-.

3. ADC{#, D, D*#E, ffEHOtE

BN/ NTOEBR CRIBAZERTHEIC 3
@ region of interest (ROI) # & = % DFHy
k7. Fig. LICEBERORWE L /2 3 @O
ROI DA & K& 3% /R L 7. ROI DY A X
parallel imaging il L 7272, V7 LI
56 (Tx70E) OFFELLW. EEEES
2 FEFHOILEEREL D (true diffusion coeflicient)
L D* (pseudodiffusion coeflicient = perfusion)
%R L - U TR IC fitting <& ADC fil, D
fiti, D*E, 35 k0 perfusion O 4 B H
L7z, SHEICIEUTORx Avie.
PERDILFEFGIC L A ADCEHOFH -

Fig. 1. Measurement position and size
Measurement position and size of ROI. I fixed it
in 56pix and measured it in three places of the
deep part white matter.

201241 7 12 H=H 20124 4 H 20 HEGT

ARIEERS  T400-0035 (LALRHATTH A 1-1-26  (LALREAE S RE B v 2 — AR R BEIEHE R
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ﬁzexp(—bADC)
So

CCTIEHAL L0HE/PIFEETADCEA B
L7
IVIM €5)UIC X % D{E, D*#H, fEOFEH :

Sb>2°°=exp(_bD) ........................... %2
Sb=200
Sy
—=(1-f)xexp(—=bD) +f
So
X exXp(—b(D+D¥)) vereeeereeeeeenen #* 3

SO, £¥R2 L0 DEEE VK, K
3L DMEL fEEE WL, FHETVWIENDL
PG V.

W—AF v /2 10EEEDEL, TNZThD
AF x5 ADC{E, D{E, D¥E, ffEx &
L 2Ol & 'R (coefficient of vari-

ation: CV) # k7. 22T, FEREITE
HREZFHMETHRLZDDOTHSH. T,
IVIM model O FFHIE, 1AL KGR FHO
o TN—VTRESNTWBHEY 7 F 2
MAl7z. 2OYV7FTiE, &bEICKTAE
FE% AT+ 52 L CADC{HE, D, D*H,
fEEHEEd5Z LR TES. (http://yamarad.
umin.ne.jp/ivim/simplex.html)

4. [ROTGE
BRHCHWZ 9O TV v 7 —2
BTV T T =282 =/ % Fig. 212
ml7z. 22T, BRL7cbEd Ty
T2 dTNTHOGHELAER b - &b
BEHTEZA5IEMBREL TERAL I AHM
& : full 2 EZF L 7- (ADCtui, Dsar. D*san, fran) -
RIZDEOY TV T BEWO LB a&%
BMEL, bl 200 RiliD > HLOWL DipwH
X, bfE 200 L LOF—2 % FXTHWCEHE

b-value 0 10 2 30 40 50

70 80 %0 100 150 200 400 800 1000

full 16 ® & 0 06 6 & 0 & ¢ 0 0 0 0 0 [ ]
Pattern A

Al M [} [ J L] [ ] [ J ® & o o o o
A2 M ® & & 0 ¢ o o ® o o o
A3 11 [} ® & & 6 & ¢ 06 0 0 0
A4 7 [ J [ J [ J o o & o
Pattern B

B1 15 ® @& 0 & & & 0 0 & 0 0 0 0 0 [ ]
B2 15 ® & & 6 & & 0 0 & 0 & 0 O e o
B3 15 o & & 06 ¢ & 0 0 & 0 0 o o e o
B4 14 ® & & 6 &6 & 6 & & O 0 0 [ ] [ ]

Fig. 2. Nine kinds of patterns for calculating diffusivity values

An ideal acquisition pattern was defined as full representing ideal data a-
quisition, in which all diffusion-weighted images with 16 b-values were
used for calculating diffusivity values. These ideal values were ex-
pressed as ADCrui, Drun, D*tan, and fra. In pattern A, all b-value more
than or equal to 200 were used for the calculation, while some of the data
with b-value of <200 were omitted. On the other hand, some of the data
with b-value of >200 were omitted, while all b-values of <200 were

used.
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L7k a Ak (A1,A2,A3,A4) » L, bi#
200 U EDF—2D5Hb WL OhkEE, bl
200 KisD 7 — 2L TN THOWTEHEL &R
% B (B1,B2,B3,B4) &L/ v 7Uv
I A2 b ESE full © 16 Ik L, Al :
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ADC{#, D{l, D*#, ffEDOFPHE, ZEitk
Bl Lic. &/, £ 7V v x—
ICRB T 5 mBRH % E T 5 &, b Ek 16 [
D full 28 4 5 TH 7Dz L, 15 5 15 7
FAMED 355 46 F, 14 875 30 BEEAED 3 45 30
®, 112 145 15 WEMED 2 55 458, 7
TR 1545 Eino7.

& R

1. FHfEO Heis

Table 1 IZHHFEROFHEZ R . full D
SEME &l L 7o & EIC AE, BEETHEICK
#(37% <, ADC{#, DEIZIY VTV v I F—
RRRNE =BT TN E WD f
Bl o72. F7- ADC DfElL, D HEICEH~NRT
HIZKE o 7.

