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FL&IC

Radioisotope # W - BE¥ 2 &IT, &
AENITTEREZWI T B - 7B R W O FER I
BEEWSfNERE 720 LS B E &
(magnetic resonance imaging ; MRI) o I #&
FXEW. EHPRERZY PEVWEBE TS
D, ZRLEBROFELTF L, Z2/5-#%EE
DE, EDNSHER 7P OEBRINS
volume data ZHE 452 L A AETHA. E
T OBEERBIEEIC N T Y b5 2 R RAER
&<, AEENEEY LVHBICERTE 5.
L& L EREESENE (nuclear magnetic reso-
nance ; NMR) i, HHIZE S WA VEHT
LR EURBMEOUEZ B L LW
B, BFELAINMRI &ixo cBE T, 70
FIRANDOHESPCPEL T /b H -7, L
L 90 FMRICAD, WBeRFRES (diffusion-
weighted imaging ; DWI) OB 2 Mgz
r~ DA, BOLD (blood oxygenation level
dependent) ZROIFEIRPIMEEZ I~ DI
A (functional MRT), #45RM:HEFH % 4 <
W, RAMIRIC A3 2 BALDEIM T2 & B
WE% KD HHEE (arterial spin labeling) 7
EORBRPALN, BIFBANT PO
P’— (magnetic resonance spectroscopy) #%&
®, MRIMB ORI ~NDINAPER I N T
% . YR B YU O T BRI R R B &%
DR INDDBH HILRBIRICE U CERNF

HiH RS B, RAREBZ Y, &

W R %22,
SRR M RS B AR

H AL
miE R AT

*GE A T 4 ANV AT LB

S GIERIGHIC DWW TN 5.

HLHFROBKRIH

1965 4E1T Stejskal & Tanner IZ & D —%f D
FERES M2 5 2 EICk Y, BMRILBEE T
TRIRL FRE OB RE 2 3k D 5 BB RE S h
7=D. Z D4 1980 ££1%1Z Le Bihan 6 5 k. O
Merboldt 51Z &k - TMRIICEHA X h2)3,
1990 I A - TH B Moseley 51 L - THEE
PEIARBEZEIC 1) BB AR S T,
TV BN ORER &, 2 iR 23
INTE/.

MRI % W/ iEB B S OB I B\ TR
TRERE, AEVOMETHS. VLW
(radiofrequency pulse) DRBHHIZ LY &ALV
OfHITF A\, BHFEWF (free induc-
tion decay) 5 %4 L %. TOWRRET, EH
B ERHEE (motion probing gradient ; MPG)
EMZBE, KA VOS5 EEICHE > T
PRI AHBOKREXIIERLS. BHBOKE
X% Bo, MPG DK & X% G, HIMKE% &,
=20 MPG DIEE D LI E D T CORR %
4, KFERFORSREE: gyromagnetic ratio
zy, —[EBOMPG HIINRHC 3\ CHIInEIC
BolHRACVDOEE FOMEY 21 & T 5
L, YR AY VOB EFEHIT Larmor equa-
tion 7 5

#F—TJ— F magnetic resonance imaging, diffusion-weighted imaging, diffusion tensor
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w=yBo+yG21 .................................... (1)

Ik THREINA. HIINS AERREE
R P IC B 2 BT R L, IR K1
KABERED T D EF 5B L, MPG HIIn
IR D& LA A VOMHBEILDE 61 13K
ROEDWE5.

s
pr1=y S Gzidt=yGaz1 - vvreeeeermmrneesns (2)
0

XL EH OREE MPG I & A AHEZEAL ¢2
i

A+5
do=—y S Gzedt=—yGdzz ~woorereeee (3)

4

TH Y, EROAMAZ(L
GetPr=yGS (Z2—21) +wrrrrrreeree e (4)

Linh. BIELICAY VTl =2 TH 57
Dt I ELD, BT I—BFET
5. FRRIC—ERE T—EHRICER ¢ 5 AY
VEEEZB L, FACVIZEBW T gzt i
—SEME & 7% D RS A VIREERT 5. &
CADBRAME R/ WS VA AEBIE AT
BHAV VT, KEEMPG Zinz 554, ¢potd
FEACVTRELER LD, RIS EL,
BHINALI—BEHERIELTS. ZOX
SIS VA LB E w2 AEENCIE, TS5
VEBD X O s iigk (Fig. 1a) LISHC,
Fllll ML P O MR- R I 75 & O (perfu-
sion) & ENn 5 (Fig. 1b). EHRBELIIME:
HRBIC R TERENE Y, b b Es
WEL, Hind 5 MPG #H5BEL EAEL
TN, ERASICHETSE5IHEEL, #
BB DA EER T NIE LW Eickb.
N6 OEF % £ & » T intravoxel incoherent
motion ¥ M-(F, MRI CHlE XN 5IEREIC
R e IR LA ORF S BS54 A7zic, C

Fig. 1.

a : Trajectory of the diffusing spins

Molecules in a voxel display a microscopic ran-
dom translational motion, the so-called Browni-
an motion. This phenomenon is responsible for
molecular diffusion.

b : Intravoxel incoherent motion
Microcirculation of blood in the capillary net-
work is likely to a random translational motion
because there are no preferred orientations as
far as sufficient volume element is concerned.
It is referred to as an intravoxel incoherent mo-
tion.

