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Ko FIBESILE (MR) mEEEE, &
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MR 2 (& T I REIC 75 - 7o O & THIRRE R
FIK COMKRFIANER L, BEAEEERE
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BT S, COEBIERE SO EHICH
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F A EREEAIEETH S L, IKEBORE R
IR EL D & ENIENT 05 LB By T & D
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R BLE Cikik MR B Gk OFIH 28R 2 %
DITHE I B LA OIS I DWW TORE
BAEEIN, 4 HOBKBLYE Cik# MR H
BEDREROBR, THRTH, BEEREIC
RIIWENDDABRER OGP TE/z. 2
DOBH T HFEHRRHS TR RIS TW5

2R PR E ISR ES S5

Ta—75F—k& ARG FihE x EEL
T HBEOR G 2 BB L /o8, IRE MR
E AN A &S B RERRREICOWTO
HEEELDS.

ERIEIS 2 A O 7ok D TS ORIE

AV T a—EICBW TR KR LR Z 5
R ED TIHROBEEAMHETEH LS50
% & BERAL DR & K L /-5 5 A LA EEE s
N5. BRALOWBZRIL, 5 - 7k E O
MRS O R —IC & 5 T2 4EF, FEWe%
(35 Bo) ORI —IC L A8, L CHT
JRERIC K A BT Ttk 5 2 & THEL S
L #E 2 HLNTWA. Hahn i3 1950 £ ALY
T a—IZ DWW CO I CHFIRB OB
BADOBEEICO>WTSN TR DY, 1965 4
Stejskal & Tanner (A T a—#EICB W T
180 FE S v A/ OV ZD AN K & AR LT
WA & O\ BBERMS Iz 5 Z & THZE
SNBLEBERTHGFIEE KL TWb L &
bz, TOKESIEWEST HHEEREL 722
(Fig. 1).

EABSIE MR EEICH2 SN/ =20/
B4 HEREE O A IVIC X D EB ORI —E
FINCTER S N A WS AL CTH 5 . ERES AT

COMBUL, 532 [ HAHRILEEFRREA 7T AV a— AiegE TIREGRRNE GO T & Z ORI

HEFR] TORMEEZPLICE LDLDOTH 5.

*+—rJ— K MR imaging, diffusion, echo-planar imaging, brain disease
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Fig. 1. Stejskal-Tanner sequence

In order to measure signal loss by diffusion, a pair of pulsed diffusion sen-
sitizing gradients (MPGs, grayish rectangles) is arranged on each side of
the 180 degree radio frequency (RF) pulse in spin-echo sequence. The b-
value, which reflects the degree of diffusion sensitization, is determined
by the gyromagnetic ratio (y), the strength of the gradients (with an
ideal rectangular shape) (G), the duration of each gradient pulse (J),
and the time interval between their onsets (4) according to:

b=7y2G262(4-5/3).

SN2 G, WAEE O EIIKERTH
BN TOLEBSOMIICHBIT 5D T, KFE
JRF13 2 OAELTT [ OSLEA KA L 7= 5
TR, BBOMSICIE L CTRERPZE LY
%. [ UAEHIC B - 7oK BT b RS E N
FIZENZENDE PN TSRS ICIN L 72
RBFFNCEAL S S0 EB T TP <. EHE
WS S S N ENENDKRIRF O EED
HOZEDH 5> Th, @BEIGESIWHEEL T
EWSRBAMHOTN E L THES.

) U 52807 7% & DERHES & (T [al 20 A L 7=
B, Bl Tw5, BSVIEBEL TV Th )
] &8 S H RN K 5 F A O KRR T 5k
T ARG ENFEERLTHD, 5lERIIh
LAMHOFTNLEEF LIRS EEZDNS.
CO%E, RUEEN® L2 BEOEAAES
BRI ke CEIInd U, Thh
DOEFHESEIINC & > TEL 72 REIDBE LT
E A DORIRIC B 5 A O U HASHIT A

BINDHDT, FE5NERHCHIR (rephas-
ing) LESE TR B,

A v ra—#ra—"7/5 > —mgk (echo
planar imaging: EPI) % i\ TR A IRIR L /2
B4, 180 B iR/ )V A Ol ic Stejskal &
Tanner RO RAF U THOYRA L7659
— M OBBMEFHES 2 EIINd 5 &, BORRE R
B Mt FICRBLIHECIIA LN WG
FETHBZEINS (Fig. 2). T NidMER
WIC BB ERHE S IC X - THB S e\ WS
B b2 6T Ky TBEPHFETHI L HRL
Tk, ZOLRFEBPOBRLEOL K E S
EHRDERRT (5 VX L) KT RBEIDM
B 7k (self-diffusion) % Bl TW5 &
EZONT\W5HY.

