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R EPEETHAS. LicPoT, FFIEREER
D F A # 1% 13 , MR cholangiopancreatog-
raphy (MRCP) OEA ZBR\WTIILIET & 1E &
AEBERLTORVOBRERTHS. AT
FERICHRHT MR $E & A L CER MRI 2#r
BT AHED, 1) BEOERFEEOHER,
2) BFEMOBKIGH, b THIzmx
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ERRGE

EFMRERE (7—XF7 VA3V

Y 4dr) 1Tk AES MRI ClIERICER
EIETREICCED T Fa— )V EERTNE
TH5. BErhd, HEfERE L TEROR
SRR ERITO L0, BHICEREIE LA

BABPICEBNTHS. oTI Py 7R
¥, 254 ABH, TR R ¥ O&KYy—r AN
5 A — & —1% 20~30 BREE OHF G % &R
KEBWTERTNT L. BESEEICEHBHS
BBV —r 2V AOBET X I BRG]
BTHLDB, TOHHEIEBRDS/N LOFKR
AEVEEZTTS.

1. P&

AI OB, T T MRI 24884 5 EOx
SEBIIFMBAE HCC) ARBRETHY, *
DO EMTREDOEE &R - OEFITH 5.
HCC & MRIZWrickir 570 +a—ig,
HCC BIFBAEDOHFETICHEL, »oEHO
MITERRAEBEBRTH A E VD 2 A0, BE
MRESCESB L VWb DEZHT 584 &
D, BT EFO/O Fa—)VIdBEHCERS. O
CTRHCCIZBIT AEED T Fa—icD
WTRNS Z HICT AR, ERTRER & FERE,
1) Ti1 3G (TWD), 2) T 5858 (T:WI),
3) XL FIv 7 MRITHA. /=721, BHED
BERERE L VEONSEBOR & HCC,
HBICRIRED MRI G5 O L <EMEL
7ebT, ZTOFERY - VAENRGA—F—%
WETHUBERD 5.

1) Ti5&3EE (TWWD

BHIFFE £ -3 8ERE (S LI R

#*—J— F abdominal MRI, fast MRI, MRCP, EPI, MRA
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AREERSE

PRERBERG Y TEOMLE SEHT LS
—HLEWbOD, TIWL TEES &k 5 &
BBV ERMBN TS, TOREE LT
i, BB, MREEOMMN, Mz
BH, OFEZEBRBEI N TWES
O, WFN L —TIZ OB HHE T
Tz, BELL INLDORRBEEHICEE
LTWwWADEEZLNADL, TNHLOHTHE
BERNORREOFEEBEICT 52 LA MRIT
BRI TH 5. TimfEs Lz AREEOZKNIT
BHEE, BEEOSEP L GRE H&IZ k5 ThiWI A
HERETLBHMB, FSEEIC LS TIWI B EN A
BEbb5. BEHABHOFEEZE S LTRED
PO B B kL, in-phase H{# & out-
of-phase B OWELTRBE T A L TH 5.
out-of-phase B O I, EBEAE OZ
T4 b A A, in-phase £ C R E K7 5E 6
(JEBFEHDI-DEEE L kAL Y) OF
EIZ b E 09 (Fig. 1).

2) T25@3 % (TWI)

T:-WI CEEBEZET5HCC THZTDERF
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SOREIMLOBRE (BB nEE:Y) Ik
LEBETHD, T:WIDHCC O#HE (Hic
BERZ) B EBERIC L 59 15% ~40% BE
FENC EBEMENTWEID, L LEFD
—77 T, HCCIZkBiF % T:WI TOREFMET
SALEICHBET 5 Z L BN TV ST, E
& LT TeWIE HCC O Tid iz < &4
TEOHELX B E LTHRIZEINS. Lal,

NREETOREAY Y Ta—% (FSE) i1,
BRWIa—tlA v (ETL) ORI L AR
1t# %) (MT : magnetization transfer) ZjHE
Tz filtering 72 Y OB G #ER L+ 5@ H
FOSAPDETICLD, FEROAY YV Ta—
LV ILICEDOBHREIRE S LD Z & &R
LTBL I EREETHS. COEBaV S
APDOETREBICTWITREEES 5
KR (BRIR b, WBESPLERP—ESbE S0
BEW) OBWRRIETZHEL. Leh-T,

FSE © TE, ETL i3 i TN & 2% 2
bhs (TE=100ms LLF, ETLIZ 7L TIC
TRETHD EHEINTWS). FERAICIEL,

a
Fig. 1. Well-differentiated HCC.

b

(a) In-phase gradient-echo T1-weighted image (170/4.2/90) dose not show any lesion. (b, c) A
small hepatic nodule at S5 is demonstrated as hypointensity on out-of phase gradient-echo
Ti-weighted image (170/1.8/90) and as hyperintensity on fast spin-echo Ti-weighted image

(900/9, ETL=4).