200046 B 2 HZH

PURIEERSE  FT113-86556 HRHSURKAM 7-3-1 HEKFEFMINERBTISTHA i €
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AR

OBABIL B AT OB RS (apparent diffu-
sion coefficient ; ADC) (RN 5.

Fick M %8

Fig. 20D L5 1T 2DRELWBEA LB D
—KILDIEHIZOWTHE 2 S, ETWHEAIT
x=—1,m6x=1, WEHBIIx=—0co~1, 1~
+ oo llHET S LT A, WEOENCH SR
TEREANCE O B We B s, ZOoOWEIRIL
B, 2% VYEALOERT L BE) Oz D
7o, EREPH—TTHRICR5ETRIUD &
5. ZITx Ex+HAdxOBIOBIZERL, %
BABIUBOREZZNEN Ca Cs LT 5.

X ICH 5 FPHE A @B T HYE A OILER Jald,
BATRERNIC x OIETT |~ % O O B AL K

TRBOLAGTOERDOHTHSH. ChiTxI
B 5 A OBEEAE 0Ca/ox IZHMIT 5.
aC
JAz_D_A .................................... (5)
0x

HAIERE D b8 tR# (diffusion coefficient)
TH, (6)FRid Fick OILBEE—ER &\ 5.
WIT Fig. 2 1B W Tx & x+dx OREDOFEE
CB\WTHWHE A OB 0Ca/ot 13, T O
KWRATAAGFE, BT AGTFEDE
BEE (CCTH—RILOEEHTH A5 dx
L7 %) TEISIZHLDIZELY. bbb,

aCa 1

= [Ja(x) —Ja(x4dx)] eeeeereeeees (6)

#20% 6 5 (2000)

Z T dx B nid,

e L ) —Ja )]
ox dx

EERLDT, (5), 6), (DALY
aCa aJa 9 aCa 92Ca
i <a—> —5;<D 3{) —D(32;>

LEIND. ORI Fick DIEBE S
HWVIIEECAERA LIS, T

—x2

— -1/2 =
C=at™"?exp < 4Dt>

w525k, OXP@)RAEMITLITA
WThs. WEOREP—EMECoThsI &
ZER TN,

Cozj C dxzaS t 2 exp

() @
at) &

=at‘1/25 exp

D
=mﬂﬂ¢ﬁir<% (I rBI%0
=2a+/7D

Lo T,
I — "
V4nDt 4Dt

YWBE A x ORLBICHFET SR T p(x) T

-1

0

+1

Fig. 2. A simplified model in one dimensional diffusion
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IEERFEEG L TV Y

FHT,

()= C 1 (—X2>
PR = = VDt P \ 4Dt
F b BB OB A A R B b
B %

B t BRI AR L e R TR B X2

BRO X SIKERSINS.

Q:Sm R2D(R) AR cvveervreenneeeees (12)
ADXERALTGHET 2 &
2=t o (13)

EWSHRETA VY 2 ZA VORBKRD LN
5.

ETN- b |

B2 5 W TFHO BB MERERAEIC I\ T
2T ‘/ﬁ]@%ﬂﬂﬂ@ﬁﬁvﬁﬁ?@ﬁ:@%ﬁ?ﬂﬁﬁﬁ‘ 5

WIZ, HEREDOETICEELTTROKSF
DPEELE, AT R OIBIC N THET 3
B9, KBEWEHD X S ICERTCHICT N TDH
RIC IR 5 KR8 % 7RI HL B isotrop-
ic diffusion, FBEMRMED X 5 ICIBUC—FDH
[ A B A IR AR & B HEHEEL anisotropic diffu-
sion &5, BIFEERIRA MRI &1\ T
franTwsb DWILik, MPG % —H8lic D &H]
MLTHBHDONREL, ZTOBEEATE B
B3 MPG #m 2 7= MO ATH Y, ERELRHA
BEMALICRAT S THE. HEHREDOLSIC
BHEFEEZ LOE O, R—DORNFWET
T6, MRIZE~OBEETmCBEIC XD
ADCOEN RV, MEBEOBERESET
L, HEWREE 7% (Fig. 3b).

