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5. BREIOT: @25 HEHEY, OFR - 1
WOFENE, OBEBHPER, oo
HEEROMBTH A0, BRTODWID
FR PRI O%F 2 7T E R aIsIc ¥ U ¢,
T4 K &% b E%A AL TD ADC FHEIZAE W
tixrEBRbNhA. LaL, HABYNtissue
characterization ICE g A BN 5 & T,
DR TERIT BB CHREIC = DD& > 7t
FEEBH LN TWS. —2%, Muller2®,
3 LU Namimoto?D O HEIC RSN B LD,
B % AR AR KE 2 b EA
A ADC #flE, EELTAHE, b>—D
BEADO LI, HBERRETHILICLD
BOWZERLU-EGRIV FSA M, BEN
I WRTRE B R AR L e S AT Ind A 05
TH5H. MEOHEITADCOKEIZEEE
~9 % ADC map (diffusion map & &MEEH
%) BEET S b2 F . Muller,
Namimoto 5it ADC DEEBDE 2 FicED

ERFERTY, & EERBSETIchTNnRL S
ADC #mR L, 2% ZI4E U AFEEITIETR
BERRLAADCERT I EEHRELTW
5. BxOE» O AERLBREAELN, K
BRFAES T H VW AMRIZHICE W T,
ADCHBEIZERTH S EERmITTLuhd
Lz, BiZ, TOADCOEWCLD, I
EEIIERICEFNTETH S EPHEINT
WA T EIFERICfET 582D,

L L, TeEOFEE EDOBEDEFHS
EBDADBEIEIIERIICIIER LT
ERHHBATH Y, RENICRHERTEE L ER 2%
FEITDLEBBETHAOD. B, FEO
DWI TR OFE L FITEATE S, &
BRpic, BlzIiTFEE L OBE TORFAETIR
KELEBEDED L EnD, EEILOAE
STeBMIERTH 5. SO LidRL - W
EHRETOHET, K& ADCEDPEL S
EPDOLIMETES. EIIERT T2 E R

Fig. 1. Hepatocellular carcinoma.
(a-f) diffusion-weighted (DW) images with single-shot SE-EPI using b value of (a) 1.6, (b) 16, (c) 34,
(d) 55, (e) 304, and (f) 1192 s/mm?.
All DW images show a hyperintense huge lesion in the right lobe of the liver. The signal intensity of the
lesion gradually decreases as a b value increase. Note that the signal intensity of the liver becomes
equivalent to that of background noise with b value of over 300 s/mm?2.
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B R D E W, EEICHRERICEHE
WEETREREE LD LT ABER, TReAR
LEbEEARELTAILIIREETHS. Hx
DB TIE b E A 300 s/mm2 DB 4, FFE
BoOEEBREIZI# S (background noise)
level 72 %5 (Fig.1). L7=A-> THEHT
DWI = 3 5841%, ADC #5E 5453k
O DWI OFHE T L IZ BT - 7o 2 T HRBE
EEA2ETEZ TS, T~ id 50~100 s/mm?
DTREONIZbEZHY, EREEOR
BEBRTIET, IV SR MG REESEVE
BB TWAEY., Tk Tk, T2 perfu-
sion DFEN K E\ 2, ADC BIEICiZE»
0, FBEEOESZEL (Fig.2), FERE
HIRE (BIC T2 EOFE\ solid lesion D #H
#8) (Figs. 3,4) MIRMMTEFIC X 5 XK
HEE5EL (Fig.5) 7 ¥ OffiH#aEIL FSE &
k2 TR L VBN TS, 2EETIC
BRIk 5 ADCE Y« DREME &
Muller?® O JlEE % I L THE T 5
(Table). ZC T, WEMITHEMETITRL,
TR L7cAK T8 b OIEEAEB D@ %1078
mm?/s) HHEZLE, NS bEEREWE
DWI CEHll L 7-F « D BIEEIIZEBRE D
BRLOELEVWEBDNEN, ok
bEZHAWTEHE L/2H 4« D ADC ODFERIT,
Muller D% & ZOEMIZA L TH Y (Flx
X, BEEEIEFIC X T2 28 < perfusion & %
Wiz, ADCIIBEOT P LD K& W H#
Blansd, ERETEIERO ADC 1Z5EEIC
EFFD ADC L D/ \Win ¥ OfER), %47k
DEd, COREBLAZDWIOEZKIY F5A
MR COBBOENIC L 23V F TR
FAMIMENTWS EEZ2BNS. BITEED
SE # T2 558 EPLICE L, MEOHRES O
PJ @ periportal hyperintensity 2814l X f, FF
EEEREPZEH LT ks Vo o
234850, B{bBE (magnetization trans-
fer) % Tefiltering )R EICLD, IV S
A T REEAT R 5 FSE #: T iGFAE & %

