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Diffusion Imaging using Three Orthogonal Diffusion Encoding Gradients

Koushi Harada, Norihiko Fujita, Kousuke Sakurai, Syogen Kin, Katsuyuki Nakanishi,
Takamichi Murakami and Takahiro Kozuka
Department of Radiology, Osaka University Medical School
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A new pulse sequence for in vivo diffusion measurements by magnetic resonance imaging is
introduced. The proposed sequence employed gradient sensitization in three orthogonal directions to
accentuate the effects of diffusion. The amplitudes and durations of the diffusion encoding gradients
were carefully selected to achieve optimal signal-to-noise ratio in diffusion imaging. The pulse
sequence was implemented on a superconducting whole body imager operating at 1.5 T. The self-
diffusion coefficient of water in a bottle was measured to be 2.17 4= 0.089 X 10 m?/sec at 23°C
consistent with other previous measurements. A preclinical study with a human volunteer was also

performed and results were presented.
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Fig. 1 The pulse sequence for diffusion imaging
using three orthogonal diffusion encoding gradi-
ents. (Sequence 2)

Fig. 2 An apparent diffusion coefficient map of a
volunteer obtained by the proposed technique.
Diffusion cofficient of CSF is high compared with
that of brain parenchyma.

SERL 248 2 A25H

(99)

199

3.75X107°m?/s & HAHFREE <, BYSEE it

FREH31.0X10°m?/s i O PIER O L R Fe o 2%

OB NS VEGE & LT & he (Fig, 2).
% =

MRI % F w72 35 8 0 52 12 Wesbey %912 &
hE A &7z, Le Bihan 9z & b K800 6
¥ & & 312 intravoxel incoherent motion(IVIM)
ELTHEHEh, “oIVIMOLTDOHEY 4 A
2E XRS5 R B L apparent diffusion
cofficient (ADC) & MEhtz, 4 EIF < 230E L
7D in vivo LB W TR EOEGEE I ¢
ZOADCTHA.

LEERHERER > — 7 v ADERIZH T - T
3, FFRESROLBIC: AESHEREY FD
BECTIIEE LI 2 IR E R OB/ K b
B, Thbbitfic X 5E5HEDRCRE
k&2 fThiudi 575y, Hrov at and Wade® i1,
MBI X 2BEERBEDRODH > —r VA TEDL
NBHESHE LI L AR EETESL > —
Y ATHRLNAEBHMEDHD0.1~0.6% K
ELTW3, SEEADFER LI — 7 v AT
ok, FEROBEEKRT0.3, £ vF 4 7O
SLET0.5-0.6, CSF T0.158& /s o TW 5,

MRI T3 F| 7T e o A 3G D IREE A R < 2

brRAa—DESLHE L TEDTEEL, Lk
FREA BT 5 fo I LRI O EA R o Ep AT
PR TH Y, TE DR > REEC Ehb, @
MBEBOET AR ST hE, i X 5
EEHESHRI TR FhoFAOHMBORMLE It
ha, LY RMESHEGREIB OIS, T8
B Y TE#EL LTS/ NORWHEE#EAYE5
fo @iz i diffusion encoding gradient @ £ 5 [k
BRALNHRE—2DFETH 5,

i ORBE_+HKRER 77 v b — 2%
WAIR b, BAEUE isotropic T#Hh A, LasLAAEx
W& ELICHE, MRES I bav P T7heEo
BEmc X h IR S h Tk b (restricted
diffusion)®, HABUCRFHELD HHE S+ H5ICE
z bbb, Moseley F732T 0B HEE > # -
T, WHERTRD BIMOHE TOIBIC RS
Mrbs LEREL TS,



200

AR THGIY —r v ATREAATRTIC
M8, AR O diffusion encoding gradient A%
A Eh TRy, X 2E5EEDHREiso-
tropic T 5. —77, FEROF,E D X 5 icdiffusion
encoding gradient 23— FMICEIR] & b &~ — ¥
v A TIILBUC X %) R 13 anisotropic TH 5%,
Bavfvlier—r v 2REHRTHR Y, Lo
RAEMIREZ bhicw, L LEREKRIGH ORI,
BEREERSE RS> 2 = v /OB GIZX D EAL
TAHRFRBILETIONS,

=757 diffusion encoding # 5 Z &z X b
TE 0fafE»FHETH b, IBHRBEGROKE D
mEMREIhD, L LEBEBORAK > VLWTIRE
FredbRE &bl 5570, =71 diffusion
encoding @I ITAEEIC KT A IEBERO E%
OB EEICEET ST bDEEbRS,

X Wk
1) Avraamidou A, Leach MO : Direction indepen-

dent diffusion coefficient mapping. Abstract
Book of Seventh Annual Meeting of SMRM.

2)

3

L

4

5

s

6)

D

EREA 2 -2 v s

Vol 2, p747, 1988

Abn CB, Lee SY, Nalcioglu O, et al: An im-
proved nuclear magnetic resonance diffusion
coefficient imaging method using an optimized
pulse sequence. Med Phys 13 : 789—793, 1986
Wesbey GE, Moseley ME, Ehman E:
lational molecular self-diffusion in magnetic
resonance imaging. 2. Measurement of the self-
diffusion coefficient. Invest Rad 19: 491—497,
1984

Le Bihan D, Breton E, Lallernand D, et al:
MR imaging of intravoxel incoherent motions :
Application to diffusion and perfusion in neur-
ologic disorders. Radiology 161 : 401—407, 1986
Hrovat MI, Wade CG: NMR pulsed gradient
diffusion measurements. 2. Residual gradients
and lineshape distortions. ] Magn Reson 45 : 67
—=&0, 1981

Cooper RL, Chang DB, Young AC, et al:
Restricted diffusion in bicphysical systems.
Biophysical J 14 : 161—177, 1974

Moseley ME, Cohen Y, Mintrovitch J, et al:
Evidence of anisotropic self-diffusion in cat
brain. Abstract Book of Eight Annual Meeting
of SMRM. Vol 1, p136, 1989

Trans-

(100)

BAERSIE #50% 25