BHED XD IC—KRTDOEXROIHE, K&
DAEEERINEEL, TOYEBIANT—
EFEENA. FloREIIEMATTREEEET S
PEETRY FIVEMETNhE. LaL, KEER

ZIIERTHCE LTV AEDICAN ST —FB L
U7 FIVTCER S 5 Z LI TER. WER
MIt=0 IR SICHEET 2WED, T A5H
IRt - CTHRER T 570 61, ToOWEITRREt I
BWTC, HBAKIC X > TREINAEBAICHERE
+5C SITEBICEFE TS (Fig. 3a). &
NIRRT RO TV VTR S
LRRRETHSH. Tihbb

Dixx ny Dox
1_)2 ny Dyy Dyz
Dux Dyz Dz

RSB AD =, BAEEZHEL, HY A
DARICHE > THRECS HWEICK L CER TN
BT nid

—rT™D-1r

1
prit)= |1‘)\<4m>3exp< it

)-as)

TEITERTES. I Cr TEEEESR
(Zo%4E MRLEGEIx, v, z8h) BT 5
BERICHTAWEDOERTHA. t=0D L &
=(0,0,0), BtV Tikr=x,v,2) &
T5. FFEtICNT, FLVWHREEZRT
FERERE A RO A 72T, RIC

—rT]_)—lr_ 1

4 4

R e

(DyyDzz—Dyz2) x2+ (DxxDzz— Dxo?)
+ (DxxDyy —Dxy?) 224 2 (Dy:Dxz— DxyDz) Xy
+2 (DxyDxz—DxDy2) yz
+ 2 (DxyDyz— DxzDyy) zx

=Dt e (16)

RS EMNTES. RAG) IFBHAKEEL
THYVEBNEHES M E—F T 5% (Fig
3a). RO KK BWTERSINAEHEOE
fh, I 7bh bR T S| &, FhiC
B3t AEMmE MR 5 > OB 1 23k
B vV VOE#Eh (principal axis) &5
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CNiE MRI &R &N L —F L. K
BV IVOEEX, Y, 2 Bl L OEBT A
DIHEOKREIRFERIIVIVICE D EL-TE
0, apriorilIl RDH B LETEZW. L
BoT, BT VY NERDAICIE xy-2 %D
i b CHE LN T VY IVOEERE Xy
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Fig. 3.

a : Ellipsoid representation of the diffusion tensor
An ellipsoid can be seen as the probabilistic location
of molecules at t=t, after diffusion from the origin
of axes starting at t=0. Each principal axes (X', v,
z') are represented by eigenvectors of the tensor
matrices. Apparent diffusion properties of water
molecules in three principal axes are given by eigen-
values, A1, A2, A3. The radii of the diffusion ellipsoid
along these principal axes are +v2i1-t, v2l2-t,
v2A3-t.

b : Ellipsoid representation of the diffusion tensor
The laboratory frame of the MRI system does not
usually coincide with the principal axes of the diffu-
sion tensor. The apparent diffusion tensor matrices
are indispensable for determination of the eigenvec-
tors and eigenvalues in each voxel.

¢ : A 14-sided regular polyhedron used to represent
the diffusion gradient directions

The gradient vectors and their reflections through
the origin of coordinates pass through the vertices
of this polyhedron. The noncollinear six gradient
vectors consist of three pairs of orthogonal vectors
parallel to the laboratory frame.

Z RNBWT L BPNELRS. EOEHK
OXRITFNIEABERO=>ORIC & - TiE
XNAEHEMAL A2, s T b, BEEELELZT
WCEREER x-yz REEET A LICLD,
EEEES AR & T AR ATIICERT 5 C
EBRTES. SHICHALINIT VY IV



PREGRTER L TV

DOHEAZEERE# -y R, FxOEAMEICKH
THEENRT FIVTEINS. TOFEETHW
% ERBLEINIRE T Y VT AD)R2 B

A0 0
D=| 020
0 0 As

Ly, Fic(14), ANKXe 5 &, (16)
RFRDOESICEEHE2ONS.

X’ 2 y’ 2 Z, 2

(¢2m> * (mut) * <¢2/13t> -
D BLTUA) X2 B LS ITiHE TV
VIVOEE EIREFEFE O B EEEEY
AWTRDONS T TFHEHIC—FKT 5.
—HRAIC B BICISEC T A B LT, —x)
OMPGIZLVALAEEFRERIKRANICED &
z26hAD.

in(5) =+, [] 8@
D- [SZmdt"]dt

CCTSBLUSE, ThENMPG #EIM
LEBEE LEVWBAOEERETHY,
G(t") B—BH L EARBEN TH 5. 2T
G AEBNLEREER L, WERZ L
HETABEREATVWE L, XBIOARICKE
X Gx OEMBBEEIM L L5 &,

w7 o= ([ ouae.0.0)

1--(18)

(Gst', 0,0) 0<t<o
(G4, 0, 0) o<t<4
(Gxo—Gx(t'—4),0,0) A<t<4+é

L7zh- T,

Jerac]s e

DixGxPt'? 0<t<o
=| DxG:26? o<t<4
DuG202(02—20(t' —A4) + (t' —4)?)

