Diffusion Kurtosis Imaging (DKI) : #{% 1 D IEBERI 4 5t
B KU RIER RS [ K& RELH]

fa ok — 2 W IEWEL EaEFES, EHE  E2
e e F =% wARBRETY P R T & A
h EL F KRR KR!

YEHR R R R B AR RO RE 2R B R A BRSO M R ME R B BR B e st sk - 8

SHRUR R P BE B A RO TR A AR

B&E S UER

WA, BB GE L 7s W IEE O & AR
G MEINTE Y, ZOIEFAM & HRERARK
DEIDO TV 5 AT B KUFHIMES BT /=722
HHE L TEHINDDH AV,

PRER B % (diffusion kurtosis imaging:
DKD) 3k DIEE T v Vb & 135827 5 FGw Y
BRICIABMIONETH Y, EHEGAMZEEL
B (HIBRIEED ORI w]BE & 72 5.
%72, bf#E 3000 s/mm? LA N CHEATRE R /2
DY, IO EW Db EE L L BHFRD g space
imaging (QSI) &V bERKISHRES L7 5.

YR T VR IRBGRRICE I 585
A — X OBFHIRE % Te & PIFAE T H 218D~
DKIICBA4 A# & T &2 m w10, 2 2
T, AW T DKI #ERICFIH T 572D
X7 b E, @, i+ LU diffusion time % &
AL, FIEAERIRERER & L THEBEOEF LS 3
5.

b5 Bl
REFIERSH D O OMBLOE &\ %R TH
AETHD, MRIFZICEW TR TFORIC
FoTE#ZSIN LY.

Y74 )9 ATV PO AV %8

1
Sexp = {7]2 + |:SO exp ( - bDapp + E szgpp

) 1 o

MD?
KappZE 2 > 2 2 nnnumuWia

PP (=X, z2j=xY.zk=xYy21=x92
(2)

Z Z T, 513 Rician noise, Dapp i3 B2 1T DL
BEREL,  Kapp 13 R0 T OIREREE (%, MD 1%
Mean diffusivity, ninjnen i 5B 27 k)L n D
B, Wik (IR OB AR T

PEEREOFHBEICKIT SR L L C, Leven-
verg-Marquardt 7% ¥ 1 X A BUEfREOE
RO R, BLUOMFICEESNPL TV L
T EPET N LD,

T, IWHRARE T VY IV 4 BOE T
VIVTH D 8l DG HHT A0, NPk E
E L CHERAICIIRM 156 OISR 51 L - C
SHEMNTRETH AV 7228 T, EH#IL
MREAHET 256, HmMIC 15 o
MPG B L 75 5.

5 &

RSV T 7 44 (age ranged 21~24

*—rJ— kK DKI, b value, MPG direction, diffusion time, SNR

29



HigReE 5832%& 15 (2012)

years, mean age 22.5) & XRICHIEE L O dif-
fusion time {Z B§ L C mean DK f{#i % 2t il L
7. Iz T, bEOMEAEGELRHICEHLTH 1A
Z%f5g & L C mean DK A EHAIL 72. DKI ©
#8213 3T MRI%4{& (Achieva, Philips Med-
ical Systems, Best the Netherlands) #{# i L,
UTo=>078Fa— L aigEl /.

L. bEDOKR, &5 : TR/TE 3000/99
ms; slice thickness 5 mm; 2 X 2 mm resolution;
MPG directions 32; b-value 0~7500 s/mm? (16
steps) (530 DM A G DL Table 1 # %
M) 3 A/5 49.1/39.1 ms.

bEOHAEHE (Tablel) ICEHL C,

Groupl |3 Jensen 573 2010 FEITHREL 2=
DObEZFEALZZLDTH NS, Group2 (T
Jensen 5@ 2005 F M FNIFHFE I N/ bEEZ AR
AT HLDOTHAHY. Group3~51id, Th
5 o071 a—)b & mean DK ff % il 4
B7cOI b ROFER LA G DY %
Bl 7.
2. MPG @#iftows, WwBE4H: TR/TE
8000/90 ms ; slice thickness 3 mm ;3 X3 mm
resolution; MPG directions (6 fJH, Table 2
#ZM8) ; b-value 0, 1000, 2000 s/mm?2; A4/d
44.1/34.5 ms.

Higd, B'E (white matter) & JKEHE (gray

matter) OFHAMEOEE#EF% (standard devia-
tions : SD) CHEfM L 7-.
3. YLEEEE] (diffusion time) O#ES, R4
f : TR/TE 8000/56~104 ms; slice thickness
3mm ;3x3mm resolution, MPG directions
20 ; b-value 0, 1000, 2000 s/mm?2; A4/0628.7~
83.1/9.5~34.5ms (Table 3 #&H).
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Fig. 1. Example image for VOI study :
superimposed on T2-weighted image without
MPG

72%, mean DK f & TE ZEREIZFE S signal to
noise ratio (SNR) & F & ZE L 7-.

WENLENTY 7 L dTV.II.FZR (Image
Computing and Analysis Laboratory, Depart-
ment of Radiology, The University of Tokyo
Hospital Japan) #{#f L C, posterior limb of
the internal capsule (plic), corpus callosum
(cc), caudate, thalamus, ¥ LU CSF (Z8 3 i
=) ICBI LS (region of interest : ROI) #
#E L, mean DK % ZHHIL 7=.

/o, ILERRR (diffusion time) D&EHT
X, MRIcro (free software) ZFJH L CTb=
2000 s/mm? |[Z IV BIREKR E /N 7 75T
FIZ ROI #&%E L, SNR Z=#lE L /-.

