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4 I O BRI 361 5 ADC OETIE, Al
M RIEIE (cytotoxic edema) I & % fAD
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Fig. 1. Diffusion-weighted echo pla-
nar imaging and ADC map at 30
minutes after middle cerebral ar-
tery occlusion in a rat. (4.7 T im-
ager)

(a) Diffusion-weighted EPL. (TR/
TE=5s/32ms, Matrix=64X64,
b=1665 s/mm?)

(b) ADC map

(c) Proton density weighted EPL
(TR/TE=55/32 ms, Matrix=64
X 64)

Diffusion-weighted hyperintensity
and decreased ADC is demonstrat-
ed in the ischemic region (arrow),
in contrast to the normal intensity
shown in Te-weighted image.

B0, BEOLFNOERORRIC LS LEZ
ShAH, FEMEEFOEIITVELZITEV.
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S E M MIEE (vasogenic edema) & AEfEPIIC
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mahi (Fig. 2)20.
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BT MaEsMEEC LY, DWIESEES
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(&£ ADC) #7R$ 72, M2 ZEAT 5 &,
M R RIFE  (vasogenic edema) 75 H!H
L, WEDBFED NSV A THRAITRY )1
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Fig. 2. Diffusion-weighted imaging
in vasogenic edema produced by
cold injury and TET-induced cyto-
toxic edema. (4.7 T imager)

(a,e) Tzweighted MRI. (TR/
TE=2s/90 ms).

(b,f) DWI (TR/TE=2s/90 ms,
b=927 s/mm?). The diffusion gradi-
ent is applied in the horizontal direc-
tion.

(c,g) DWI (TR/TE=2s/90 ms,
b=927 s/mm?). The diffusion gradi-
ent is applied in the vertical direc-
tion.

(d,h) DWI (TR/TE=2s/90 ms,
b=927 s/mm?). The diffusion gradi-
ent is applied in the out-of-plane
direction.

Water diffusion in vasogenic edema
induced by cold injury is faster and
anisotropic. In contrast, water diffu-
sion in TET-induced cytotoxic ede-
ma is slower and less anisotropic
(arrow).

FBRESNIEROTAPABRRIFIC BT 55
O ADCIE T AME I N2, KREED
ADC i3 bicuculline #5551 L D ETF
LIE®, 20~30 0T/ F—ICZ LEA 14~
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flurothyl #5554 & ¥ K& D ADC 13HE
T LAY, BRKTITHET Lo 228G L
723, B 5B R b ORK CRBED
ADCZ %4 U7z & X id, ADCE FI33H]
KR AEENIERICE A LD TR TADA
HERFEACL AT 2O 2TV 2 E2
bN%. %7z, ADC{ET I3 flurothyl #¥ 5 5Rs
EHBIT B &%, KT LT ADC 1345 TC
A AVER % & D pentobarbital ¢ g frepy#y &5
TEELIZ LD S & HEI N3,
EMBEETCALADET IV EINT NS Y
A ZVEBFRETAPAERREES v MCELT



SEZ OB L OFIRHRE S Q1 53030,
KA ZVEEE T EE# 12 BRI T3 T WA
BCRHEEMRTH > 2P, DWITE
piriform cortex C & & 5 # &~ L (Fig. 3),
ADC DIE T #EH7-30. 4 bAHATDOEFTHE
BRI PADIGRICERK T b Tilaw
B, ThoOEMERBERL, DWIBATAS
ARIFERDO< v U7 & LU TEALDATREMER
TERELTWA.

DWI D EEERIS A

1. Z AR I

BAE, EAMRIC DWIEOFEIZ =25 5.
—DTFBE ORI X D B ZER B SR FT
BThHI kL, &5—21, BEREOHIBE
BIDBESGICHRETH S L ThHA. Fig 413%
fiE 3.5 REE B ORMEEIEGI CH 5. SMEIREE
BT T: BAEE CTHIBEETEhdr o 7oh,
isotropic DWI CEEB &R L7z, —7F, Bk
PFERI T AABER THRE TS 54,
DWI TiZ/REABECH - 7=. Fig. 5T FIE 3
I EHOMEEES TH 5. SUHHEERIT T,
WAEEG ClImE T Ed - /oA, isotropic

Fig. 3. Diffusion-weighted imaging
in kainate-treated rats. (7T im-
ager)

(a, b) Tz-weighted MRI at 12 hours
(a) and 26 hours (b). (TR/TE=1
s/80 ms).