A<t<4+o

INneheANRERDS &
A i) [ swracln

- ZDxx 283
By Gx*6

= PDxG62(4—38) o<t<4

0<t<o

—yszxGx253 A<t<Aa+0

3

0
b:ﬂ@gy<A_§> ........................... (21)

& T (A9

EWSRAMOER B, TNENDOEBRE
DR A RERRC, b EABEIC & - Th gk
D757 EFIE, HEID D DERFRE
5.

BT VY IVIE 6 EORME I B30, &
& 6 O TR ORL 5 MPG ZHIInd 1,
BT VY VOEBERERDLZENRTES.
Bl ziE (Gy, Gy, G)=(0,0,0), (G, G, 0), (G,
0, G), (0, G, @, (=G, G, 0), (0, G, —G),
(=G, 0,G) &5 7 EEOIBERMRER * i
BL, QORCEWEERLIETNIT L.
CHIT 4 EEOESAOMNBEZHIET A L 0D
k2T, REMCERTLZENTES (Fig.
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30)9. LB T, MPG OIS A& B X
+hid, J0M»PRSEEEOBESERDLI L
BTE, ROONAIEET VYV IVOBEKEZR
E¥3D.

EEOERICKE\WT MRI THIEI N A LR
7 VIVOIET VY IV ERD TS, TNEHE
B 5 WVIBEMICE I 0 NIERHE T A 2 &
BTERWV. TOFEE L TCKRIZENS FL—
A (trace) & fractional anisotropy (FA) %
5. BEFFEE LF5EEHTVYNVD O
EH R

a—Dx —Dxy —D=x
—Dxy a—Dyy —Dyz
—Dzx —Dyz @Dz

= (a— A1) (a—A2) (a—A3)

loE—D|=

TEINE. 2 TaDFERICERTS &

Ii=Dxx+Dyy+Dz
=A1+A2+ A3

Dxx Dxy Dy Dy
Dxy Dyy Dyz Dz
=A1A2+A243+A3A1

Dxx Dxy Dz
Is=| Dxy Dyy Dyz
Dz Dyz Dz
=A14243

DZZ DZX
DZX DXX

L=

EWHBIRKAEPNS (Fig. da~c). IhELT
VYV D 2, MRIEBOBEEESR EXNRY
EOMNBRERICEGINAETHHDICH L
(Fig. 3a,b), BEHEMEB LU ZNL» HERN
HAKEE (tensor invariant I, Iz, Is) (3EHE
HOMETHY, BEEERIKEFLEVETDH
5. W&, MRI OHGEE#xEh (B 5 Wit
y, z ) OAKICMPG #HIIL/BE, Boh
AADCI(22)RX &) Dx (BHWEZhZEh
Dy, Duz O &) TERINBD, ThEZhzEL
EbEnE, TEEL 2D, BEEEIC L
i\ HE, TabbittRE % (diffusion
anisotropy) ZKHEL7EVWEERE-DIC,
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KEMPV—ZEGRELTHAINh2OH S
(Fig. 4d). BER V7% LR D 3 HHEIK
MPG #HIpn L7z nid b U—Ridkd b
W2, MPG OFIMERLERT A LickD—
BOAF % /T U—AEBRERD 5 FHERH
HEINTW58. MPG EInOEREIZIR A X <
(KEx b EOEBPAIRE), MBOARH—M
WA y FRABBH DD, IKBEGHEDE
BAF LN WD —RILT AITIEE > T
QAN

BN OB I A ENIRBE S
MaBiR L, MiladEii#E (cytotoxic edema)
B U TOW B DA ZEERIL T A7 DIC R
WEPER L7 P U —2AEBREAWS. T
EESE RIS 5 T, AHERR R
fEoFH itk # B+ % (tractography) 97z &,
BT VYV VI BRICIE U TS 5 2 &R
WRECH 5. COBRS LY EE(LT HH5E
D—-DIZ fractional anisotropy (FA) 233510,

CNFEHEIEDP b ENZTFnTCnbn%
FREAL L7z & DT, 1LY tensor invariant T
FRTHIEBAEETH S (Fig. 4e). ELK
EFHHEOBEITIE i=le=23=11/3, FA=0 &
5. EIFRERMEOTT M OB F NICEE
T RO AT, TR EVEEITH,
M=I>As, A3, FA=1 bin 5.

DWI D E &

DWI i T2 8RB O/ OV ZAR_F % v 57
DIT, TOMPRICTERPLETHS. BF
ADCAEWHEICIE DWI TREFSHET T
520, b TWICEWT{EESTERT
b, ADC A@|< T +aEErHflah
¥, BmEFLLTHHEESNAB &1 5 (T:



IREGEREGR LTV

shine through)V. L7 - T, DWI O #
KEL TR &y WL 22 R T 5 0E
BHO, BICEHEZIEEEEMS/2DICE
ADC #H 45 EMEE L.

