W PR R M 5 < FEBE & PR IS A

AR AR SRR IR B

T L &I

1996 4@ single shot echo plannar imaging
(EPD) EORRKBEAIZHE, DT EE#E TS >
7o BRI T & A ERRE (% (diffusion-weight-
ed imaging : DWI) OISR REL -7z, L
HL7RNRS, HEMERIC SV TiE, OGRS
it - BB E ORET A b o Tobk 2 s EER DR
LS ORE— M2 E < mEH sk L 23
WV, QRS EILEIRBEREOK S kB &
(bulk motion) 283 %, @chemical shift artifact,
N half artifact % @ single shot EPI $: 4 4 O
T—=F7 7 7 F 00+ e IRE 8 LT
B 5, ORFRPIFLREL Y T EAE VST
B 570 ¥ OBEFHFIRIC T W% < OFE S LU
IR D 472012, W DWLIBE W b ED
low-b-value DWIIZ L 2 Hlf s /i T, H
B L BF R E R S5i s - /2. Z O 2000 41
7% V) sensitivity encoding (SENSE) & 3
& L 7z parallel imaging #E25RIGH S 7z 2
LIZL - T, ThHDORIBEROKRIRD RIS
N, KROWEH IV EFT A ERL -7, KEX
b fifi % FI /0 L 7= high-b-value DWI ## & 7T fE &
D, WF—UVBRELY G OREHBNIND -
TECVWTWA., ILIERECIHEFEZ2
aAIVEMHH L /-4& DWI 7% & @ 2-fluoro-2-

deoxy-D-glucose positron emission tomography
(FDG-PET) ICELIL 7 HTE~DHE D
B, KEGRITEy 7> T0A5HTHLD
5. AR, DWI OX#E, JEH DWI 0%
B - B R, WENE, RELOa VTR
FORDILG, BRIKICKT 5B A, SHBOR
Wi LIZ oW 5.

DWI &7

MRN8 5 K F OB T F Lkl &
EBRILL 72D THS. DWITH»AHT &
TOKRGFOBEDOKRE X, @QFDHAD_D
THY, ODOKE S F AT OILRE (appar-
ent diffusion coefficient : ADC) C, Qi35 5tk
DOFEEHE(FZE (fractional anisotropy : FA) T#
b Tx 5. FEEICITIRE A R+ 572 180°
7V ARt IZ motion probing gradient (MPG)
HIINL T 45, 72, MPG D A/Mdb
fE (b-value, s/mm?) TFEL, MPG /)L AD
RKEXEZOMMEERIC L > TIRESIN 5.
DWI® a5 A Fdiid SE & single-shot
EPI &0 T fiddE{R T D, ADCEDOKE 7%
LOIFEFETHARE REFERTDITHL,
ADCEDO/NZ /b DIE BT A/ NSIWDT
BET R, MR B AR s

COMHIS, 34 M AARMIIBIRERZBF R [EH ] TOFMEEPLICE LObDTH LS.

*—r)— K diffusion-weighted imaging, abdomen, neoplasm, inflammation
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i < ADC 28 IEF AR IC N B RIS S wis
», MUWEREE (REREFES) #rxd (Figl).

%3, MPG /U ADOHIINAEICRER T 5 X-
Y-X #ili> 3 12 Fhn 9 4§k B o isotrophic
type O DWI & 6 i &\ 5 72X HI2 % < Ol
Eln-d % tensor type ® DWI & 2 fEfEAH 5
(Fig 2). Tensor type DWI TiZ X7 L in&
L COMMTHZHDT, EBEICHINT S bl
NS DD, KELDEEEHML 2D
ERROIR AT L N TE DL A.

F/z, bEOKE SFTFEIC MPG 7OV AN
REEIC L DB SN SHDT, K&/ b flizH
g5 &94T TE JER T 5. EHMFEERESE T
(3 Tefill 28 ey & D23 % <, FE%) TE %
R IHFIC, KELDbELEHIINTE 5 ten-
sor type © DWLIZBFITH 5. #lxiE, bl
1000 s /mm? % HI jn 4 % ¥ & 3 #ih isotropic
type DWI Ci% TE 100 ms {272 A DI L T 6
il O tensor type DWI T % 80 ms £2 & 1T 7x
D, EESORE <% TE 60~70 ms 1231
DIFAHTENTES. £/, MAxDOHIIMT % b
NS TEHLTERTIVIV VAT A

DA OT TOFH LB 5.