—77 D¥EOF¥HE L, HAEE TH S D
(10 10[mm?/s]) &ML 7285a, AT

*a1 (10.50[mm?2/s]), D*az (11.12[mm?/s]),
D*A3 (11.46[mm?2/s]), BTl D*: (10.44
[mm?/s]), D*s (11.86[mm?/s]) 23T\ MH &
L CHER T & 727, D*as, D¥ss, D*ss Tl m W
fEZ R L7 (12.81~27.40 [mm?/s]). ffEHD
SEHfEE, A3 T 1.43 & fu(0.06) & HEEL T
KELS R - Tz

2. ZEHRED HHL

Table 2 I A B tR¥ : CV OBEHE R %R
3. ADCEOEBREUL TV TV v 77—
VIZELFERWEEZRL T\, DEOEH)
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Table 1. Mean Value Calculated with Fitting

ADC D D* f

full 0.69 0.65 10.10 0.06

Pattern A
Al 0.69 0.65 10.50 0.06
A2 0.69 0.65 11.12 0.06
A3 0.67 0.63 11.46 1.43
A4 0.66 0.64 27.40 0.30

Pattern B
B1 0.69 0.64 10.44 0.06
B2 0.69 0.65 11.86 0.05
B3 0.69 0.62 12.81 0.08
B4 0.69 0.62 12.91 0.08

The mean values of both pattern A and B were almost
same as that of full. Mean of D* was high in D*aq4,
D*g3 and D*ps, when compared with D*mu. Mean of
fas was obviously greater than the others including
fran.

Table 2. Coefficient of Variation (CV) of Diffusivity
Values

ADC D D* f
full 0.02 0.04 0.56 0.38

Pattern A
Al 0.02 0.04 0.60 0.38
A2 0.02 0.04 0.48 0.36
A3 0.02 0.05 1.40 0.60
A4 0.03 0.04 2.94 0.59

Pattern B
Bl 0.03 0.05 0.62 0.41
B2 0.02 0.03 0.58 0.30
B3 0.02 0.10 1.37 0.59
B4 0.03 0.10 1.29 0.60

When compared with full, CV was high in Dss, Dz,
D*a3, D*a4, D*p3, and D*g4.

R %1% Dss, De T 0.10 Z7x L,
(0.03~0.05) ICHXTED»->7/z. DMEOEHE)
F2EE D¥ean (0.56) 1% L T D*a1 (0.60), D¥*az
(0.48), D*m1 (0.62), D*s2 (0.58) 730\ EUE
R L7z7, D*as (1.40), D*as (2.94), D*gs
(1.37), D*p4 (1.29) iIEVMEE/RL /2. f{EHD

fl & J5
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RIS FRRIC far (0.38), faz (0.36), fm1
(0.41), fsz (0.30) TiZk, fan (0.38) 3T\
T - /=23, fas (0.60), fas (0.59), BEETIE
ez (0.59), fes (0.60) TEVWMHEZ/RL 7-.
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FABETIVTY ALDREF b EZ200 DF—X
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1DOFHMETAHRS &, £\ T A3, A4, D¥IC
BOWTAMBANTHEEOD, ZOMOHEIC
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D CV TAHATARSE, D* fD A3, A4, B3, B4
PHNTHBHEOD, RLFV/INx— A L)X
2—v BickERZ{iEZm. TOT EMD
10 @ ED b fEAEY v TIV$ 5D THNIL,
10 ff & 14.75 T KR E LD & v 2

b, o A4 T, FHME, CVHE, HKITHED
ful 25K HANTED, Lemke A 5 & A
RICTEOY Y TY VTR TEARRTH S &
S2%. Lemke A Gt &7z, KO DbEDOY
TIWPBETHHELTF > T0h. SEFEAD
ERPOIEDMEL LT EEICY VT V7T
LR DDH T LBl Bz A2 2
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Selection of b-value Number and Pattern for Intravoxel Incoherent
Motion (IVIM) Imaging: Effect on Reproducibility

Junji Hirosg!, Utaroh MoTosuGI2, Katsuhiro SANOZ2,
Ryoji AMEMIYA!, Yoshioki YODA!

YYamanashi Koseiren Health Care Center
1-1-26 Iida, Kofu, Yamanashi 400-0035
2Department of Radiology, University of Yamanashi Hospital

Background and purpose: Intravoxel incoherent motion (IVIM) imaging uses diffusion-weighted
imaging (DWI) with several b-values to separately quantify true diffusion and perfusion. We exam-
ined how the number and pattern of b-value sampling affect diffusivity values calculated by IVIM im-
aging.

Materials and Methods: We used an IVIM model to obtain images of the brain of a healthy volun-
teer using 16 types of b-values, i.e. b=10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 400, 600, 800,
1000, to ascertain the molecular diffusion coefficient (D), perfusion related coefficient (D*), and per-
fusion fraction (f) and a monoexponential model to calculate the conventional apparent diffusion
coeflicient (ADC). Scanning was repeated 10 times to calculate the mean and coefficient of variation
(CV) of the diffusivity values. The diffusivity values calculated using all data of the 16 b-values was
defined as the ideal value (Full: ADCru, Dsut, D*tun, frur). We compared the mean and CV of ADCru,
Drun, D*fan, and fran with the following results calculated using undersampling data: Group A1-A4, not
using some of the images of b-values of <200: Group B1-B4, not using some of the images of b-values
of >200.

Results: The mean ADC and D values did not differ among the groups. The mean D* value of
Group A4 (4 types of b-values of <50 were sampled) and Group B3 and B4 (not including the image
of b-value of 200) was obviously higher than those of the other Groups. The CV of the D value was
higher in Groups B3 and B4 than in the other groups. The CV of the D* value was high in Groups A3
and A4 (excluding all types of b-values of <50), and B3 and B4. The CV of the f value was also high
in Groups A3, A4, B3, and B4.

Conclusion: Acquiring images with types of b-value of <50 and 200 are essential to maintain the
reproducibility of the diffusivity values measurement by IVIM imaging.
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