LD —DDEBRE LTT VY IVIEITIC T
% partial volume O 233 5. MRI T3
BERiE—A— AT ELT 5 Z LT

Fig. 4. Diffusion tensor images’in a
35-year-old healthy man

a: A1 map

The original images are acquired
with diffusion-weighted echo planar
imaging (TR/TE=5000/102 ms,
b=500 s/mm?/per axis, 4 acquisi-
tions). The motion probing gra-
dients are applied along 6 noncol-
linear directions: (Gx, Gy, Gz)
=[(0,0,0), (1,0, 1), (—1,0, 1),
0,1,1),(0,1,—1), (1,1,0), (-1,
1,0)1.

b : A2 map

c: A3 map

Structures whose diffusion proper-
ties are isotropic should exhibit the
similar signal intensity in the three
eigenvalue-images, while structures
with anisotropic diffusion should dis-
close some kinds of difference in sig-
nal intensity. If the two eigenvalues
perpendicular to the white matter
tracts were the same, it would be ex-
pected that the signal intensity in
the A2 map and A3 map be the same.
For most white matter regions,
however, this condition is not
satisfied.

d : Trace image

Fig. 4a—d are displayed in the same
window display setting.

e : Fractional anisotropy (FA) index
image

This image clearly shows anisotrop-
ic white matter as hyperintense and
isotropic CSF and gray matter as
hypointense. Higher hyperintensity
is noted in the corpus callosum and
pyramidal tract where the fiber
orientation is more coherent.

O, BRITE AR VR RR S = HRL
LOREREDEENLTEELDSH. TNT
NOEBEHMEIC 151 5 compartment I OWE
TRPIFFICE DD 50k WEEICE D
L EofEHEOR E LTHREBSNSD. 0
BEWCEER L U HEDOERZRDHE D
BELHFECTRATSTH Y, BICH»WER
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F—ABNEL A, O XS R i ER
W3R E - 72id» D TH Y, BRRNERITEE
METIE KRB TH B A, Bl D tractography
DLW T EIEZFES 5 L AT
INhA.

RS A

LT A v T a2 — (spin echo) ¥% JGiIC
L7z DWIL BBV TWe2, CSF o<
Btk bulk motion = & V) STt 2 5 B
B LIRS T o7z, BIRICEBWT
LEEMEAZTER L, DWIEE OBEEBERY
=4 4 7-91213, echo planar imaging (EPI)
DEABLERRRTH -7 (Figs. 4,5). H
& DWIICIIRR « ERIGCADBRA BN, 7np»
KHBARMEED L >, BEEZRE
T5ETARRROBEE S LTHILINTWA

DTEHVFETSH. OHETERENLRBINC
DWI OISR 2383 5.

IAEZE 45 & UV H i

BERROEZE CIX R & D AR A5
TL, KIFEEMET 5T EBMb5NTw
B, TOBFELTEZLN TSI LTI
(1)7°V) 7 3 T UMM 551 5 MIRaE D A 4
VIRV TEREEOETICL D, K& SE
L, H#ER ADC DARWHBEPIZ KR L 2
bh5, (iRENORUINE OEERREES, fbo
MRENREORER FIC X5, MaPIEsTEED
57, RIS EOREER SR ARDBE I ¥
ThAHDW. 5y PR RMEIREEETTIVIC
BW LR 10 52 5 ADC DE T 38
WTEHIEHRBREINTEY, FERxD
7o 72 B THIRMERH 30 5 <, DWI Tit

spin echo

Rm” |

Gslice

180°
90°
SE- EPI ‘bnd’

constant phase encoding

or

——

A AA AL LA AL A AL

blipped phase encoding

Greadout

Gdiff

Fig. 5. Timing chart of the diffusion-weighted echo planar imaging
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BEEHEKE LT, ADCmap CIHEFEE L
TG 2 T EHBTRETH - 7= (Fig. 6a, b).

B ERD X 5 InBEEO D I B —Ir B ILE
FERITY, EEREITCIIEEICH - 7oKk
BB LU, AIRIMTRORE BEOF
W7 12 X - Cvariation 8FEFE L, —BICH
FEM DB DIEFAME T2 EREATV. —
BRI ERER, 24 K15 4 BREE
FCRMBESREEAET L2250, ADC
HET 5. FEE BRI DEE TR
(vasogenic edema) 234 U, MfafEO & B
DT LRI E O KB SN 5 7281

ADC {3 baseline B & ¢ EH 9 % (pseudo-
normalization)'®. MEMIFESPET TSI &
ik, TWIICRT AEEREX EATHD
T, DWI & T:WI 25 2ic kD, &

L e

Fig. 6. MR imaging in a rat with left MCA
occlusion acquired about 30 minutes after
onset of ischemia at 7 tesla

a : Diffusion-weighted spin-echo images
(TR/TE=1500/40 ms, b=1900 s/mm?)
The left MCA territory exhibits inhomoge-
neous hyperintensity.

b : ADC map

The diffusion property in the left cerebral
hemisphere is decreased due to cytotoxic
edema.