(c,d) DWI (TR/TE=1s/80ms,
b=1314 s/mm?) at 12 hours (c)
and 26 hours (d). The diffusion
gradient is applied in the out-of-
plane direction.

Diffusion-weighted hyperintensity
is demonstrated in the piriform cor-
tex at 12 hours (arrow), in contrast
to the normal intensity shown in Te-
weighted image.

DWI CEES LR L. &iT, FiE 3 BRI
W& 5\Wid 6 BRI OB A tPA  (tis-
sue plasminogen activator) 7 & & 5%
BEREORMUELHED S I h, BEICRG
T LEGIRIT S - THEBHICRETE 50, #
ST, BIMER ORISR (W
Hd 5 penumbral)) ZEETE S0 E D PH
SEE Lo T\W5. DWI 2 Z OBREEICHE
INEFLHTEY, SHROBEIPFINS.
—7, BT, DWI CiimERRE- &
DL, Mic, T: RAEG CEES
LCHICRIE TR, BERTLRINT
W5 k51 DWIDOfE %5 & ADC I MBEZED A
REEGBICBWTRRE(LT . LrL, InE
TIHEIN/ICS v PR KMEIIRIAZE ORERFZE
{t. (ADC {EfEDE L 2~3 B)2D L&D,
b FBEZETIL, ADCE(EITFHBREERF 10~
14 BHEfe L, DWIEES13/ 30 Bt L7
(Fig. 6). DWI &f55 7 ADC{EfE & D &<
Bed 5 Vo mEDOERE, DWLITITERERE
M, HICT: DERLEATVWHDICHL,
ADCIZiZ T: DERIFEA TV WI LT &
5 (BziE, T: OERICLD T WHAEG TE
BEERTHREOHS, TeMABEROESR
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E-DWIOBRESLHTH S bMEIC L > Tk
ADC BEETHEVWOIDWI TEEB LD
5%. TeOBELEBICKTAESRELFD
HBEFTHB.). TS5 LDWIDEE L
ADC ORERZEALIHEEROFIHES (Fl 2
i, LEiOMRI 5 —2 D7\ WBER LT, &
WRIE LR A BRIA MM, leu
koaraiosis, état criblé 7z & HERIT ABE)
CHFERTHS.

AP EOZE O, RIS DWI
TEfES (ADCIEMH) 2R3+ BB EDOT
EEEZET S (Fig. 7). Fig. 8 idEmmEME
MR M (FAE 4 KeF) 2R LC\Ww5A. Wi
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Fig. 4. Isotropic diffusion-weight-
ed echo planar imaging in supera-
cute infarction at 3.5 hours.

(a) Diffusion-weighted EPI (TR/
TE=6.5s/111 ms, b=1000 s/mm?)
(b) T2-weighted echo planar imag-
ing (TR/TE=6.5s/111 ms)

(c) average ADC map

The cortical infarction lesion is
clearly demonstrated in right precen-
tral area using DWI and ADC, in
contrast to the normal intensity
shown in T2-weighted image.

B3, DWI CEBEE* &R —hiES %R
FTIEREL, T, eI a—75F—
HETITAFVNESOV VI kB suscep-
tibility ZpENRA TEE B 2 & 1539,

2. LFE & 7 T2 (Fig. 9)

LR & 7 eREEE R S IC R R, otk
REHEOMRIEGFTR (#KEA%0 T
FEEEE TR, T MAEESESRK), CT
BT R (R & RSEOERIR) 13/ O
LU T B/, WHEOENNREE L & 95%
< EBEPHK RSO TRHREBEDOR
ERBI 2 SHEEREFA LSS, LrL,
DWI ciiE LI mE s 2=+ —7F, 7€
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Fig. 5. Isotropic diffusion-weight-
ed echo planar imaging in supera-
cute infarction at 3 hours.