JEH
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Fig. 2. Cirrhotic liver with a regenerative nod-
ule.

(a) breathhold Ta-weighted fast-spin-echo
(T:W) image and (b) Diffusion-weighted MR
(DW) image with single-shot SE-EPI using b
values of 16 s/mm?.

(a) Irregularity of signal intensity in the liver is
not clear on T2:W image, though deformity of
the liver compatible with cirrhotic liver is re-
vealed. (b) The signal intensity of the liver can
be retained enough to interpret on this image.
On the DW image, network patterns of signal ir-
regularity with a dominant in the left lobe can
be clearly revealed. These findings gradually
become clear as b values become large. Note
that a regenerative nodule at the lateral seg-
ment of the left lobe of the liver is more clearly
demonstrated on the DW image.

OB & U TERKNImES L & (Fig. 6).
CO/NE 7 b EE AV DWL OBE, HEiC
BLEE L TinwWraunold, BEgLER
INHEBEa PSS A MEEE LTEBED
T:BEOEIC L B7-0, AENEEEOETIR
FELLTTh:EOBVVAKR CHIE L 5
(ADC O K/NZBAfRZVY) & TH B (Fig.
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Fig. 3. Segmental signal-intensity difference (SID) due to portal tumor thrombus (PVTT) of
hepatocellular carcinoma.

(a) breathhold T2-weighted fast-spin-echo (T2W) image and (b) diffusion-weighted MR (DW)
image using b values of 55 s/mm?.

(a) Slightly irregular signal intensity area in posterioinferior segment of the right lobe and the
entire left lobe of the liver is seen, but SID area can not be clearly revealed on T2W image. (b)
On DW image, SID area can be clearly demonstrated.

Fig. 4. Metastatic liver tumor from breast car-
cinoma.

(a) Breathhold Tz-weighted fast SE image
(echo-train length=23) and (b) diffusion-
weighted MR (DW) image with single-shot
SE-EPI using b valule of 55 s/mm?.

(a) No definite focal lesion can not be revealed.
(b) Small nodule at the edge of right posterioin-
ferior segment of the liver with high-signal in-
tensity is clearly demonstrated with excellent
contrast.

7). L7=- T, FiEOBE, To DWI O ALTWAEEZLNLY, BERTIIHER
Bav FS A FOHEET, EE LUTREICHL TEZW. WEhIc® &, EEICkIT % DWI
FEEOEERL VHBMIET T4 &IT DERIGFIBE > 723» 0 TH D, BEEROM
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Fig. 5. Hepatocellular carcinoma.

fEHR

(2) breathhold Te-weighted fast SE image (echo-train length=23) and Diffusion-weighted MR
(DW) image with single-shot SE-EPI using b values of 55 s/mm?.

(a) HCC at right posterior segment of the liver shows iso-signal intensity relative to the liver
and can not clearly be demonstrated. (b) While the tumor also shows iso-signal intensity on DW
images as (a), it can definitely be identified because a fibrous capsule of the tumor, which has
small ADC value, may show high-signal intensity. In addition, high-signal intensity structure
which may represent fibrous septa can be identified within the tumor.