fEER DWI OB LR E =

185 DWI o i IR It (3 1996 41T single-
shot EPI I DN EEREA SN TH B E 528,
OWALET —F 7 7 7 P e & O EPLIERH O
T—FT7 577 ML AEBSL, OSNR KT
1Z £ ¥ high-b-value (400 s/mm?2 LA I) 2\t FH
TE\WkEDOHEEAM S, Lt low-b-value
DWI TOMHNRATH - 7.
DWTI | micro perfusion ®° T: 2 F 5 A b 7%
FORADBDYD, KEOIEH IV FFAFDA
B AERTIE I\, #H O T iR &

ICHARTEREEVMHHISNAZ &2 D, &V

OV NS AN RERY DO ENFETH D,
HAIMEESAMH T A5 ELFETH
BV Z O O To vR 8 5 4 ) 4

H{g s LTI HEHTH - 72D, 1EfER ADC
EPFHI T E I\ in EORE DB > 72, 2000
4E |2 1% sensitivity encoding (SENSE) % {%
% L | 7= parallel imaging = R IGH S,

Low-b-value

Fig. 1. 64-year-old man with advanced rectal cancer and lymph node metastasis

Data acquired during free breathing can be observed three-dimensionally by MIP processing. An
advanced rectal cancer showing the apple core sign is clearly visualized (a, b arrows). In the
lateral view, several regional lymph node metastases are also visible (b, arrowheads).

200745 H 7 A2
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b=1000

Isotoropic type Tensor type

Fig. 2. Isotropic type DWI and Tensor type DWI

Diffusion-weighted imaging (DWI) is divided into two types, which are isotropic type and tensor
type, by the way of applying motion probing gradient (MPG) pulse. Isotropic type of DWI is
simultaneously applied orthogonal three directions of MPG pulses. Tensor type of DWI is simul-
taneously applied multiple axis of gradients (more than six directions) and can reduce amplitude
of each MPG pulse, which cause shortening echo time for sufficient S/N of the images.

| Parallel imaging technique (-) | Parallel imaging technique (+) |

Fig. 3. Effect of parallel imaging technique for imaging quality of DWI

Sever image degradation due to proper single-shot EPI artifacts (susceptibility, chemical shift or
N-half artifacts) is noticeable on DWI without parallel imaging technique in the abdomen (a).
The parallel imaging technique minimizes these artifacts and improves the image quality of DWI

(b).

B DA ADE=T! ¥ /A VARF (WA Y el B B L 2. SRS &5 T TefEO R K
single-shot EPI & CTiZ OEPI 5 0 7 — 5 75 ¥ OIE 2% 12 35\ T & high-b-value DWI
777 FOER (Fig3), @TE ofEft (70 OBBEPARE L 155 72, S BICHT Tl A HiPE
ms FE) MNARE L 7> C, DWI OEE L RE ZEaA I EOHIC k> TLH DWI DR
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bIFKIEH st >28 D PDG-PET & FHkIC
LY ORI EANDIGH L IfF s T 53,

DWIDOL FZXMDEYILSE

DWIDav 5 AR, KKROJEa v+
SAPUSMZ Teav bS5 A, TP VE
B, WALRMRIRE P DRAN, hThikia
VEFESAPET: AV S AT DORER Y
BT AEEREHR L5, L > TDWI
DAV T AN REET AT IV FT A
FETeav 5 ARG aWICE 2 HLED
HAHN, MEOEGI Y F 5 AN HEDAHEE
NTE & bEOKESIDORE /T A —2 —F%
E Lo TIEBICRL > T B2 Lo+ Ic H#f
LB LERHSH. T4« DWIiZ b{E 0s/
mm? O Kt single shot EPI 12 &k % T2 R
HETHD, 100%T:avV S APk 5.
Z % base IZ L T MPG gradient % B¥ % IZi#
LLTwL L, T:av k5 AFOEEZEA
LCTwsT, b 400s/mm2 %42 5570
T, BV PSS ARBEMICKES. HITD