IEBGH D72 DIC [/ U 2B 1% & B IR D
FIANC IR L 72— OB SRR AHES % mo-
tion probing gradient (MPG), diffusion sensi-
tizing gradient 7z ¥ LA TW 5. MPG O

2005 4F- 6 [ 14 HZHE
RIS K e
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Fig. 2. Effect of motion probing gradient (MPG) on MR signal

Transverse single shot spin-echo echo-planar (EP) images without (a)
and with (b) MPGs (b=1000 s/mm?) demonstrate signal intensity loss
by diffusion of water molecules.

BOKE STERBBEOMS, RS % H N
T AR, O DOMEARESINOMREIC & - T
PEINS bvalue (bfli, s/mm?2) H5\W\iT
b factor (b [R¥) TFxhn 52 (Fig. 1). #i#k
DEEDIL VLG EOESHEE So, S b D
MPG HIInEDIE BiREA S L4 % L kDX
E X R TINEERE D & ORICIZ FR OB R
5D,

S:So-exp (_bD) ........................ (1)

IEME 72 IR D OFH IO 72T W< D
DI D b EOFHRE T TEMO S Z3Hl$ 5
DB B, EEIKOE Tk MPG HIbngitk 2
BEIOBERER P HRDOOEND T EHPE .
BRI B OEIRFICA S/ W—EDF) & %
L T 5 e OB R I <0 B & P O I 7 &
OWUNER S, B2 3EMIME 1R 7 L%
FBHEFICETL TODLEAERET, BB R7
WHALORIE TR ES VX AL 5
LUIEBGTHIRFICE SR TICEH S L TL 5720,
SIS N7 HE B AR BUS MR 2 BB A OB &
HEBEH ATV D &0 D BRTANP T OILHR
¥ (apparent diffusion coefficient: ADC) & I

ENY ZOHEAMIZEE mm2/s HPHVLNS.

BT ORTLPRT OIS VX LAGIEAVTR
DI EDOE & % b G AL DK E ST HALREREY
72D ORI AYERL TS T, EBM
MAEADIMHL % & O INERU H R B &
ThH 572 400s/mm? L FO b EEHRET 5
CETINGIBUSNOBERICLAEFETD
WEEPF LD ENAEREEZEZ LN TN AY.

Stejskal & Tanner % FIfF U 72 L #%EHAIT
SIREIC L 58D > H MPG #HInL 72751
IZ AT 7 B D A LA 3 (dephasing) 1
FDLEFETICHELEL TS, BMEEICK\WT
13 MPG %\ < DD RIe 5 7RIS 0 TRHE
T % &, MPGHIINOGRICKAEL 72E 5 KT
NEICHENTHZE XS (Fig. 3a~c). &
NI EERNOF Z AL RER e & D L S 7 #HAIIE
LEFL 7e—FDTj it w A 3 AR5, F
11751 & BE 77 1A CIRBRO K & SBRE 5
CEICERNYT S EE 2 LR B LT
SO0 IR L TERTOHE TR DK
X INRFE L THAER & 7o \WE & SR
[ QL T

81



HEEREE 55264 2 5 (2006)

Fig. 3. Anisotropy in the brain and calculation of isotropic diffusion-
weighted (DW) image to remove the anisotropic effects.

The regional variation of signal intensity loss in brain tissue is shown in
DW images with the MPGs applied in the three orthogonal directions, x
(right-to-left) (a), y (superior-to-inferior) (b), and z (anterior-to-poste-
rior) (c). When the MPG is applied in the x direction, the signal inten-
sity of the corpus callosum splenium decreases because water molec-
ules may be able to move easily in the parallel direction to the fiber bun-
dles than in the perpendicular to the bundles. This kind of diffusion
process is termed “anisotropic”’. The isotropic DW image (d) is generat-
ed by calculating the cube root of the signal intensities of the three im-
ages (a, b, and ¢) multiplied together. The isotropic DW image is related
only to the magnitude of the ADC and does not include information of
anisotropy.