Table. Apparent Diffusion Coefficient (ADC) in Abdominal Organs

ADC (mm?/sx10-3)

Tissue

our results Muller et al.
(n=61 patients) (n=10 volunteers)

Liver (n=23) 2.28+0.27 1.39+0.16

- liver cirrhosis (n=38) 1.96+0.62 0.9-12 (=2
Spleen (n=56) 1.44+0.26 0.95+0.15

- splenomegaly (n=5) 5.63+1.85
Pancreas (n=59) 1.94+0.19

- acute pancreatitis (n=1) 8.54

- chronic pancreatitis (n=1) 1.49

- pancreatic cancer (n=1) 2.74
Kidney (n=61) 5.76+1.36 3.54+0.47

Note: Numbers are mean *standard deviation or range.

RPBRSABEBIC DWW USSR R B 57
DI EICEHOBEHNMEL R -RTE bR
THHD.
(QMEW S FAE B (perfusion-weighted imag-
ing, PWI)

PWI %, OMR EEARAICEES T MR
BRIk 2EBSHEHZFIHE T 5 (positive en-
hancement), @MR BEFHITAICH S BLE
754t (susceptibility effect) IZ L ABEESE T %

FIFA 4 % (negative enhancement), MR &
EHEHWY, mMEXIRERE TSNV
(spin labeling) %, HEOHFELED, B
AR (MEERCEEOMER) HSEIERRET
H5. O ELRBRBICST 5ERB T4 Tk
HEB LS5, FICZOFEG MG R B—
EOMER % b0 B RWEIR (EEIR, BE
W7z ¥) #8% 452 5%, BEET
i, ©, QOBERE R WICHIES—BITTH
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Fig. 7. Hepatocellular carcinoma.

Fig. 6. Hepatic hemangioma.

(a) Te-weighted (non-diffusion) MR image
with single-shot SE-EPI image and (b) diffu-
sion-weighted MR (DW) images with single-
shot EPI using b values of 55 s/mm?.
Markedly high-signal intensity mass is demon-
strated at right anteriosuperior segment of the
liver on these images. Though hepatic heman-
gioma showed large ADC value in this study, as
noted in this case, degree of signal loss caused
by diffusion effect for hepatic hemangioma is
visually small because of prolonged Tz value.
Note that markedly high signals from vascular
or perivascular structures in/surround the liver
as same as that of the hemangioma on (a),
while these signals disappears on (b).

(a-c) diffusion-weighted MR (DW) images with single-shot SE-EPI using b values of (a) small (1.6 s /
mm?), (b) medium (16 s/mm?) and (c) large (55 s/mm?).

HCC at left lateral segment is demonstrated as high-signal intensity mass on these images. Compared of
hepatic hemangioma displayed in Fig. 6, degree of signal loss is visually large because of relatively short
T2 values. Note that signal intensity of hepatic cyst at left medial segment of the liver does not visually
be reduced because of markedly prolonged T2 value as well as the hepatic hemangioma on Fig. 6.

%. EBEICIE, MRIEEX (EREEDE)
FEERETLILICLY, mEROK ST T
VOB — B ICEEI RS LI KD
PWI 8] BE & 72 59~D9 . MRI &K & LT
HEFVZTABHABHNSNER, 3HOHF
U= AOESALEWIT, SV EVREBDS
bk b EMWE R (paramagnetic) #7R L,
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s T BRI R AR 720, HRM
R T EABES CEBROBEE X LR xRS
(positive enhancement) ¥ EH| & L CTHH X
na. Lal, BESSVWES, TO%RIE
T EREL D Te BMSRPEBML L 5. F05
BEA FY = ABSRBOMER % @8 5 &
&3, BMMERBEOMIANK & ORIk X7