¢ : Te-weighted spin-echo image (TR/TE=
1500/40 ms)

Slight hypointensity is observed in the
affected area due to susceptibility effect in-
duced by elevated concentration of deoxy-
hemoglobin.

EREPOLOFBRMEHEST AL TE
B, ElomBBEICHRET A TWI TOIRER
HEfE 52 (unidentified bright object) @
BT ER L, FARKTLCWA7-0, &
FNCIREBE D LT ARRERE L 45 2 25
TEETH 510,

B MR DOZWNC B\ W CEEZ O, EE
A HE7: $EIR ¢ 7% b ischemic penumbra % 8
B L, BENTRFEER XL, meE
BHRBEEEICREINSABERO N AEE
(interventional therapy) OMEIG & 75 D,
BRERICIET 50D ERETHI L THA.
DWI @ & Tid penumbra 2 #{8#E 4 % I i34+
5THY, EREE (perfusion imaging ; PI)
EDMBEDRIC L > THEI I NS Z L PBHE
fECIIEER s T 5. Tbb, B
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Fig. 7. Superior sagittal sinus thrombosis

a: Ti-weighted spin echo image (TR/TE=520/12 ms)

Hemorrhagic infarct is seen in the right frontal lobe, not confined to the
territory of a single artery or to the watershed zone.

b : Tz-weighted fast spin echo image (TR/TE=3200/105 ms)
Hyperintense area is pervaded, surrounding hypointense rim of the
hemorrhagic core, corresponding to the interstitial edema or venous in-
farct.

¢ : ADC map

ADC map delineates attenuated diffusion properties in the right frontal
hemorrhagic lesion, and the surrounding area corresponding to hyperin-
tensity on Tz-weighted image revealed accentuated diffusivity, presuma-
bly caused by interstitial edema.

d : Te-weighted fast spin echo image (TR/TE=23200/105 ms) obtained
about 2 months later.

Hyperintense area almost disappeared after thrombolytic therapy, but
superior sagittal sinus thrombosis is still present (arrow).

H O ischemic core O L 2 IC/R A HIHE 52
IZffa > TWARZE T, PI CTiRIMFEOET A
#BHEIzh, DWI CHBEES L L THE SR,

ADCIHET LC\W5A. BMEDELRZ XiC
HFHET A L% 2 b 5 penumbra TiF, PI T
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IRERRER & 7L

FIVOBBNC B\ T b MBARG 2 59 30 5
I TeWLIC B 2B 5MEMET LT
(Fig. 6¢). A LB 65 94T, F~
12 7.05T L BEMBETHY, ERETICES
deoxyhemoglobin DX EH A+ 5D
CHEL Wz s, BRICEWTHNLN
BEEEL 1.5T LFAERTH O, EEC suscep-
tibility effect 9 5 & L 1L, T NICBURE
Vb AEPIEEZ L TLTLHETH A
7, 5% 3T Ll EOEENBKICES L-5E
T2*WI 2 & 5 penumbra O &Rk 23 ] BRI 72
Hhpd Liigo.

FAEIC — @M £/ (transient global am-
nesia)l® %, ¥ @ K K ¥ E (atypical mi-
graine)® , ¥ iE ¥ #M 4] (spreading depres-
sion) V7 KT\ T DWIL Ik A5 5ZL
AMEINTEY, ThLORBICKIT A4

Fig. 8. Acute hemorrhagic infarct
in the right MCA territory.

a: Ti-weighted spin echo image
(TR/TE=600/10 ms)

This image reveals hypointensity
and cortical thickening in the right
fronto-temporal lobe. The hypoin-
tensity is also disclosed in the right
basal ganglia, but hemorrhagic
change is unable to detect.

b : T2-weighted echo planar image
(TR/TE=5000/102 ms)

Since this image shows hyperinten-
sity and cortical thickening in the
right fronto-temporal lobe, the le-
sion is diagnosed as acute infarct.
On the other hand, marked hypoin-
tensity is noted in the right basal
ganglia, due to deoxyhemoglobin-in-
duced susceptibility effect in acute
hemorrhagic change.

¢ : Diffusion-weighted echo planar
image (TR/TE=5000/102 ms, b=
1000 s/mm?)

DWI delineates inhomogeneous
hyperintensity in the right fronto-
temporal lobe, resulting from cyto-
toxic edema in acute infarct.