MR $E AL &

— A MPG zHIIn L TS 7z i B 4 gk
FOPLHERHAE G LT 5. C OEGIIKSFIR
HPHIR SN TOLRER Y TRfE s 22T 5
2%, AREC MPG JANCHAE L CRFTORE 55
FEMREL D, B ORI DR B 2T TR A L

82

MChEETERTHEN DS (Fig. 3a~c).
Z 2T, BEIIERZT S 3 HHIC MPG ZHIn
LTHELNC3BEOEGEH TGO D
HZ D 3FERAFHE L RS HIRE O M2 % Pk
Brl 7-% 771 (isotropic) IAHCRFHEG A & B
xn %8 (Fig. 3d).
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FAL 72 b DO TED 5 PIEAFNTIFERALORE
EEBEREL TELALLDTHLHDT Tofk
MO L RRFICKBL TW5. ZOREE, L
BRI R TR 2R IR EOPITITIRER A
IR S T WG R IRE R A L
TWABEAETH T RO R & ik L 7 /5%
EBfETEET 5550 bNT WA (T2 shine-
through effect) 910,

T ERMOFE L R IO EDO ZZ]Y
W TRO—>2 & LT, EHMEINBeRRHm G
MPG ZHIn L 7\ i3 R U S CTRi& L 72
BT 7T LI L T 5N % exponen-
tial image (exponential E ) &IETN 5FER
BERREINTWAY (Fig. 4). Exponential
H {5 TIHIREA IR ST B85 13 i I
RINs.

Fig. 4. T2-weighted image and Diffusion maps in a 66-year-old woman

with aphasia 6 days before imaging

An infarction lesion in the left frontal lobe is shown as a hyperintensity
area on T2-weighted image (a), on isotropic DW image (b), and on ex-
ponential image (c), and as a hypointensity area on ADC map (d). Both
T2 effect and diffusion effect contribute to the signal intensity of the
isotropic DW image. To obtain the exponential image without the T2
effect, the isotropic DW image is divided by the T2-weighted image. The
pixel value of ADC map can be calculated by dividing the logarithm of
the pixel value of the exponential image by —b.
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IHICE 72T IR Db D EET
HLERRT HIEBOREGTHE WG (ADC map)
LIER N5 (Fig. 4). —FANC MPG %A
md s ETHELNS ADC I MPG O
MK L BRAMORE ST 5. £ THH
IR LI\ RFT OB DK & S h T 48EE &
L CFRTEIN S &)L T OILEREL
(isotropic ADC: iADC) »itHE ah 5. Mean
diffusivity (MD) & &1 3N 5.

iADC=1/3(ADCx+ADCy+ADCz) - (2)

C 113 exponential image OV’ 7 Y IUED XL
b ) —b Thd 2 & TELSIHEONAINED
HEOARTNBL TV S TERENGTERG T,
7 Y IAECH % IADCHZ D b DITRHEG L 7227
V=27 =g D K ToHR, IEEOFIR I
TV AR TEMEE L 70 5.

—EDEERBL T I N O F & O THLERE
e L THB SN TV AR, ZHOBRICENZ
NOBEGEA 2 KL TSI+ EEZ A
SBEND S . I T2 EMOFE L&A T
Lip YD pICHERL, LEREEE T
B & Of TR 5.

LA EGIREDRE

2V T a—Ew I ART Stejskal & Tanner
DIEFHES: & A G D 7oK FIREGH T
&, IEGHUORFENZ In 2 E Fie Al D #5512
AT HIRGEORERRE L 7o mBS5H0E
FIEIC RSB OWTH S Z L HB%RE
TIREGHINC D73 5. BRESMII enZens
BHEWEBICE D Y &\ trade-off OBIGRICH
HoDLH L, MEBEMOBRLZDORITTH
BLERE L TAMITIG U 7o U7 e 4 IR 4
DN 5.
1. Ta—7 5> —m{REORE

PG AER OB X IC L A B8 LT T
<, KBTI HLAA, RS HOB X, BEH
WIOR| & CF/ S 7edh & THEEA a5
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SR, MPIORKA MR %& % F 7ok
BRI L B2 AV T a—EE TR S h
T/, EERBIEDIRIN L 75 % EEORE %« D
B & OB L /NS K L DB LR EER 2
FEH T 572012, L TIEE < OBERENK
HEREREDO—D>ThH% EPLIEXIH BN
%.