BtEOZE BHLERHR) 1T L5 REAHBEO
RH—BEL, FHRE LT T HRER CES
PMEFTAH. COLEOFEEEETAET S &
IZ& D, HREInEE (B ZEGLT
HTERTESL. HFUZULDMITENREL
CT A (3— FEFH) & REEHRENT
B0, MABIEE BRO S bLICHEINRL S
WRED, BREMICEMENE (REFakBR) 125
M H. Licho T, IEMEICIEINIRKKEIF
(blood-brain barrier, BBB) #&##/=7%\ E5BiE
FTH, WRrERTEET S LIIEETH
%05, EPl OE#EME %% B T NTERMICIE
FIEREE A it BBBREET S
R CIx, HFY oD AR - mESR
IR L7\ /z, first pass T—@MEDE S
ETOV—7 B3R ESEEIRDONSC
EDBFIBNTWAY, kil L7k 51 BBB 2
HFE L WETHEZTIE, BREOSBICH FY
Z LA NE AR GRED 3 570,
FEMME & FREERS & ORMLE B3 5 7l EE
MERD BHM. L7H - T, GRE (gradient-
echo) ¥EIZ &% T EREGR % AV T HERD
IIES PWILIZ T RIRE CTh 5208, FICTKEH
SfEREsE <, D, BLEHRICHMTH S
EPI B L VBB TH 5.

EPI D/N)V 2R 5w 7| Tk, £&
LTI /IVADA %A % GRE-EPI O/X
WARFNZRWTITD 72, SE-EPL XD EIC
T — 2 IERHEAEMHINS. GRE-EPLiZ3
NCOBBEDOH TH dEE» DHALERZRIC
SR VARFITH D, TV LABREE
I MBS~ IR 9 5 BRGEBLUA O FEIR T & ¥l
BSoOBEREE L. FBRICIE SE-EPI
TRAVWTHERBARIIAENETHS. THH
DI PRWIMEDMRDFEYZTITS L, K
D EMMAERZ KIS NS & Wb TWA R,
Vi WVEERETAVABESLb T ERE
ZEBLT 5541% GRE-EPI O X V) 8
ThhH. HrARICHE A DTN S EREHRE
BO®BE/NNS5 A =%, TR/TE/FA=0/32/

JEER

90°, |BEAT A AWE=10~15#, iR
=117~1.76 B THh 5. EIRAFAE R DOHE
¥, 0.1mmol/kg DA FVU = A (/i3
KHAREOBILY R F (superparamagnetic
iron oxide, SPIO) O&E#EHE 3 ml/#) DB
REEB LTI LT 5. BERE» Db
% X 21C GRE-EPI CiZ, £ % 2 LT CTH
BAERETHHDT, HFU T ABER, 20
Tric 8 BE e ERERB T A TT-
TVa.

BEHEBRIC T 5 PWI OIGHEICEE L To%k
EiX, BYWERL NIV TOREITDH 5529,
ANETO DT NERH A ORER B HICTE
TWTe®, ZORRMF RIS DWW T DWI
L OHERHPE L. PWIICK T AEEEIT
ZEE AR L UEE THr7z  BIMICEEI N
AHDT, WTNOEE THERKIGAEE & Bb
naH, &LREHEESECIPBERZBRES X
U, OBEEOERICEVEGERSHLTHI L
D HEHIAD 7, QOIEEICH LIEEHEROE
BBV, 7n EOBEM GIFE T O
ABRES LD EEZ LN, FEEBICEEL Tid
ZDEBEATEEE CEBH /NN —ER
LERICER CTH 5 (Figs. 8~10). %7,
PWILIC KT AEEEITMERDOEFHRED
AR 572D, BEOMAEIR (vascular
bed) ZIEFEICFHECTE A2 &b, ZTOEK
Tt rrET HSBICOER EBbNnS. COR
T, RS MREENE £ DOEEAR A vascu-
larity & MESEBEOBEHROBRE L x5,
DO GRE ¥, &k Y F¥ 4 /& 7z dynamic
MRI (%<3 Ti e ReFA L, TG
1220 P ICfmiERE 52 5. &, A
BOBFFATLRWVESETARL, METDH
BORE LT, o/t AUy Fddb
5. BEADBVIRGETZ OB SEITER
NOBRFERF O T EMERHRIC L 2 HEITD
BB, B TehE COBRFEFANC LD Te
BRI VEBRICKMINTLSS. 2D
ko, BEHORIZPWI TOREELEIZK
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Fig. 8. Hepatic hemangioma.