f 400 s/mm? LA FCiE, Tea v b5 A+ E
(L7c i & 7 B 70, HFE#ERk ¥ o ADC{ED
KEFETH TR0, DWI TldE
EB%RL, TOBE%% “T: shine-through”
LIRSS (Figd). ZOFREIC b fE 400 s/mm? &
i D7y S\ low-b-value DI Tk T 2/ |k
SAFOEIENRAKEL, bE400s/mm? L) |
DK = 7% high-b-value OFEIE TII AR O E o
VEFSATEERIKREL DS, T2, TDDb
fEORESDAMCEL TEORE ST L Th,
a5 AR ETeav F 5 AFOEEN
B> T B ELHBEL T LERDS.
Fig. 5 a~c (3#tHNCE 55, BEc b fH -
L T#% TE ([C&0) 2 1IEH IS (B, B, I
i) OBy 23—y avLi
LD TH5S. TE=0ms O34 (Fig. 53) 13
Toav S5 ANOFER2L v T ADC E
DK EIE (B >FF> M) IG5 MKV g &
50, KAV P S AT ORERML 12757
L7 5 Tw5h. TE=80ms (Fig. 5b) TiE, b
i 400 s/mm?2 DL F Tl TefEO K E7%E (8>
B> ) ICFEAWS, Teav PS5 A FOE

| b value=50sec/mm? |

| b value=500sec/mm? |

| b value=1000sec/mm? |

Fig. 4. Difference of contrast constitution on low-b-value DWI and high-b-value DWI

On DWTI applied with low-b-value (<400), each hepatic cyst with long T2 relaxation time and
large ADC value show high signal due to interfusion of T2 contrast (T2 shine-through). The sig-
nals of all hepatic cysts are suppressed on DWI applied with high-b-value (600>) (arrows),

which is reflected in true diffusion contrast.
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Fig. 5. Relations between TE and contrast of DWI
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The signal fade of each normal abdominal organ (liver, spleen, kidney) is depending on amplitude of each ADC
value in DWI with shorter echo time. On the contrary, interfusion of T2 contrast is predominant in DWI with lon-

ger echo time.

ERREL HEDSHD, bH 400s/mm2 LL T
[T TE=0ms & H UIEFEICHAE AL A T
T, IOV S ATOEIEPREL DS K
5127 %. TE=120ms (Fig. 5¢) Ti, bfH
1000 s/mm? [ L CHiifpid T v/ F 5 A T
DIFIZHATWT, FEAEIIV FS AT
OEETEL D, TOLDIT, bEPIMTH
TEDORSIC L -> THEa vV F 5 A FOEGH
KRELELSTLKABIELEETHD, Ev
TE Tl bEiE2 D RELTHITEAL
Teav S AMEM ERD. iz, TE=120
ms Tld TfEAHE 7z DIFIROE 5 1M1
KF L, noise )L k7 1) SNR DK\ 1k
L7-BEBIZ% 5. 2 ZUHO MRI & Tl
bfEAKEL 5 ELNITHSTTE AR
HDT, BEICKEL b @OBMIE Tea v b
FAFDORAZENEXFEPLETHSH. K
TOEFNTGA—R—%E2 5L, TEIL60
~70ms CTx @ TE 2% %€ W fE 7z MPG pulse
D b {E1E 600~800 s/mm? &£ E ¢ moderate-b-
value L 75 %. iz, FIEMER{EIETTEETIE SNR
R Ex® 570, 5~7 HIEED NEX % H
T 5D, FREEETH 2 BREEDO NEX %
9% & kv TRIEITTE IR I (5
TR 2§t & 35D T STIR 4% A
WAD, WRZIRE T, BRE L HHORE
T bulk motion & (% & A ¥ 72\ T chemical

shift selective (CHESS) #:, principle of selec-
tive excitation technique (PROSET) #:7: ¥ 0
M ORRHFHIE T o EPEoN 5.

&% - ®KR"AE

1. w7

B IR IR & < i TR s bk & JEREIR
Ik (ZEPRT - PRI DDl
P, DFOLSICHBIC LD HFEWG T2 & &
V.
a. vF—td, ADC#EEHH

HH OB TR 2328 RE ST
LEED LD THIFA A RE L CTHEREIEET
BET 5. COBEAT A AE 5~10mnm,
NEX 2 W E T4 5. £/, RN
SNR 7%z ¥ &% %2 T CHESS ## A\ %. ADC
fiE Z AN IEE R (2 1| < T 13 bulk motion 7 ¥iC
SO EEEIENDLOT, FREIETEDOTTH
YE L.
b. [KHIFI A7 U —=Vv 7, &ErRERE, 3
RILERR

3 RILFERRLHE N AT A A TOESRERA
DB A IR BT IRF A 2 B9 % O TIEME
BEILETIRY T 5. COBEAT A AR
5mm L FCNEX5~8 mEERKE T 5. x
7o, FEREEIEE CREHFRT (diffusion