EPI %A L CTIEGET AT O 5B E&, &

LEBITNESEEO—-OIIFWE (FS Bo)
DAY IR TH 5 R T, BAMICITEEE
WIS ORI S, FLoE B R OB
DIRE)— 72885 CHRABST M ANBHE DD 3 A e 4
L% FWBORNE—DEE/NEL T 572D

CI3#Y) 7% shimming #17 21212, 55 IE
T7twﬁ4x%$é<¢%uk%E%W%ﬁ
DOPAL Y A= FEE NS THT ENnMRE
L CGEIRLGA. BiERRGBAT A ZAEETHEL
T 5, $BrEDT 1 EGBICHERRG 5 IEEI
\C 2 E X 8 4 % multi-shot 1L /35 L)L A
A=V 7 EOFAIC L D —EORFEFHARD
LoD OMMHL Y I—F A NS $T5H5T LT
AR LB, Eio, MBS RANOBEBROPH A
HEOHEBIC KR SO %2 5 B CRAHEL YV
A—FHAEEETLHDOLTLRO—DTHS.

—[EDFRAIRD TUNELEFEFINELR 2 DY
V7 a v b EPLEETIH, HREETRE Z#H
A D B TOMERD A BB a—
P a B HRREL ERE 5O T
HEAOZER G FEER BT AICIIRA BB AH.
D fE A TR 5 72912 multi-shot /LI L A7
IVaA—FHROEMBRALNAZ bbb
DS, BWGRFHOMER B OISz, B ICx
3 AlfEgstE b 5 7% B AR AfE
PEER T2 5.

V7V a v b EPLid\VH % snap-shot
AR &\ b B & D ICBELRFRINEE 28 v RE Tl
I LA D A, UL, 2T HE
B OESORHRETFEBEINTIE VS
B8, FITHEINBORITRE G & 5 % 72 DI R — )
BEZET 5 3 HaIC MPG ZFIin L CiRAK



JERERFER O T & Z DERIKHIE S

3@, ADC:HO/-dICiE I HiZ MPG %
FIAN L 72 O E5 % 0 2 TR 4 [R5 %
BB, N OHEBEINE L 2EREICAET
HEETNEIY 7 2L LITfThn A EOR
L7 % (Fig. 5). Snap-shot [N XN % TTH
BIZI U A — X —TOB) =64 At »
Lo, EEOTLHEER ) bEB SN 5E IR
BRI ClE A RIS LB 2§ R CTOER % IN4E
L#EZ A THEELEL ThA0NERBD, &b
T L LB &R AEBEAE VIR TIE eV &
ICHEETRETH 5.

2. bEDFHE & T a—KfE (echo time: TE)
b DK &7 MPG OHIINE Zzh H A3 55

M35t (signal-to-noise ratio: SNR) O T %
B< . KA MR %8 CTIEEIINT & 5 EAHE
BOMSIICRARD O, ERES T N %K
R O DEREGHMMORRERKE<F 52
LTCEDLMEAEERTHANESELS TELR &
ZCHED TR X AREHE FE#E L
3 SNR OIK FIZ 2723 % (Fig. 6). %/z, 3%
EIZL-TiHmBEmEEZ MREEBEOEL T %
XYZ BRI L CHEM S Tl L 7256 7%
ETHREGERE TEREDER T HEE5HRD 5
(Fig. 7). #lzix MR 5807 vV IVERZ: D=
OO T RINE T SNR 2 20 I Fic/ % &
BONARSTEREOEOI L >ENKREL &

Fig. 5. Misregistration by motion

DW images with MPGs applied in the three orthogonal directions, x
(right-to-left) (third row), y (superior-to-inferior) (bottom row), and z
(anterior-to-posterior) (second row), were obtained when the subject
was rotating his head. Each original DW image has no blurring caused by
subject’s motions. The isotropic DW images (top row), however, are
affected by misregistration in adding the three DW images up.
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Fig. 6. High b-value elongates minimum echo-time (TE) and decreases SNR. From left to right,
the b-values, TEs, and SNRs are 600 s/mm?, 83 ms, and 25.6 ; 800 s/mm?, 89 ms, and 14.2 ;
1000 s/mm?, 94 ms, and 8.2 ; 1200 s/mm?, 98.4 ms, and 6.2, respectively (TR, 4000 ms ; matrix,
96 x 96 ; section thickness, 5 mm ; field of view, 22 cm).