(a) Diffusion-weighted EPI (TR/
TE=6.5s/111 ms, b=1000 s/mm?)
(b) Tz-weighted echo planar imag-
ing (TR/TE=6.5s/111 ms)

The cortical infarction lesion is
clearly demonstrated in left tem-
poral area using DWI, in contrast to
the normal intensity shown in Te-
weighted image.

7 rADC
) o X RADC 4
o) RDW 1
5 - +
O 3 4 + H
+
4 o) #
] 2 %+
3 o 8 g @ E ] + & +¢
50 Q8 o X + g
25 o ® e
oo o 1-
1 -u T &
= x
0 : , ©Y (8 SN A © R~ -
1 10 100 1000 0.1 10 100 1000
day day
Fig. 6. Time course of relative DWI signal in- Fig. 7. Time course of relative ADC (rADC)
tensity (RDW) and relative ADC (RADC), in patients with nonhemorrhagic infarction
which are the ratios of DWI signal intensity (+), intracerebral hemorrhage (Q)),
and ADC in the human infarction lesion to hemorrhagic infarction (/\).

those in contralateral control regions.
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Fig. 9

Fig. 8. Diffusion-weighted echo pla-
nar imaging in hypertensive intra-
cerebral hemorrhage at 4 hours.
(a) Diffusion-weighted EPI (TR/
TE=6.5s/120 ms, b=1736 s/mm?,
diffusion gradient=anterior-to-pos-
terior direction)

(b) Te-weighted echo planar imag-
ing (TR/TE=6.5s/120 ms)

(c) ADC map

(@) Xray CT

DWI shows an area of hyperintensi-
ty partially mixed with hypointensi-
ty in the upper part of the left thala-
mus and deep white matter, al-
though the outer zone of this area
may include hyperintense areas
due, in part, to white matter anisot-
ropy (arrow). Hyperintensity due
to an anisotropic effect is also
shown in the contralateral deep
white mater. Tz-weighted EPI
shows heterogeneous signal intensi-
ty, including hypointensity (arrow),
probably due to deoxyhemoglobin-
induced magnetic susceptibility in
acute hemorrhage.
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Fig. 10. Diffusion-weighted echo planar imaging in brain abscess.

(a) Ti-weighted SE (TR/TE=400 ms/9 ms)

(b) Te-weighted FSE (TR/TE=4 s/105 ms, ETL=8)
(c) Contrast-enhanced Ti-weighted SE (TR/TE =400 ms/9 ms)
(d) Diffusion-weighted EPI (TR/TE=6.5s/120 ms, b=1736 s/mm?, diffusion gradient=an-

terior-to-posterior direction)

(e) Tz-weighted EPI (TR/TE=6.5s/120 ms)

(f) ADC map

High signal intensity is observed in the abscess, associated with low ADC.

R I L ASOKGEEER L, MEILE
BICEBTRETH VO, L EEICE LTt
FHBOBRFEOREOHER BB LHEH
ThH5b.

3. iR & iEE (Fig. 10)

BN MRS S P OBESE & > 7o MBS (B
BHEMEE &) [IRICKIBE & &R iE

FHBBH5. WINLERNE T EREEG TE
B8, TEAEG CEESZRL, HFUZ
7 ATY V7 RICHERI NS, —RICERIR
BT HANY v RN HAL, R —T, R
BEIIPERORT OETERH L TWADITH L,
F L CIIMERE S RS BH LRV
S, WEO MRIE§ CERIFTRE/RAES] & HE

Fig. 9. Diffusion-weighted echo planar imaging in arachnoid cyst and epidermoid.