(a-d) gadolinium-enhanced perfusion-weighted (PW) MR images with GRE-EPI obtained (a)
before enhancement and after start of enhancement (16s (b), 22s (c), and 88s (d)) with

gadolinium of 0.1 mmol/kg.

PW images show peripheral nodular centripetal signal intensity (SI) decrease within the tumor
during perfusion phase. SI recovery after the perfusion phase was more delayed than HCC dis-
played in Fig. 10 due to a T2-shortening effect caused by gradually increasing pooling of gadolini-

um into the tumor.

EREER5 2 5720, HIICE UEERHEY
ERTHILBPUNETHS (Fig. 11).

PWI REEICEE LT EPI /L A RFI D IR
ETiav 5 A (positive enhancement)
HRAWANE D, BaAPBEL/I-L DI T 0
v F 5 A I (negative enhancement) # F\»
BHREMI N LEICHRFABUNETH 5%,
DRI B 5 ETRRE R O 52~ T,
FERRVEVSHENZINTWAER, Ih
OB BTC % BB B0 DR (iR EEW)
2k, FBEZEE E ORMEEDHRIC L 5 EBA1L
DELWT EEEZNTHBS NS, 2L,
BB BRI MO APk MGEZ: &1 E
CARB &N, 7D negative enhancement % F)
AL TWA7®, OBk,
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IriES 2R (Fig. 12) < T @HAEG TaEiES
LT BIRE (BB T &2 ) — VAR
DOFEHE, B CZUFFRaE7: &) OBIIRIMTE D
B MICRHiCE 57 &, BEDOX A I3
v 7 MRLICE R E#Hz s 5 & LWk
TH 509, ERFORIRICE L ThSHIK
NPMETHA. kR Lok, HrU=ZY
LTHEBEEM R R, RIS M SN IR e
T 572, 7z& %2 GRE-EPI # /- PWI T
LINBEDEE(LITE L. oA TmEM
W L7\ SPIO # Fvwhnid, BBB #/-7x
WHEBTHIERICEREY ERBILTE S E 2
bhn. SPIO &% MRIIZEHRIICIE CT dur-
ing arterial portography (CTAP) & RIZICHF
EEARETELRNDERELTVDH, TAD
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Fig. 9. Metastatic liver tumor from gastric carcinoma.

(a-d) gadolinium-enhanced perfusion-weighted (PW) MR images with GRE-EPI obtained (a)
before enhancement and after start of enhancement (12s (b), 16s (c), and 40s (d)) with
gadolinium of 0.1 mmol/kg.

The signal intensity changes are not definite throughout the PW examination. From these find-
ings, the lesion can be diagnosed as ‘‘hypovascular”.

Fig. 10. Hepatocellular carcinoma.

(a-c) gadolinium-enhanced perfusion-weighted (PW) MR images with single-shot GRE-EPI obtained
(a) before enhancement and after start of enhancement (12 s (b) and 32 s (c)) with gadolinium of 0.1
mmol/kg. The signal-intensity (SI) decrease within the tumor dramatically occurs during the perfusion
phase. The SI of fibrous capsule does not change throughout the examination. SI of the tumor rapidly
recovers at the same level of that at precontrast (a) after the perfusion phase (c).

RS EEOWERBRS (vascularity) 1IZZEDW ODEBILEVS B & FAKIIC, SPIO &
FENZEHARETH S EVWD T ETHA. L MRI CTOEE OBHIZE &\ 5 BRIKHICEER
=55 CTSPIO T k 5 PWI 0BT, E\RE TERETLEOILILRLEEZLDNS
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Fig. 11. Hepatocellular carcinoma.