Fig. 7. Planning of an angled scan plane may elongate minimum TE.
The minimum TEs of the transverse plane (a) and the angled plane (b)
are 94 ms and 110 ms, respectively (TR, 4000 ms ; matrix, 96 X 96 ;
section thickness, 5 mm ;field of view, 22 cm). Consequently, SNR
decreases from 8.2 to 7.9.

LHLEI3NTEHW, SNRICAkZ L 842 KT
T b EDO BN & GO TE ICIZEE LD
NRETH5A. TEN110ms LD KLk 7
B SNR ~NOFELHRAL, LETHNL
FIZEDEAELS N2 D2 E L COEREE
185 LEDICT 5.

b EDZEMEIC OV T, R(A)THRIN5
EOWCHIEL X5 &9 HIRERE D OMffE
JEDOBTEDSFNIT, MEEDOILERE D 2
103 mm2/s BBETH 5 C &2 BLEEIREH T
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1000 s/mm? FEO b A EIR SN 5H T 1%
<, RREBEBOIHKAT 7V 7r—v a v/ TOF
TV MERCOETH S Z LR % . 600s/
mm?® F2E DT o FH L TOBRKIFERSE D
HD, 800s/mm? EEHNIE MR LT vV
JVEGE ZFIH L TOMRE tracking 12\
THFELMHRERIC OV T AR B RSTHE
ThhHrEE2HLNTWA.

2000 s/mm? L L& b EILHETHRIC DWW T
%, IEEAHIR S N/ORER L EFTEoay
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FIARREY, KEALHEDOI Y S AL
DEWe EOF R OME LB 5112, BlKEA
T to R EsHE LB 5 C ENES TIER
K ZEOH®E, FIMIIEETHSHNE LE 2
%13) 14)

T/, WBRFICEREINS DEIILTL D
FRINIAEE BV ICHIIN TV WEA
HOELOT, HEEZTERITITIEAO standard
DOPE & FIED LIS EDH 5. Fl 2L WE
A % st CHE I 5567 & TIIULAEE 2
bhb.

3. 2265 fRaE

FOREIEEVIRGHE E KEWiREB <
Uy 7 ZAOZFUC LD EH s, Fikod EPI
BB W TERGORE— DR BB BL 3 HF
RDBBHED, NSO R E(E 55
B 256085 2 EPHMLNTWA. FT:,
MR $K# 7 vV OVEIGE 2 FIRE L T O
tracking OBICIE L D/ ET QLJitk) 1
EWIRGBR 7 RV P L ING. K, &K
WG HE L R GETTABA I 5 C & THRE
Rl DRER A 46 130, Bl 7 Loy 4 Zp
INER AT LI SNR DR T A5 & 7.
TUINRZE O pRERK tracking 217 5 5 &
IC@E D RAEDS LB &3, #1213 b fE% 800
BEICT A7 &3 SNR ORERICHEET 5
BWEHBHLH. SNROBE»LAFTHS EFE
26NM5 3T #ELHE L -EmES MR K&

Tld, K VEEE LA XGOS —DKE Y
RS BN G VA A=V TR L
OB RED ST S b AL -8k
BARZLNTENY, ZOREAYAI A
TW5.

4. Eddy current D2

F.75 2 F7RIC MPG A Epn L TS 7z &1 <
V7V EOFHREAT OBRIC, wI)TaRL
WEEEH® 7259 MPG A% E ¢ 5 BT
(eddy current) 3 MPG O HIINF AN A L
TR A 1A OB R DD 2 A % 4 U misregis-
LB HEEG EOTNORKE 5

tration

OTHEBELLETHS. CTORELL TULHNE
MFEAE DD T NMERRES G 2B AR 72 28,
WFELE T2 7 MPG 59 A Vi E b RESN
TW5. 7z, BB CHHEEGRIERETIC
D AFHIE % AT D 16,
5. HEERID

MEREFN DR B % LD B < 72 D 0 R L WFRE
(repetition time: TR) (iM% &4 D T1Kii
I LT ORI ERETHLELD 5.
EPI ik% W7o CIEBEGR R I3#R VR LIy
MIAERATIIBH A0, MUATA A%EDIR
LR 58813 +57 TR OMFICEE T 5
WEDRDAH. BARRICIER L9 % % o
MPG % 7 F CH#t %, multi-shot % #H 4 5,
NG UIWA A=V T RS 570 8 O%
IXF—AF A A& Fhie 4 % [EfE 2 5000~6000
ms P EHERTE TV E 2RSS ALELD
L. ThiE, —BANCIEE AT A ARET S
DICHABREORID TR PLEI/R AT & T
ERINTWDT ER%W