91



HIgEREE 582743 5 (2007)

weighted whole body imaging with background
body signal suppression : DWIBS) & -5 [a] 1t
SR B OO\ END L. BT CILLH
FEIR T T O T bR, FRIC EIEED
iz CldRIEOB 2 I L AT —F 7 7 7 D
HEPE L, IRERB O TR 55505
HOT, WRFEIIECOREIAEE L . KT
TEAF ORI#HHIEE (CHESS %, PROSET
T y) OBENEL, IEFRIFIEE TS
(EARV NP > 3|V P Gk N W5 e [, iF | i Rz
23755, short T inversion recovery (STIR)
Ea A9 5. STIR & THEIRINC KO
BEaMET 58RO E LB A0, FEHE
RN 5 HME 2O T, HEEO SNR 32
TR T T %7280, T4 78O NEX (5 [0 L
) &, maximum intensity projection (MIP),
fusion B L WEIZ 70 5. 7nds, [NEHIPHIREY
1213y — A 2t Total image matrix (Tim)
system @O & D 72K \WHiIH 7 18 —T & LR H
FROZZaA IVELETHS.

2. FARFB

High-b-value DWI Cid@mwav 5 AL %
HTHDT, BHEFRRCHUNABRRERE R T
% TTIRAEDORBS LD EH D, FGD-
PET [Cfl/- LS eFm &ish. WAERO IV
5 A~ OFFUC LT O T mFiE g T8
IR - OF N EETHS. FRCKE L bE
(1000 s/mm? LA k) @ DWI =% STIR ¥ % ff F
L7556 CRERGBSOMH MO T, JHE
B R 1) 75 A& R AR 1 13 workstation
ETT 2=V s VEBEERT A EBNEE
A Fiz, ZEHEIEIREDIR D D RLWATD
B 7x ¥ O (3 MIP, multiplanar refor-
mation (MPR), volume rendering (VR) 7% &
D 3D KRB EHTH 5.

JEL8 DWI IE 5%

BEE DWI BifgCrt, FTELIAHC & LA FICR
TERBELERES REET) LRI o
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ELHEEDECEDICHE T HLEND S (s
B, b, TECKVZ®HD).
L uvmEfEs (BERFS) 2m e
Tehe, fRRE (AKX - RS, FE3 - DNEE, 1
BB, U NEE, MERIBC G
2. hEEEES (RERFRS) 2R
i, ErhE, PENE, EIE, AZER, E, b
B (REft)

RESOILHE I P TR MDORY LB
(FRCHERRE )

i L 7z & D I ES S i B R E TR
W IC N, HEICADCEAE T+ 57
O, @5 BEEE) T, HkiTMas
FOBOMKEEBRO oI KIS h, Hifapiis
Bie LI KBRS FEBHOFFNC L0, MlEA
@ ADC fEiZMfast L IR ER A D 5. Bt
B E B R AEIC & 5 ADC EOK T OE 7%
BRI, 1. MBa 2 EERG INC X % M R i pr k)
b & 2. MBE N O HIKI K 55 F O EI & 2338 hn 9
b, ZORERBDTHHYY. s, i
12 DN T ARAEZE M e 23 B 7. 75 wet 7 AR AE(L
L IBFEARAE P BEAL 7 dry ZeffE b O DI 51
TE2LHMENH 5. Wet IiifALOBE Te
shine-through & Fid7% <, #l¥SN7/zK5+
Wz X0 ADCEIZIE T L, WAREES
(BHEES) 234, THICHL T, dry 8
HALDBE, TROKGFIIZZL KD, T
shine-through X FIZ & 0, WEDOERES (&
HWiE5E) [ wet b LiTicsm< b,

fRER(C 35+ 2 BEER DWI O F A

WK B 7oA Atk % Table 127”7 .
1. EMEES A GRER)

— A TERIEE OB G, BN O 7 B H
IC XD HIREEN LR+ 572012, ADC fEi
1~0.5x103mm?/s BEICK T 5. ZhiC
®LC, IEFIETES O ADC fEI@EF 1.5 %
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10*3mm2/suj:<‘:%< MPG /)L A D HI
X DIEFEEOFFRMEl S s O L

T, BHEEE TRESIHIAERS LVWico,

DWT Cid & 54 % 6 i & 1B 2 S E

Table. Major Clinical Utilities of DWI

1. Application to neoplastic diseases (without
contrast medium)
a) Detection of malignant neoplastic diseases
b) Differentiation between benign and malig-
nant tumor, Estimation of the degree of
differentiation
¢) Assessment of therapeutic effects (e.g.,
after TAE or RFA)
d) Differentiation between hepatic cyst and
hemangioma
2. Application to non-neoplastic diseases
a) Assessment of inflammatory activity
b) Detection of abscesses
¢) Detection of acute-phase hematoma
3. Combination with superparamagnetic iron
oxide (SPIO)
4. Diffusion tensor imaging