FHEFBEOFESHERIN TS,

HIRIAMERSE (sinus thrombosis) T3 &k
O » OEEFE, FICEBIRELAEEKL,
BN ITEEN L ETT 5. T:WLHICEWT
IEEEE S FEOVWThAEEEREL LT
FHINADICENRETH 55, DWIT
FHERAENFEOL UTWAREE &, IRED
ERLTCAHBEEEE ZXHT A5 ERAT
&, BEASORBICEE R EE TR/ -FTOT
Fnwh e FREIN T2, Hx LAEH K
T: #EE R LU ADC LR 2R LRED,
P X DITITEWH A LR meiEfEs (Fig.
7a~d) #&EBL W5, —F, ADCOLER
L7845 KT L7oiis diaRBIcEE LT
LAVIEGI LR LTk, EinsatrEd
5 EEpn52,

AR IR D2 HRIC B\ Tk & # L myelination
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Fig. 9. Epidermoid in the right cer-
ebellopontine angle cistern, histolog-
ically proven.

a: Te-weighted fast spin echo im-
age (TR/TE=3500/96 ms)

The inhomogeneous mass is seen in
the right cerebellopontine angle,
compressing the brain stem and
right middle cerebral peduncle to
the postero-medial aspect.

b : Diffusion-weighted echo planar
image (TR/TE=/123ms, b=
1000 s/mm?)

The mass is observed as a quite
hyperintense lesion because of its
viscous nature.

c : Diffusion-weighted echo planar
c image (TR/TE=/123ms, b=
1000 s/mm?) acquired after resec-
tion of the mass.

DWI does not delineate any residual
hyperintense mass in the right cere-
bellopontine angle.

s e e e

Fig. 10. Probable arachnoid cyst in the frontal base

a : Te-weighted fast spin echo image (TR/TE=4500/95 ms)

The homogeneously hyperintense mass is seen in the frontal in-
terhemispheric fissure. The surrounding brain parenchyma is com-
pressed laterally, but the signal intensities of gray and white matter
remain normal.

b : Diffusion-weighted single-shot fast spin echo image (TR/TE=5000/
102 ms, b=1000 s/mm?)

The mass is observed as a hypointense lesion because of its highly
diffusible nature.
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TERHELIEEEEZRT. JOORERIC
B % RIMAERE BB LIC S WATERER D 5
75, DWI CIIEBBEDET LB MERE &,
EE»PBHWEL LAKELINEEYF T 59
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2 AR P S 2 W7 D gold standard (X B AE
T4 CT ThAD, HOBFELEWES, B
I B R D FT A M RFAINIC 13 MRT O 28 N EE
LA, SMERE B O therapeutic win-
dow ZESN Tk Y, CT B LU MRI Oi#
#75 X 013 &b 6 H—20 modality TN
TOBEFRBPBONDICHB LA 1T\ (one
stop shopping) . FEALERZEALIC i 7 EPL ik
FHWAZ XICLYD, MRI TRRZNMBATEET

Fig. 11. Glioblastoma multiforme
involving the extensive supratentori-
al structure

a : Te-weighted fast spin echo im-
age (TR/TE=3200/105 ms)

The inhomogeneous hyperintense
lesions are seen in the bilateral fron-
tal lobes and the genu of the corpus
callosum with effacement of the
adjacent cortical sulci, suggesting
high-grade glioma. The marked
hyperintense lesion exists in the
medial aspect of the right frontal
lobe. Since this patient had a fever
more than 38°C after admission into
our hospital, brain abscess should
be included in the clinical diagnosis.
b : Ti-weighted spin echo image
with contrast enhancement (TR/
TE=520/12 ms)

One ring-enhanced lesion and smal-
ler two nodules are revealed in the
medial aspect of the right frontal
lobe.

¢ : Diffusion-weighted echo planar
image (TR/TE=5000/102 ms, b=
1000 s/mm?) ;

Since the central cavity of the ring-
enhanced lesion has prompt diffusiv-
ity, brain abscess is ruled out as a
differential diagnosis.

»% (Fig. 8a~c). BMEBIMBEZERLE, 2k
WA M OFRBIETF 5 DD, T2WI T
FEES & LTS h, F—mfF5 L LTH
&SI MR MARZE & KB4 5 & & ]
BETH 5.

EBEs LUEGELKE

DWI BRI M BT D B MR AR,
¥ FEE (epidermoid) & < & JEZERS (arach-
noid cyst)2D, ¥ X UBERM:IEE & MRS
TH5. MimFZETETWI TWLiz & D@
WOBRBETIE, WMEXLCSE LEEBEEZRL,
SR IR A iE G A FFFE T 5. Epidermoid 73 1E
HNEL LITIERSEE ADC 2RO L
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C (Fig. 9a~c), arachnoid cyst iz 7N L Vit
BWADC %K L (Fig. 10a,b), K7 7 v b
LEIFIERIETH Y, MBWOFAET S CSF
ICHARTRRENADC 22 %5, Chaflf
LTHRBEZENT A ERTRETHD, o
epidermoid DI EFRAFOHRIC L HFHATH 5
(Fig. 9¢).