TR R B D HEH I &

IhERFAE R TR S 2 2L ADC DK T4
LRI ORBE Y L T RIVF—EEOHF
1, SMREERE BED LV IHHE-YE
DFFAE, ZEfaZEME (vacuolization) 23 2 Hih
TWARZOFIZOWTIEHoEEINh T
LEFEVES. UL, IEHEERAERIZEIC,
T i i 52> T SRFHER TR T & 7 WA L
TR, OB GE TR S TV AR A
COWTH /A L85, & maHh
DB S T 5750 ¥ ORI X 0 MR E O
W 21T 5 LTI < B EIK OB TR S
NTW5h. DUFICARERRZEBICE L CkBos
FHEEOEHRICOWTOREL T LD 5.

1. 2k AR 2

RAEDOIFAEZL W OBL ) HId, R I
SRFAER COAMM LS AL HFEET S
(Fig. 8), F/-fliO#fRE=> X i CT HE{f T
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a

Fig. 8. 78-year-old woman with left hemiplegia two hours before imaging
CT image (a) and FLAIR image (b) show no abnormality in the right middle cerebral arterial territory where a

infarct with hyperintensity is revealed by DW image (c).

Fig. 9. 76-year-old woman with muscle weakness of the left hand
Te-weighted image (a) shows some high intensity foci in white matter
with diffuse hyperintensity. DW image (b) reveals fresh infarctions with
hyperintensity in the right centrum semiovale.

BATEE Th AREIC OV TH BEML OB E
AT TR ISR A L 7o, FERERAINC
DWTOFERB IS NBIBMRZ IR L 72
PR HEOWIBENE S TH S HNK E I &
Wz % (Fig.9). LaL, COFEZHCE
0 AE RS, BT EEIREE LI L Tl
B RIR D ¥ OWBIRTEOWEIZED L DI
HETHPICOVTE, SHICHSICHESH
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T KRB ERIRTF R AL E L E 2 GNTW 5.
FAE 6 R LI O 2 WIS 1Tl T
PR FE 1T FLAIR {5 X D 78 Bk IS B
NTEOD, X CT @& L 7258 4
B, BRERCEND OFHEBOERD TN
LENTWAB®Y  Lal, $+XTOEMEMN
TR ZE P ILBORAG TR 5 AR L IR b7
W L REBE TN X T (Fig. 10), 43R
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Fig. 10. 72-year-old man with left hemiplegia

FLAIR image (a) obtained 1.5 hour and DW image (b) obtained 3.5 hours after stroke symptom onset show no
abnormal intensity change in the right middle cerebral arterial territory. T2-weighted image (c) obtained on the
third hospital day reveals hyperintensity in the right basal ganglia consistent with infarction.

a b c

Fig. 11. MR images obtained on the sixth hospital day in a 86-year-old woman with left hemiplegia

FLAIR image (a) shows hyperintensity in the right middle cerebral arterial territory consistent with infarction.
DW image (b) shows hyperintensity in the right cerebral peduncle where is corticospinal tract although no abnor-
mal signal is shown on FLAIR image (c).

JEEDIR R OB D LY/ s S\ BEZE R B IR %9,

HEOZFBRHBIROMIETELHL. S6IC, JREGRAE G CREZE O 5 5 SR I IR D%
PRBCEREG CEfE T 2R L AL T L D R (ADCEDOZEAL) & T2 ZROEZTERAD
AL Td B & 3RS F R IEERIC T2 iR im & HFENZEALT B OITHE - TRREIICHER 3 5.
TEfETERT IO R ST VEELD FEREFR 4 WfE 22 & 417 B B ICHRHom i 5 %
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B7-92 AOBFEICE W TH L 2@ ED T
13, FIE 0~63 K812 ADCIE FIC L5 &1
SRR, 3~10 HEE Tk TeRREERIC LS
B 5 MERL, 10~57 H#ETlid T KRS
L5&EE T ADC LFIC L AIKE S K D EAL
57 HE#1E ADC EFIC X A KE 5 BIEBALIC
BrRETRT 5N TWA.