7%, VOI study & ROI study O BRI i3,
FENMBEIC X AFHHEOEA LA #E T A 720, %
B8 35 & OF protocol & X ICRl—d VOI % 7=
i% ROT % {847 L CEHANC A L 7.
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& R

bfEDOMAEDLE, W, ¥ XU diffusion
time DR % X Tables 1~3 IT/RT .

R L bEIEEWEEZHEHAL /HAEGDYE
27 51 ¥, mean DK fii$s L U7 OfE#E £
PME TS AR & 7% 5 7. T OERIE b=6000
s/mm? DL B @ L7 Aa A& (Groupd, 5)
T, KABLD LABICBVLTHEICRDOLN
7z (Table 1).

RS 2. WA HE° 9 & mean DK fHOREHE
WEPMET L7z, 6 CIEZOEDPEZICAD
N7, 158 ETRRERER LD .

7t¥5, 68T IS caudate (ZEHAIG 5 C LA
T&7/r-7- (Table 2).

#5453, Diffusion time (35 < 4 541F & mean
DK fEIZ ¥31F % CSF OfE} 0 IZHT D WD,
TE OEREICHE S SNR DIE T 7RO 5N 7-.
%72, mean DK B/ 010K S itk - 72
EHEREOIKT LA DN/ (Table 3).
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BT ORI ORE L X5 ERHMbN
TW5Y, F72, Mulkern O BT OILE R

Table 1. The combination of b-value (mean DK value)

White matter

Gray matter

Group
No. plic cc caudate thalamus
1 1.22+0.15 1.04+0.13 0.69+0.10 0.91+0.11
2 1.02+0.11 1.02+0.09 0.62+0.08 0.71+0.09
mean DK 3 0.91£0.05 0.76 +£0.05 0.43+0.06 0.63+0.05
4 0.85+0.05 0.66 +0.05 0.47 +0.06 0.63+0.05
5 0.72+0.06 0.58 +0.05 0.46 +0.06 0.56+0.04

Note 1. The uncertainties indicate SD

Note 2. Each group number contains the following b-values.
Group 1 : 0, 1000, 2000 (numbers indicate b values [s/mm?2])

Group 2 : 0, 500, 1000, 1500, 2000, 2500
Group 3 : 0, 500, 1000, 2000, 3000, 5000
Group 4 : 0, 1000, 3000, 5000, 6000, 7000
Group 5 : 0, 5500, 6000, 6500, 7000, 7500

Table 2. MPG directions (mean DK value)

White matter

Gray matter

MPG

plic cc caudate thalamus

6 1.21+£0.32 1.07+£0.31 0.94+0.17

15 1.26£0.21 0.97+0.26 0.83+0.22 0.99+0.14

20 1.25+£0.19 1.13+0.26 0.86+0.20 0.90+0.13

mean DK

24 1.21+£0.18 1.10+£0.31 0.80+0.19 0.94+0.13

28 1.28+£0.19 1.06 £0.28 0.82+0.18 0.97+0.13

32 1.28+0.16 0.99+0.24 0.82+0.16 0.97+0.12

Note. The uncertainties indicate SD
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Table 3. Diffusion time and SNR (mean DK value)

éﬂgﬁiﬂﬁ CSF [EE] SNR
29.7 0.418+0.082 56  27.3+4.8
25.9 0.391+0.073 70  22.7+4.7
40.9 0.383+£0.070 70  225+4.7
50.6 0.376+0.067 78  20.0+4.2
62.2 0.369+0.062 88  18.9+4.9
72.3 0.360+0.054 97  17.5+5.2
79.9 0.355+0.050 104  16.5+6.1

Note 1. The uncertainties indicate SD
Note 2. Diffusion time=4-6/3
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LEZ .
GG DL EOFRER XD, TR/TE 7437/
70 ms ; slice thickness 3 mm ; 3 X 3 mm resolu-
tion ; MPG directions 20 ; b-value 0, 1000, 2000
s/mm?; A/ 45.3/13.3 ms.
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Fig. 2. Astrocytoma WHO grade 1T

(a) FLAIR, (b) contrast enhanced T1WI,
(c) DWI, (d) Fractional anisotropy,

(e) ADC, (f) Diffusion kurtosis imaging

BWEt L, SNR L#BKHAZEL T2 15
cm % 6 % 50 ) THIBE ety — v Ak iR
EITAHIENTEN. T, FBEDEMFNCIT
% mean DK map (%, FA £ ADC 7z & Ofthd
map L IZELLIVIFTAMNERLL. &
%, HFxeBEBIIBTAEHAEIHRTEA.
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Fig. 3. Glioblastoma WHO grade IV
(a) FLAIR, (b) contrast enhanced T1WI,
(c) DWI, (d) Fractional Anisotropy,
(e) ADC, (f) Diffusion Kurtosis Imaging
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Diffusion kurtosis imaging (DKI) is a new technique based on non-Gaussian water diffusion analy-
sis. Because water diffusion in the brain is restricted (non-Gaussian), DKI provides more precise
diffusional information derived from the tissue microstructure than does conventional diffusion analy-
sis, such as diffusion tensor imaging (DTI, assuming Gaussian). However, our original protocol for
DKI required 10 additional minutes for scanning, which seemed excessive for daily clinical use, so we
examined b-value, number of motion-probing gradient (MPG) directions, and diffusion time to find

more suitable parameters for DKI in the clinical setting.
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