5 (RERES) L THEHTSZ ERFETH
% (Figl). BIfE&EERIC T 5 1EH DWI D
FERHBEIC DLW TSN T L E2AHTH S
5, MR, K, W, wizigkE’s & Cid
BEicmuwaARER#mEIN TS (Figs. 1,6
~8). Nasu” LFHFEBICOWTHREL T
575, DWI & FSE-T2WI 13 & U Dual echo ®
TWI /o Tt LcGh, RE/FRE/
Az {3 0.82/0.94/0.90 T& 1, superparamag-
netic iron oxide (SPIO) i&5#1% MRI #f (FSE-
ToWI, To*WI %) 23 0.66/0.90/0.81 1 He~ {5
NIFERTH -7z TS SPIO %4
WECEHATREME 2R L 7o G TH 50, A
FESMAIXAZ 35 B IR AR 1T OFABI ORI L O i
BT o5, i+ 5 L5 ICEREED
ADCEICIEIEB A D VL EIT L > T &
F—"—F v 7L, ADCEDZEIC L AHiHIC
ERA LD 572 EORER DD D S LI D
METH 5. Ichikawa 58913 KR & R IC
B HERE B & L THEL TW25

INHOWHE TR CIIRE/FRE/Az
fiti 919%/1009% /0.97, WEJw TILRREE /F5 g/

Fig. 6. 59-year-old man with multiple hepatic metastasis from pancreatic cancer
Small metastasis with intense high signal (a, arrows) was clearly demonstrated at peripheral
right hepatic lobe (S6) on high-b-value DWI. This lesion was not obvious on contrast-enhanced

CT image (b).
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Fig. 7. 57-year-old man with pancreas head cancer

Tll-defined mass with intense high signal was seen at pancreas head on high-b-value DWI (a, ar-
rows). MRCP showed severe stenosis of both common bile duct and pancreatic duct and dilata-
tion of upstream both ducts, which corresponding to double duct sighn (b). Contrast-enhanced
dynamic MRI clearly showed ill-defined mass with poor enhancement at pancreas head (c, ar-

rowheads).

N HL

L (] B
PSP ADC=0.65 |

a

Fig. 8. 71-year-old man with prostate cancer
On high-b-value DWI, well-defined mass with intense high signal is clearly demonstrated at right side of transi-
tional zone (a, arrows). ADC map shows marked decreasing ADC value (0.65 s/mm?) on the mass (b). On the

contrary, this mass is hardly pointed out on T2-weighted image (c).
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Az 96.2%/98.6%/0.99 & & HIZIEHITHEN
TSR BIRENTWS. 2L, IhboHs
iTW 9 retrospective A DTH Y, 5tk
{3 prospective IZFFii L, DWI O %k
LTS BERB L. E72, Fx Ok
TP I35\ Tk DWI & MRCP # 4 &
ORHT EICED, INREOK IR ECIERE Y
BN 7 & OEFINOF B L RSN T
W, DWI B A LFMOEXY 5 ¢ —
L OB AE DRI OV T LG PMBET
H5HEBDONS. FNEETIEL L OBt
IRLICHMEDRD B0, RisnTwb0iF
DWI H 4> &5 DWI + T2WI, DWI + spectros-
copy, DWI+dynamic MRI & 7 YA G D &
B2 ThHDO~2, 27— 7% T
L0, BELZHANCT L5075, S 5HICHEmIC
FOBREICHW LD LOTENSZ MK L /2 &
TEBICHRAE B ERL TS LER B L.

%72, STMRI CORFMHMLBICHRE DD D
ADC f#i, FA fE35ICIEF AR & OMICHE
RENRONS Z &6, KRR E~DOHEH
WA REIN/I-ESNEY . —F, BixiReE
T AEBBIC MRIBELY T4 5 Bk Tk
AR T\ & MRI O#EIRD ) BERS

[wis] |

high
medium

low
(limited )

<, HBEoOHMmIC X A OK T IERET
H5. HMOFEBIFIHRO 7 TVBERICK
DEVHEAL, FICOBIECHINC k22
NELERAMEMADH 5. bE 2000 s/mm? D5
b fE> DWI Tid 1000 s/mm? {2t~ &= 3
DERWDT, TORMERZHATRENEL D 5D
SHOBTETH 5. BUHHREOKRBIC Y
% 5 IE S B g% > DWI o4 % Fig. 91C
Y. BRCHE b A K DI, K, HE,
Bz, BMER SRR bemvWa A2 H
D, B, B & TIRIEBEER OGBS
WE, DIREEOT —F7 7 7 F OB 0B
%75 FRIEA S BT O THEEREOF MR
HbHEEbhA. —77, Mg, U/ SHiTIEIE
HTHIIFITRNESART b, SRk
HROHENTL A EEZOLNS.