(a, ) Ti-weighted SE (TR/TE=400 ms/9 ms)

(b, f) Tz-weighted FSE (TR/TE=3s/126 ms, ETL=12)
(¢, g) Diffusion-weighted EPI (TR/TE=6.5 s/120 ms, b=1736 s/mm?, diffusion gradient=anterior-to-posterior

direction)
(d, h) ADC map

The arachnoid cyst shows hypointensity in DWI. In contrast, high signal intensity is shown in epidermoid.
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PICHFETS. L LEERICHE, OB LT, CB0 % rCBV BIEICIMERN L —Y
07T WERIREEES S 72 T WD BE — & LTHERALTWA. L L PET 345
ETHHVD . KEEOFLEELERIT BRROAR LPEAINTE LT, —BEKRIC
DWI T&E87x\v LERF ST, ADC iZEES ERLTWS ETIEWHIW. —J, SPECT
MEINTELVOR, E3E5IRAMEE I THRRPICEDER L TEALFET,
WO 7 DWI TEEB & LIAES % 5k X2 N-isopropyl [1231] iodoamphetamine (1231-
L, DWILIC X AWEOERNIRS TH -7 IMP)4D, [%mTc]l-hexamethyl prophylenea-
EEBE LY. COFRASEEAICEBE T mine oxime (™ Tc-HMPAQ)4®), [9%mTc]-ethyl
B0 E DS PIEESHOEFIOBABENBHETH cysteinate dimer (%mTc-ECD)47;: & OERFAL
%. P —%2HHT LT EBEN. WThAE
WIEE M LAIETESR C Rz G RIc i D
RENZFOEERFEIMNICEZETHHEY L
D, &KxD P U—Y—ICIRFT - @IV H 5.
Bz, OQIMP Ik 5 1 EER COE
1. BEZEREIC B0 AR EEE & dy- BERTEL, MRF~OMIEII %L, BE
namic susceptibility contrast-enhanced MRI EARIITIERME & —% LA R 2R T
I E CHIROE T, BfiifidiEs & LT B, RHE, ZOHEZ~ EMASMAIEIEILL T
{Z single photon emission computed tomogra- {72, ALBHBRTH > CTHIBERHIC LD
phy (SPECT) -<RxImifiillzEw: D golden stan- GHDERALNS G, HEEEER O
dard & &E % X ¥ positron emission tomogra- TZT I U bW T, BEkE PR
phy (PET) 7 ERERTH 7. Lich-T, ThHs Rk EOMENPDA. (2HMPAO 35
dynamic susceptibility contrast-enhanced MRI Faw D T IZ L A EFBEWDOID, KE
BN X A MIMREIESE OBKIGHEICIE, o B ERHE CEBICEN, B5R A TOMIMGTE
NETCOBBREFELORMEBLETH LD SRR RS R VO ETHFEI-NEE
T, BEICHENRTS. T & BEBENRETH HEITHBH 5K,
PET 2354 % PWI i L 5 D & B 5 7] B D DOMIEF~OUIEE A S <, B
T, RO TREMSFERCOEN T, B BiF5aV S5 A FBMENERIAERIN TR
TEHETHAH. BEBRNIC B RIS A CB D, TOWENKLETH 5. QECD i L
02 2 H21%0 % rCBF @I ICIREcE b U —t— HIAHEIN/ P V—Y—TH 1D, HMPAO

PWI SEDBRERIGA (4% dynamic susceptibili-
ty contrast-enhanced MRI R\ T)

Fig. 11. Diffusion-weighted and perfusion-weighted echo planar imaging in superacute cerebral ischemia.

(1) Diffusion map

(a) Diffusion-weighted EPI (TR/TE=6.5s/111 ms, b=1000 s/mm?)

(b) Tz-weighted EPI (TR/TE=6.5s/111 ms)

(c) average ADC map

The cortical infarction lesion is clearly demonstrated in left cerebral hemisphere using DWI, in contrast to the
normal intensity shown in Te-weighted image.