Jid B 9€ % FE9E 6~ 13 H #5812 R E & B 1T

B THRBEREGR CRESYETLBE1H
L EhHE I TCwA (Fig. 11). Thid 3
ERE CHA T 5 —mEO R &E 2 6N T
WHPT =S5 L OBIRL DT OBEF
Fik & OBIGR: K EEIRRIEZRIC OV T O A
mINTWAH2,

VIR 2 BB Tk A IR O BRI D
—DOTH A M EREEIL ZOMIC /5 & H

Fig. 12. 58-year-old man with right hemiparesis, treated by intra-arteri-

al thrombolysis

DW image (a) and MR angiogram (b) obtained three hours after stroke
symptom onset reveals hyperintensity of the left insula and occlusion of
the left middle cerebral artery. Xe-CT perfusion map (c) shows a larger
hypo-perfusion area in the left middle cerebral arterial territory than the
area with hyperintensity on the DW image (i.e. diffusion/perfusion-mis-
match). The hypoperfused area without hyperintensity on the initial DW
image remains normal on six-day follow-up FLAIR image (d) after intra-

arterial thrombolysis.
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MEREA R R CEE LB &k 4
fEke o V), SREGERE (G MR A R O
JSRENED XS ICH G 52O TOEL
FEv. WEOKE &\ D STl KBk
FERIEICRE S & X4 CT EmET R & 2 OFE#H
FIRIERIZE ERE SN T 5. 2ok maH
BUTBRICHIZEIC R D Rl 28 b A 2 LT b
T A PRI FFHENRIC & 0 EE 3 S ATREME O B
LIRS T DG E N L EEZ DN
Tk (Fig. 12), CORGHFIHEE A M O
BGEIC X D BF T 5O MRS IREEDO BT
5. PHERFHEG & EREG D 5\ E O
Myt GEEZ HAGHE A T & T O
T MBI RTEED & S PO PHED BT
D, i, 2UEHINEEREFIST AT 4T Y
VACHERMED < MR B D/ N S W IR R
T % desmoteplase O IR{E ASEE D% 4V
N S 4 A EBRIC B3\ C, inclusion cri-
teria & exclusion criteria @ (T E {4 SEA 2 &
L T MR #:# @ diffusion/perfusion mismatch
7D A7z Desmoteplase in Acute Ischemic
Stroke Trial (DIAS) OfEEMBHE SN/,

COWMEFTERE? S 9 FFRILINICHEE D
Bt S, MR #itr C perfusion/diffusion mis-

match 28 20% LA ECHBE2ecm L O K&k
HIDOK B &% K AALRHEREENFELEL, 6
5 C O R D P KMEN IR D 1/3 LIF
TH 5 7% E R MR BREF R TOBFEHEIG
L Tws. Lal, BFESTIE MR E
(BT AT & % IR T AR OO 1 IS B HE 1 T e 7
NTWBEFVWZTN, SHIBICT57kk
HO L LTI AT E S N ERIRIFIE DD &
Nk ELTWDHA, MEEREEORL S
7o 7o Xk CT BgRG 2 6 1 KRR LIWICIE
BB SN ANERD H C b o @BHICE X,
MR #HIC & » THREMGRA BT 5 2 L5
TWEDITHERTHLENRDS.
2. BT E T 5HRE
S A H LAY T LU T2 omdaE
R CIMEHT & 55 2o 7 ElEgEla(arach-
noid cyst) & ¥iFK 7 %EE (epidermoid cyst)
(Fig. 13) % #&AI4 208, IRBoRME G THE
KEEONEM A EES HnTTAREHTH
5B ELMBENTWS. SRR G T
BErRd 5EED 5 VI E & L g
Wil a2 (Figs. 14, 15). AT L iR
RIEERED R 2 B9 HIERE MR I I\ TS
DOWF P ILEERRER CEE 52 Rd C & bl

Fig. 13. Epidermoid cyst, 26-year-old woman with dizziness
Te-weighted image (a) shows a cystic lesion with isointensity to CSF in
the prepontine cistern. DW image (b) shows the mass is hyperintense.
Surgical resection and histologic study revealed epidermoid tumor.
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a b
Fig. 14. 46-year-old woman with subdural empyema caused by direct
extension of otitis media from the mastoid air cells
Coronal contrast-enhanced T1-weighted image (a) shows a ring-enhanc-
ing lesion on the cerebellar tentorium. DW image (b) shows hyperinten-
sity content in the lesion.

a b

Fig. 15. Ventriculitis with hydrocephalus, 76-year-old man
Contrast-enhanced T1i-weighted image (a) shows ependymal enhance-
ment and hydrocephalus. DW image (b) shows hyperintensity content in
the lateral ventricles. Lumbar puncture yielded pus and revealed ven-
triculitis complicating pyogenic meningitis.