2. R - BHER, Mo CEHE
REMEOHENIEICHES ThRE s hTw 5.
ADC fEFHINC 255 W S O REM:OE 7
i parallel imaging & A LLEiTO DWI % f v
TR LHRESINTVWAVIWID . Cnb
HEHIINS % b AR - 0ERICEL X
BRONSDD, HER - gL E ORI
%5 Tl ADC{E T 1.8~3.0 x10 3 mm2/s &5

pancreas, large bowel, prostate, urinary tract (ureter,
bladder) , peritoneum

-----
nnnn

spleen, gallbladder, stomach, lymph node

Fig. 9. A difference of utility of DWI for evaluation of malignant lesions

in each abdominal organs
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%R OICK LT, FiEk - FffakEs & o
LR Tl 0.8~1.7x 103 mm2/s & {KfEi%
wL, MEICEEENDD EMEL TV AL
B\, K 7% b i (846 s/mm?) %Al
nL 7= DWI O # 7 Tl ADC fi 1.6 x 103
mm?/s [Z kil % 3% E L 72856 ONTF BB S
EHOREEL 98%, HEEE 80% LI N T
WAB . UL, HmElE Tl ADC i KfE
oL, BEHEEH SO —N—F 5 THREL
N5 EDORMBESERHL S dbd5b. B
1E Tl parallel imaging ¥ ff /i DWI 23 #E &
%0, EEm[ L, TE fH#Eic > Te shine-
through 2R OEER, =\ b EFIINIC K 5 mi-
croperfusion D% Ml 4 % 7% K B AHE &

755 TCWAHDT, FHEEO REMEOEIRKE -
BREOI L AR EVAHFEINTVS. &
7z, #9572, ADC &kl v v Vg
THEOLNA FAMOWEHAGDLE S &
T, EIKE - HRERR ESHLRAA LR
INTWwW5b. —F, BICEWbEAEIL /2
DWI Cid, WFiikares & M5 LE O#EE
OFRAELPTEEIN TS, Fig. 10 [T HH -
HEATHF MR ORE B CTd % 5, DWI CTlIeEfT
FEOMAFIBETERL, SOOI
B5 & S W & 2 B H O BRI 28 7RI X
N%. Fjz, SPIO @&tk T-WI Tidai#Eici
PROM D ABIFES FEHE FIE 72 <, HBBEITEE
ODMVAZICEVESEKTAR SN, DWI T

Fig. 10. 58-year-old man with early-advanced hepatocellular carcinoma

On SPIO-enhanced MR image, the ventral portion of advanced cancer showed moderate high sig-
nal and dorsal portion of early cancer demonstrated relative low signal due to uptake of SPIO.
(a) The former showed intense high signal (b-1, arrows) and the latter demonstrated low signal
(b-2, arrowheads) on high-b-value DWI.
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RBONIRZHFLTwb. —, Lidel
FIC LT DWI CidHEEh & I M & % X 5104
LT ELAEETHAH. HFEEM &I mAEE Cid ek
FD T/ TR IC R0 <, A SR
£ 0 TIWWI Th¥RrICEELAE L, TWI Tik
RRFEFMEND, ZOENEHFT S DIE b
FTLLEHTld\w. T/, TEORSAE X /-
dual echo @ T;WI® % fluid-attenuated inver-
sion-recovery (FLAIR) % W7Dl & D
EANORREORE LB DD, ERXAT Iy
JEEDNE T2 HE LV Teh O TS 5.

DWI Tit, HF#l<ii ADCELEL F5H
AH S B0 L, FFMmENETid ADC il
RS EEREHrb 0 AbhnwoT,

EERERCTICHEOEGN AR TDH 5

(Fig. 11). L2 L, COHMWICEFEROE
5+ i+ %729, Te shin-through O
MENW, N7 b EOAINTIEAR+4T
»HD, Vi< Ed bfE600s/mm? Ll EON
DLBETH 5. £z, FFMEE—TLO D OFR
WEZERSEVEELHLHZ LICHET L
BRDH5.
3. BEMFHE (TAE, RFA 7t &)
B 7 124 % TAE 7n & ORBEES)
RHEICE, BFEEMEEEIA Iy 7 CT
T, BENHOU Ut F—Ilits ORELER
B TORGPROEMEALFT S5 2 L1 %
WA, U E A F—IliZaRy high density &R
728, ZTOFHliNRETH S & i3k
W TosRRE 57 & OMH O MRI #8 Cid,