(2) Perfusion map

(d) Time-to-peak map (TTP)

(e) Mean transit time map (MTT)

(f) Cerebral blood volume (CBYV)

The area with decreased cerebral perfusion in TTP and MTT is wider than that with decreased ADC. The area
with decreased cerebral blood volume is approximately consistent with that with decreased ADC.
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OEFTIZz, HMPAO TR & 7z A ¥ IR B
DEEPVILNRITDH A0, MEEOHE AN
HNZ 1 % luxury perfusion I TILEER TH
S THEEEYRL, B7 LIGMAIMKEE K
BLEWT EBD BV CEEINETD
5. LHL, Wiz LTh SPECT 12, Ad#
ICHR DA ENT P V=Y —DMAG AR BRI
BIMEEICF 5 &0, BEEMRPIREHE
HREIET A & THMmFEE (cerebral blood
flow, CBF) oI E (cerebral blood vol-
ume, CBV) #HETAHETH5.

ZNIZH L, dynamic susceptibility con-
trast-enhanced MRI Cid, MmEmMBIFI2A S %
7o MEMTIRE Lin WA FU = AERA
FRLTVS (WhOLmEANFLV—Y—) &
THI L7eBEFENFIE LR h. HRUZY
LIEFR PR IR 5 2 1 AR R D I IR %
BRI AL E, T: BFAMRI CTHERIZES
BDETL, E—27 %R LEETS (first
pass). COEEENE LU SEHBIT, MK
FRC X0 7 R U =0 AR A BT IRH
L7\ MER & e BB ORIC K & it
ROMEPEL, RS RE—P4E L 57
DTH5. MRIIC X5 PWIHREILXBEOH
B2 <, DWI7Z Efihd MRI OFk & R
KR CE, L bZEMoRIcERIcENT
WA EREFTHA. LrL, EBROBEEHE
TH < £ TT*HmFAE B (susceptibility con-
trast) OEBHWETH D, LT LLEFFDO
BEIEEHRE L. o, BEHOBNR
NEEZRETAH L ORELR Lk EhD,
¥4 I 5 B D T BN I PR B T pR 28 55\ BRI
BBGFIC L0 SRS 2 MEROMEDK
EIRELDAREMED I FORMBEELD 5.
Lo Lahb, g ToO SPECT 7 EBES
MFE ERERIC, TO XD EAERNERER &S
FHRE WD P U—Y— D% A L7 TR
RICER BB — 2 — "B E LTV ®
B, TN LOBKIGAICNELRI L EE2
5.
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BAE, B BT DR & ERAAE
ErERT. REBRE&MET gradient echo EPI, sin-
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Fig. 12. Acetazolamide test using
perfusion-weighted echo planar im-
aging in chronic cerebral ischemia.
@

(a, b) TTP map before (a) and af-
ter (b) acetazolamide administra-
tion

(¢, d) MTT map before (c) and af-
ter (d) acetazolamide administra-
tion

)

(e, f) CBV map before (e) and after
(f) acetazolamide administration
In contrast to a case in Fig. 11, no
definite change in CBV is observed
in the ischemic area. The TTP map
is the most sensitive to detect
reduced perfusion.
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Clinical Applications of Diffusion and Perfusion Imaging : Brain
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The ultrafast capability of echo planar imaging (EPI) has made diffusion/perfusion MR imaging
(DWI, PWI) practical without the need for head fixation or exclusion of uncooperative patients.
DWI and ADC studies have been useful in the detection of hyperacute stroke. Furthermore, DWEPI
has also been useful for distinguishing acute infarction from chronic infarction, epidermoid cyst
from arachnoid cyst, and brain abscess from cystic or necrotic brain tumor. In addition, dynamic sus-
ceptibility contrast-enhanced MRI is useful for semiquantitative evaluation of cerebral blood flow.
Decreased perfusion in time-to-peak (TTP) and mean transit time (MTT) maps both correlate well
with decreased CBF by SPECT or PET in acute and chronic ischemia. This review highlights the
promising techniques of DWTI and PWT in routine clinical practice for patients with brain disease, es-
pecially cerebrovascular accidents.
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