DIEFEIRE & OER D MBI BRI T 7
DO—D L LB EPH 5% (Fig. 16).
3. TEEYEEE

IEHGRRESR CafE 5 A n T IEEEE S L
THEWY VNE, g (Fig. 17), Y+ —=3
/—= (germinoma) (Fig. 18), #lxfE (Fig.
19) b5, INHF X CT MR CTHEE
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Fig. 16. 25-year-old man with a history of combination of surgery,
chemotherapy, and radiotherapy for germ cell tumor in the right basal
ganglia 11 years ago

Sagittal contrast-enhanced T1-weighted image (a) shows a enhancing le-
sion with a cystic component in the right basal ganglia and fontal lobe.
DW image (b) shows hyperintensity content in the cystic structure. A
surgical biopsy revealed pyogenic abscess.

Fig. 17. 11-year-old girl with medulloblastoma in the fourth ventricle
Contrast-enhanced Ti-weighted image (a) shows a tumor with heter-
ogenous enhancement in the fourth ventricle. Leptomeningeal enhance-
ment of the brain stem and cerebellar surface and disseminated lesions in
the frontal base are also shown. DW image (b) shows hyperintensity of
the intraventricular tumor and disseminations.

Noa—RVRYFTABEEINLEEZD B, REPFHEOIEBERAR CEES 2
NTVWLIMEE7OAY T )V -V OTRE 35 &H% < (Fig. 20), FLAIR Hi{% & [F
(Creutzfeldt-Jakob Disease, CJD) TiI A Kk L) FORRETHhH- 72 L EIN WA,
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a b
Fig. 18. 21-year-old man with suprasellar germinoma
Sagittal contrast-enhanced Ti-weighted image (a) shows a mass in the
intra- and supra-sellar region. DW image (b) shows the tumor is marked-
ly hyperintense.

a b

Fig. 19. 60-year-old woman with multiple meningiomas
Contrast-enhanced Ti-weighted image (a) shows multiple enhancing
tumors in the right lateral ventricular trigone, anterior interhemispheric
fissure, and posterior temporal region. The tumors are shown various in-
tensity, from hypo- to marked hyper-intensity on DW image (b).

R MLFERERGE, 0, 25 % 1 O S sl 1 8 LT ENG o TETED, TORBEIIHE
FAL T\ % 8% T, K8, HEERLET DOHIR I I EERME 755 T B 5 alRetE 257
FERE L, HEVAICII AR BHEE R T VB IC T2 0l XN T\ 530,

HEBR TEHESHRETET HHEL T LT
reversible posterior leukoencephalopathy syn-

sH V(S
drome & L THbhTwab. AfEEz6nN sSHYI
TV CNHDOFEPICARA S L OREEN MR JE i {523 7 3L 2 LR IR0 L
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Fig. 20. 74-year-old woman of sporadic Creutzfeldt-Jakob Disease
DW image (a) shows hyperintensity changes in the cerebral cortices
where FLAIR image (b) barely shows the changes.
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Technical Aspect and Clinical Utility of Brain Diffusion-weighted MR Imaging
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Diffusion-weighted (DW) magnetic resonance (MR) imaging provides unique information on the
microstructural and physiological states of brain tissue by enabling the mapping of the diffusivity of
water molecules. The images and map derived from DW MR imaging include a DW image, an
isotropic DW image, an exponential image, and an isotropic apparent diffusion coeflicient (ADC)
map. Increases in T2 can increase signal intensity of lesions on the DW image and the isotropic DW
image because both T2 and diffusion effects contribute to the signal intensity of these images. The
signal intensity of the exponential image is exponentially related to the ADC, and the ADC map
shows the magnitude of the ADC. The signal intensity of these calculated images no longer includes
T2-weighted contrast. Most applications of DW MR imaging implement echo-planar read-out, which
can freeze patient physiologic motions. To acquire high-quality DW images, scan parameters of both
echo-planar and DW imaging must be optimized. Relationships of the parameters and their determi-
nation are discussed, and the clinical role in evaluating brain diseases, especially acute ischemic
stroke, is reviewed briefly.
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