Fig. 11. 39-year-woman with hepatic hemangioma and cyst

Both cyst and hemangioma are appeared as high signal on T2-weighed image (a). On high b-
value DWI, hemangioma is appeared as high signal (arrows) and cyst shows low signal (ar-
rowheads) (b). Therefore differential diagnosis between them will make easily on high b-value
DWI without use of contrast medium. hepatic hemangioma with prolonged enhancement and
cyst without enhancement are also showed at delayed phase of contrast-enhanced dynamic MRI

(c).
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VT F =V ESEbak S e WA, D
W DFEIZ OV CTOFHMIE T E R WK ERD
. iz, BEELAFIv 7 MRITIE, VY
TP =V ESELE 5 27\ =8, [EENE
OEGBOFHEL CT ICHNREB LS TH LH0, i
BRFHEDEEOREL TR IHEGLH Y, HE
B AHY. —7, EEORRHIAEIEA
LRIFHRIIIE K ZIFANTHW L0, BB R
LAUILDHDR, 1~2 »H & HEgHRE %
B LHEMARETHESL. LI LT, 5k
PRFHIE R TIE,  TEE PR M R R A ST R
BLd %5 DT, MHNCHABRDRO D 5 B
TldMfaZE,n EA L, ADC E2EE % Rd
728, X0 R ORI ISHIE T 2

HHTHA (Fig. 12). ILEGRFAEGIC K 5 5
MR D TAE #OEEDEHE ~DIEH 7
L IRERR OFE R T, RERIROD - /o
IR L 7B SR OZ L WEIED A Tn 8
& Tid, FiFEOHHEEIC ADC 2 EE % R
L7cl LTWaBS . F/, R EE AT
BB O — AT % & L LI ADC
il b Sl A R L, W VA2 B Shizo
I LT, BEEFAFI v I7RETEIDEDMHE
XA OGN /ot blEL Tn5h. DWI
OIS & L Tid, mNZERES EOKS bk
Rl PIRZE ORI AR ThH 5 Z &l &% B
TWABD, TOFERIE, parallel imaging vEPf
LD DO TH Y, parallel imaging 2O ff

Fig. 12. 78-year-old woman with successfully RFA therapy for hepatocellular carcinoma

The whole tumor appeared high signal on T1-weighed image (a) and low signal on T2-weighted
image (b). This is corresponded to coagulation necrosis. On high-b-value DWI, this portion
showed distinct low signal (c, arrows) due to high ADC value. The tumor was not enhanced at
early phase of contrast-enhanced dynamic MRI (d-1, 2). The peripheral reactive granulation tis-
sue also showed thin ring-enhancement on the same image.
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5 (BEES) #Rd. TOFEmCoOWTIES
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LOFTRTCDWICREES (RERFE) 2R
9, ToWI TIRESZRL TWAH DL DWI
THEES (BEED) ZRLTwianwl &
5, Ti15#E%)HE = T2 shine-through O & T
1370 <, WA ImEIC X5 ADC B T A+ 7%
LD EEZBNS. BRKMICIESEREREST
FHIEERZ P23 <, LD EHn
L DODXFINEHEE L 72 AHE b H5, DWI
TREMPRLOIHVERES BERES) &
KL, TNLOXRFBESTHH EMLHFH
Wb 59 (Fig. 13). 7=72L, ZERapEaof

FICLRKICHVERES (BRERES) ZRd
L b, WimtEEER & OER ¥ SEBERL T
W B DB, ATE, BAREREFEAND G
FUHFI ¥ 5-1C X 5 nephrogenic systemic fibrosis
(NFS) 23 &7 > T 5D T, IR Tl
EUOREZFHE 5 C & HBAJEE & e ILIER
CHBESEW BN S,

5. RAEAAL - BEEFHIN (RAEMEEEE - IRE
mE)

GBI RIE & DWI TV a5 (BEES)
L, FRCRIEOREDEWITEFEE MM
I HEA BB Fex DBEBUHERBRICET S
TEEIMEOFHMRS Tl SIEOBREDRHRL 725
ICONTADCEPMETFL, FEELUEOLD
FIEHEAEOMICEBENRON . E/, B
TR S FEE L EOTEBIERIED B 58551,