1997429 B 3 B 1
FIRIFE R
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ETL % 15 LAk & 72 5% &1L T FSE 7208 T
BA+TSTHY, EEEIY FT A FTHEDOL
&, PelEEl FSE 2t 4 % EPI 7z & #HFH
T5ZEREE LW (Fig. 2).

3) &FF¥ 433y MRI

Pk S AN TW5 FLASH, SPGR
LW ltEES ST 4 TV T a— (GRE)
BICEALFFA 3y 7 ERIIBRICEE
mEL, MRIOE# Lz b5 A M5 ERE
TR LoD, WREIETTCT LARRVE
BB ERENEONS L DIk, TET
5. BEOFE MRI ZHIC KT 5 ERIT IO
GREBICE 54X A4 F 97 MRITH 5.
BHRICBEI LT, FErENEAETRDZ VD
DO, BHETORBREIFA Iy 7 MRI
B, BPHETORES (BE) XA F3Iv7
CT AEBNTWAERLDAY. BEEDRMLIC
PN, REROSREE (128x256 BE) Ti T
SZWERE TR B AHD, 2D, BIVOD
HCC oytg (Fig. 3), BAMKE, FHIFE
& OEFIHE & 75 5/ N NFMEBEORE - R
D= DI E S REeft (256-512x512, H7c
1% 2-3 mm O thin slice) AEE L\ 101D,

2. fR:E - BERE
COEBRIIEZRTHIADR D #HOc®, iR

Fig. 2. Conventional HCC.
(a) Fast spin-echo Ta-weighted image (2000/80, ETL=24) fails to demonstrate a le-
sion.
(b) Multishot echo-planar image (2000/80, 4 shots) clearly demonstrates a large,
hyperintense mass at S8 in the liver.

LR

BT RS 2 o TIWI, TeWI TiZ CT Tt L
THMBERTIES Y. AEOoRAY,
MRCP OEHED~182 L 0y, i MRI DK
FIE A A L L7k Th 0, CT LORR%
#25ETh, BEIZIOMRCP ##he LT
E2AHNETHDH. FEIH TS 6ICEHH
& T1Fa% FS-TWWD) EEHRREX A F 3
v 27 MRI LB 70 7

1) MRCP

MRCP OFgRAYAE FHICRE L i3 IEmEL
TN EELZTRWEYD, T2 TR ERE
+ 5%, BfEZEWETL # 5 FSE, #i
1254 A 2B E WO BEEY — 7 VATH
% single-shot FSE (HASTE, FastASE,
SSFSE 7z &) 23 A arRe & OB A\,
CHAERICEDDOBH BB, ZOY—r
VAT, —EOR VA TEROBE GRS
KB T7 =I5 VO¥GICHEST 5T
—fE5 (EBE¥smora—) BEL, &
V507 —1) TS5 4 /1 half-Fourier #6512 &
NELNA. 1 A5 AWK 2 B TR TRE
THID, BATA AIBHEOEERLITEAL
FT, FREEATRELNE, wEE, BE
CEAECEEEL MRCP £ B5n%. £
BoOFRICE LT, @ ES - MIP B

-
[

447



AR $17575 (1997)

Fig. 3. Small HCC (intrahepatic metastasis).

(a) A small enhanced lesion is clearly demonstrated on high-resolution dynamic MR
image in the early phase (170/4.2/90, matrix=256 x 512). (b) Dynamic CT image in

the early phase can not detect the lesion.

E/RALICODTIINVFATA AWK & HEHE W
1 254 ATEHRBERBT 57200V V7 )
AGA AEERAEDRDL T LICED, BN
BWHRE B KATTE 51920 (Fig. 4). —iy
I BT, TRETC<VF RS54 2k, K
&, BIEEOEIC ALY HRDY VT IVA
4 ABEREBEBRE TS & K.