(af) gadolinium-enhanced perfusion-weighted (PW) MR images with single-shot GRE-EPI obtained
(a) before enhancement and after start of enhancement (12 s (b), 16 (c), 22's (d), 40 s (), and 60 s
(f)) with gadolinium of 0.2 mmol/kg (double dose).

The signal-intensity (SI) decrease within the tumor dramatically occurs during the perfusion phase. Fi-
brous capsule shows delayed SI decrease and is clearly identified on (e) and (f) because arterial blood
flow may not directly enter this structure. Major cause of SI decrease of the fibrous capsule is T2-short-
ening effect produced by drainage flow containing dense gadolinium.

Fig. 12. Portal venous tumor thrombus (PVTT) related to hepatocellular carcinoma.

(af) gadolinium-enhanced perfusion-weighted (PW) MR images with single-shot GRE-EPI obtained
(a) before enhancement and after start of enhancement (14 s (b), 16 s (c), 185 (d), 26 s (e), and 88 s
(f)) with gadolinium of 0.1 mmol/kg.

The precontrast image (a) shows segmental signal-intensity difference (SID) in the right lobe of the
liver (main tumor is not shown in this image). On this image, PVTT can not be identified because
PVTT shows similar SI to that of SID. The PW images after enhancement clearly show PVTT in the
right branch of the portal vein as a SI decreased area during the perfusion phase, because PVTT is sup-
plied from arterial blood flow. The diffuse SI decrease is also revealed within the area of SID due to in-
crease of the hepatic arterial supply in compensation for the decreased portal supply, which represents
pseudoinfarction of the liver.
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Fig. 13. Hepatocellular carcinoma.

(a-f) superparamagnetic iron oxide (SPIO)-enhanced perfusion-weighted (PW) MR images with
single-shot GRE-EPI obtained (a) before enhancement and after start of enhancement (12s (b), 14 s

(c), 18s (d), 40s {e), and 88s (f)).

The precontrast image shows a hyperintense tumor at right hepatic lobe. The postcontrast images show
the transient signal decrease within the tumor continuing for only several seconds (shorter than that
shows on PW images with gadolinium) in the perfusion phase. The signal intensity of the tumor in the
perfusion phase becomes lower than that of the liver. In addition, the signal intensity of the liver also

rapidly decreases.
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Clinical Applications of Diffusion and Perfusion Imaging : Abdomen

Tomoaki ICHIKAWA, Tsutomu ARAKI
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Recently, single-shot echo-planar imaging (EPI) compatible with a standard MRI system has
been introduced in clinical practice. EPI allows diffusion-weighted (DW) and perfusion-weighted
(PW) imaging in the upper abdomen due to its short scanning time. For these reasons and others,
this imaging technique has been applied to a number of clinical situations.

DW images with a single-shot SE-EPI sequence may be useful for evaluating abdominal disorders
due to the excellent lesion-to-normal tissue contrast compared with that of Tz-weighted FSE images.
In addition, DW images also prove to be useful for more specific characterization of different kinds
of lesions. Therefore, we recommend that DW images be added to abdominal MR studies because
DW images can compensate for the insufficient soft-tissue contrast obtained in Te-weighted images.

PW images with a single-shot GRE-EPI sequence and gadolinium contrast provide useful
hemodynamic data pertaining to the upper abdominal organs because of their excellent temporal
resolution and susceptibility contrast. In addition, this technique may prove to be helpful for charac-
terizing abdominal disorders in which the temporal pattern of signal intensity differs from one
another and from normal abdominal organs. Moreover, tumor vascularity can also be assessed be-
cause the enhancement effect chiefly reflects the presence of contrast agent within intravascular
spaces. For these regions, PW imaging with gadolinium contrast agent is useful for both the detec-
tion and characterization of hepatic tumors. The major drawback of DW and PW imaging using EPI
techniques is the relatively low spatial resolution. It should be understood that the findings of the
present study are preliminary, and that further studies are needed.
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