Fig. 13. 57-year-old woman with polycystic disease

Bilateral markedly enlarged kidneys with numerous cysts were shown on Ti-weighted image
(a). Someone of these cysts appeared as high intensity due to intracystic hemorrhage. On high-b-
value DWI, one of these hemorrhagic cysts showed intense high signal with fluid-fluid level (b ;
routinely display, white/black reversed display, arrows), which was suggested acute phase of
hemorrhage.
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2mm P EORERE FFOEBES LV BRVERES
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FERRIEE TGS 47 (Fig. 16) 2 &nb,
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ARG Z N6 OBRETRETH 5755, RIEATE
B fE > Mg o L7 X % ADC fEO K
TR/ 7 W IC & 5 T shine-through %%
T EDEENTREIND.
6. TR (SPIO) &8 & OpFH
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Fig. 14. High-b-value DWI images (a-1 ; routinely display, a-2 ; black/white reversed display)
shows marked circumferential wall thickening with high signal intensity (arrows) at descending
colon. Colonoscopic image (b) confirms severe active inflammatory change with edematous,
bleeding, and ulcerated mucosa. Multiple inflammatory pseudo-polyps, which results in luminal
narrowing are also seen on colonoscopic image.
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Fig. 15. 51-year-old man with hepatic abscess

Multiple masses with intense high signal are shown on high-b-value DWI (a-1, 2). On contrast-
enhanced MR images (b-1, 2), these corresponding masses show peripheral ring-enhancement,
which is compatible hepatic abscess. Note on high-b-value DWI, high signal of hepatic abscess is
whole area. although, it of cystic hepatic metastasis is peripheral area (Fig. 16).

Fig. 16. 68-year-old man with multiple hepatic metastases from colon cancer
T2-weighted image shows multiple metastases with central necrosis (a). On high-b-value DWI,
the peripheral portion with viable cancer cells appears as intense high signal and the portion of
central necrosis demonstrates low signal (b, arrows) due to high ADC value.

%975, micoperfusion 75 ¥ OB L - T BV, L7=Ho T, ThHOE TId@E O
o2& ELN, BEICK > TR & DWI ClEg 2 i+ 52 DIZRE#TH D, ADC
ADCEARZEH A Wik EfEia R"d 2 &b EOZEDFIE O S TidEE O HICR R 2R H
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YO SRV
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@D MPG pulse #HIINd 505815 H 575, wH
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HIKIC W T INDBARE L > TETW
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IS CIE— I BTk L 72 & 212 ADC fill i35 Al
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GOE5HT LT, REKROENESR ET 52
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Fig. 17. 60-year-old man with multiple hepatic metastasizes from rectal cancer.

On DWI before SPIO-enhencement (a), three lesion of four metastasizes were delineated and
one lesion situated right hepatic lobe (S8) was not obvious due to small size. All four metasta-
sizes, including missed lesion before SPIO-enhancement (b, arrows) were clearly demonstrated
on DWI after SPIO-enhancement with higher lesion-liver contrast.
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Abdominal Diffusion-weighted Imaging : Basics and Clinical Applications

Hiroki HARADOME

Department of Radiology, Kyorin University School of Medicine
6-20-2 Shinkawa, Mitaka, Tokyo 181-8611

Both clinical introduction of parallel imaging technique and development of gradient hardware al-
low high-b-value diffusion-weighted imaging (DWI) in the abdomen as in the brain. High-b-value
DWI is mainly reflected in true diffusion contrast without interfusion of T2 contrast (T2 shine-
through) or micro-perfusion effect. On high-b-value DWI, only pathological lesions with low apparent
diffusion coefficient (ADC) value, such as malignant tumor, can be delineated as areas of intense high
(abnormal) signal without contrast material. Although the clinical application of high-b-value DWI in
the abdomen has just begun, it has several clinical uses, such as the detection of malignant (metasta-
sis, hepatocellular carcinoma, and others) or non-malignant lesions (e.g., hemangioma, abscess) ;
differentiation between benign and malignant tumors ; assessment of therapeutic effectiveness (e.g.,
after TAE or RFA), detection of acute phase of hematoma ; or evaluation of inflammatory bowel dis-
ease. In clinical practice, high-b-value DWI is also feasible in a single breathhold or non-breathhold
and provides additional clinically important information without contrast agent when added to routine
abdominal magnetic resonance (MR) sequences. This article will review the technical basis, scan-
ning methods, imaging contrast mechanism, clinical effectiveness, and future prospects for abdomi-
nal DWI.

TAE ; trans catheter arterial embolization
RFA ; radio-frequency ablation
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