2) BeBG#El Ti %5R& (FS-T:WD)
EEEIEENOREREEEKDFEDD
FS-TWWITERFE 5. BEIEEEE2E
T520, BEELEL LA Z0aV/ FSA RN
BREOZHNCIZERTH 519, HRIC AR
BOBRANDEREZE CIX, ¥4F3v 7
MRIEAREZZ E b5\, Lo L, BEEBE
DBENICBWTIE, OB+ 5%
PEIBHEREAR DG L AR EE S 22T 5
b, TOFREBLIUHEREZINCIIF A F Iy

7 MRI 3B & 70 5.
3) #4733y MRI
AL RE CIERABE L T B X 57
BYERESS ZREAE L O\ B EEERDE Tld, ESSER
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Fig. 4. Mucin-producing pancreatic tumor.
(a) Fast spin-echo Tz-weighted image (2000/80, ETL=24) shows a unilocular cystic
lesion at the head of pancreas.

(b) Thick single-slice MRCP image with half-Fourier single-shot turbo spin-echo se-
quence (HASTE; o0/87, echo-spacing time=10.8) simultaneously demonstrates a
multilocular cystic lesion and overall pancreatobiliary system.

(c) Reference lines for the multislice acquisition are decided from the thick single-
slice MRCP image.

(d) One of the sequential thin-slice MRCP image series with HASTE sequence re-
veals a connection between the lesion and main pancreatic duct.

Fig. 5. Cancer of the pancreatic head.
(a) High-resolution dynamic MR image in the early phase (170/4.2/90, matrix=256
% 512) clearly shows a hypointense area at the pancreatic head. Spicular formations
with low signal relative to normal pancreatic parenchyma on the pancreatic surface (lo-

cal tumor extension) are also seen. (b) Dynamic CT image in the early phase can not
detect the lesion.
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YE L\ L, ThEERT5-01I23,

Tr—AFT7 VA S LRBESGRERaM L
BABDOH PV AMERIC LS S/N OHfF
BILE & 7 51 (Fig. 5).

RFTBAT ORI

1. Ta—7/5F—A4 A=y (EPD

EPI OE TR FMITEFE 5 52, EPIO
#8503, (1) high temporal resolution (2)high
contrast resolution, (3) high susceptibility-sen-
sitivity IZ kBl s h 5. EPL O#B&gEiI A=<,
single-shot & multishot ® 2 DiZ 43 F 61,
ETEOFERARIIRLS. RIETLOE-L
MEFABLTEE LT, KEGERES
(diffusion-weighted imaging, DWI), X 5iZ(3)
DEB L HAEDR B LICK D FRE L IR H¥E
Wik R E B (perfusion-weighted imaging,
PWID) ic, #%#ElL, EPIBROEBRL L E
WTEAZEDDE, FELTEEDA A=V
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TRERBROWS DT, LicB-T,
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1) Single-shot EPI

(1) EGEFAEE (diffusion-weighted imag-
ing, DWI)

RZENVHAD S/ F LlsKOB & #HET S
diffusion gradient & /¥ 5 EARESE © A
vIa— (SE) /VRFZRFID 180731 A D
BICRFRBICEHMS 5 212k D, ABERD
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BT BT BKGF OB IEF ITHM 2 DO
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TH 5721, DWIid bulk motion ({XF,
HILEIRENER), LB Y) OBEIKE
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ent diffusion coefficient (ADC) #&+E&E 4 5.
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TWb 2%, BEHESRE TER P DEW
®, K&7%bfactor %\ 7c DWI BT
7w, 4 O Cid b factor 75 400 s/
mm? D5, FEEORFESI#F (back-
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FETWAN® . ZOFETIE, T2 perfu-
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Fig. 6. Peripheral cholangiocellular carcinoma.

(a) Half-Fourier single-shot turbo spin-echo Tz-weighted image (HASTE; o0/59, echo-spacing
time=4.2),

(b) Single-shot spin-echo echoplanar image (EPI-T2WI; c0/59, echo-spacing time=0.6),

(¢) Single-shot spin-echo diffusion-weighted echoplanar image (DWI; o0/59, echo-spacing time=
0.6).

All images show a hyperintense lesion in the liver. Hyperintensity of the lesion and segmental
hyperintense area around the tumor due to bile ductal obstruction are the best seen on DWI fol-
lowed by EPI-T2WI and HASTE, respectively. Note that hyperintensity from vascular and perivas-

cular structures are suppressed on DWI compared with EPI-T2WI.

HREDRBE LT b V- FR B 5
e B2, R TIEDWIONG A, non-
DWI L0HELTWALEDbNS (Fig. 6).