RIS R E T A EERE L LT, &
BICHE S Eladk 5 \ TSR, T L UMIES
BHHD, RHCHEOENISRETH 5. #§E
DRNBEWIFIE O NI CHERHATS
HIluREEL, DWITIERFE L LTHE
an5 (Fig. 1la~c, Fig. 12a~c). —F, &
BICHAE T % BERAR 5 HIER 5 O Ih B A
HoZ ERERECBYTEE-KLTY
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Fig. 12. Brain abscess in the left
cerebral hemisphere

a: Ta-weighted fast spin echo im-
age (TR/TE=3500/112 ms)

The more hyperintense ovoid le-
sions are seen in the left cerebral
hemisphere and the surrounding
edema exhibits less hyperintensity.
This patient was not immuno-com-
promised and, therefore, brain me-
tastases and brain abscess should be
considered.

b : Ti-weighted spin echo image
with contrast enhancement (TR/
TE=520/12 ms)

Two ring-enhanced lesions are re-
vealed after administration of con-
trast material, suggesting its cavi-
tary nature.

c¢:ADC map reconstructed from
the 6 non-collinear diffusion-weight-
ed echo planar images (TR/TE=
5000/102 ms, b=1000 s/mm?)
Since the diffusion properties of the
ring-enhanced lesions have similar
to those of the normal brain paren-
chyma, brain abscess is suggested
as a diagnosis. The surrounding ede-
ma has higher diffusivity.

BB~ AT, BB L FER -0
EROTREM 28 E L/ A FET 51829,
BRICEEEC k- TEGEIKEL, BB
L OERIC, BEEOD grade # ADC » b
ETAHILIIHEEE BN 50,

FICFBE B 2 I L Ot OB
5L, EEMOBRGITE & 285 T = 5l hek:
LR INSG.

z O fth

LRMBELAE (multiple sclerosis) TiEEaMHY
DWIED 5 \NEAFASHEIC AR T 5 KBS O
moizdir, HWEDO ADC B EFRT S & HH
HINTW5 (Fig. 13a~c)3). SMEHHRE T



IREGRIRER & TV

O ADC 2MEMIIREICHANTE L, BICRE
OMRIICEWTEFHICR X 28BS D
ADC 4 EFRT 5, D

BIEPE TGN WA, HBREICH\WT
TR —F = v MRIZEWTERD b/
RIS \WTLEED LR BARD Oz (Fig.
lda~c). FEIDLEHTHY, FRHCHEBL
7o TIWL TOMR R ER T 5 &tk
HIRE L E 2 DNAY, BIRAE T & OmERIC
L AHELEZ DN TOWAERERN—F £ v ME
DEMIRZEOIRERED R+ 5 B3 Bk
V.

K144 2455 (schizophrenia) O#EFTHIIC TS
W ATHEABERMORRE T ARDON S
N, BREETH4EUAUINCKMEEICKT %
BEEFHEOETHEISL EVOIHELD
032, KES RO R IZ W B L URERT
DOFPICEIL O S LNTe.

Fig. 13. Multiple sclerosis in the
periventricular white matter in the
chronic phase

a: Ta-weighted fast spin echo im-
age (TR/TE=3200/105 ms)
Multiple ovoid hyperintense foci are
seen in the periventricular white
matter.

b : Ti-weighted spin echo image
with contrast enhancement (TR/
TE=520/12 ms)

Two ovoid hypointense lesions with
minute hyperintense rim are ob-
served, and no enhancement is
seen.

¢ : ADC map

The above-mentioned lesions are
bright in the ADC map, reflecting
demyelination.

& E

B 848 O bulk motion 12 £ 45 X N7\ EPI
EAEICIC L7 DWI BERBEBIZES L THh 6
FRAPEVWDIC, BexRBREREINTE
7o SHEBEBIIZEE S ¥, FIZ% < ORBICE
BABIERY, BEETOFERTMAIER SN
TV EBDNER, IO E 72 6F
B ICEI L CTHIRE 2RO, KRERREROM®
BOFERNPD L7 BFRENEZ RO TV H &
z2bNnb.
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Fig. 14. Suspected Neuro-Behcet
disease in the brain stem

a : Fast fluid-attenuated inversion re-
covery (TR/TE/TI=10002/127.5/
2200 ms)

Hyperintense foci are seen in the
brain stem.

b : Ti-weighted spin echo image
with contrast enhancement (TR/
TE=540/12 ms)
Poorly-marginated enhanced lesion
is observed in part of the T2 elongat-
ed lesion.

¢ : ADC map

The above-mentioned lesions are
bright in the ADC map.
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Diffusion-weighted echo-planar imaging (DW-EPI) provides rapid acquisition and greatly reduces
motion and pulsation artifacts. In testing of the central nervous system (CNS), diffusivity is not con-
sistent in all directions. This phenomenon is referred to as anisotropic diffusion. In order to deter-
mine the precise diffusivity in the CNS, tensor analysis should be used. DW-EPI is prevalent in
stroke imaging due to its capability to show cytotoxic edema within minutes after the onset of ische-
mia. DW-EPI is a powerful tool in detecting brain disorders such as hemorrhages, abscesses, demye-
linating and neoplastic diseases and so fourth. It will also provide more specific insights into other
pathological of the CNS in the future.
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