(2) Perfusion-weighted imaging (PWT)

PWI & %7z, EPI OERHSBEYH W5
CriICkDARETHS. PWIE, (1) MR &F
FIRAGCHES T ERERRIC X 5 EHER T F
Fi4 5 (positive enhancement), (2) MR &5
FIWAITHED M OWALERE L (suscep-
tibility effect) W X 25K T EZFA T %
(negative enhancement) , (3) MR & Z# %
FAWg, Mm% IR #:7 ¥ 5L (spin label-
ing) +5%, HEDOKHEICKY, FFTMmMKE (B
ERCEEOMEIR) HHET 55, MRS
LA TIE, (1), Qo0& ERWIHERE
FLTHWSRTW S~ mE—H /N
7 — R Rl EEE T, MR 7% perfu-
sion effect DEEILIIRETH 55, ZOHE
TEMMICIRZ 5 2 LR ETHA. INEF
AL CFEEOERN (Fig. 7), Bk JUE
BN IMITEIRE DR 7 & AR E T d 53930,
SR IC B & % perfusion 3¢ 2 5 PWI I,
REHIS AR, R LICHR 3 2B O A b,

single-shot GRE-EPI A HE &£ 2 b 5.

2) Multishot EPI

T2 BRBOE BN/ &SI, BB
% T8k & LCix, BZELT FSEHO
ATEZOEBRIYV F S A FDORP EART4HT
$5. EPLiX, RF LB L\ MTC %)
ROBDIe BB LIABHE TV F I AR L,
multishot /1.9 % & & 12 & V) single-shot EPT ©
RHEE & 73 5 susceptibility effect I & H L 7= &
BOFEZRLT—F7 77 + (EREMEOR
BB IO Th EBELIESRT Y, BZRED
BAEICEY) *BETE5. LirL, BEHE
TlRZEMS s LUCBEEMS4 Y, FSEE L
HRENCERT 21 855, FRIICIEF
FRRRED & 5 I T fEOR W RE DRZRTIC
BIL CIXFSEBRIKEDL Y > 8N EHF LTV
% (Fig. 2).

2. &% 3D MR angiography

B MRA O Fiffi & LT, #€3kI3 time-of-
flight (TOF) % & phase-contrast (PC) # 28
AuwbhnTWwias, T 5id flow phenome-
non DLW T HED 2 ODEBLLL ED
RIREIC & D AT SN BIC e EF - T
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Fig. 7. Conventional HCC.

Single-shot gradient-echo perfusion-weighted echoplanar images (PWTI; c0/32, echo-
spacing time=0.6) with bolus administration of 0.2 mmol/kg of gadolinium ((a)
precontrast, (b) 16s, (c) 20 s, (d) 40 s, (e) 68 s) show that the signal decrease within
the tumor dramatically occurs during the perfusion phase. Signal decrease of fibrous
capsule occurs later than that of the tumor because signal decrease of fibrous capsule
may depend on not arterial blood flow but washout of gadolinium into the capsule. Sig-
nal intensity of the tumor rapidly recovers at the same level of that at precontrast after

the perfusion phase.

2. L2 L, REDEIRTH 5 EE 3D-GRE
Bax AR EIET &% MRA (CE-3D
MRA) 1 TOF, PCiclb L, &\ S/N &2
R4 fREEx B L, M hemodynamics % 5F
fiTEL LV FRERLEDR TN ED,

IVR # b WlERF BB TEHETIC
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5720, BEREEE ERA DS EEIHITHE
BRI OEME, BEHBEOE KPR L &
5%, ZO%HE, BIRMEEPIRMICTOT % C
XD, £EMWENR - FIlR MRA O 57525
¥, £FEEC2£ERFA1FIv 7 MRI &L
THFIETE S (Fig. 8). LI, KBk

Fig. 8. Liver cirrhosis accompanied by multiple HCC and portal hypertension.

G

EEEERMCE- 24—, ERZEIREERE
DEFBBBIAIVI/IZEBEBNICIRET S
Smart Prep (Fig. 9) &\Wo7od7¥a v,
CE-3D MRA ORI E AMEEZKE LD &
LTV%‘“B)'M)-

(a) Gadolinium-enhanced 3D MR angiographic MIP image in the early phase (6.2/
1.4/30) shows multiple enhanced nodules in the liver.
(b) MIP image in the portal phase clearly shows collateral pathways including paragas-

tric and esophageal variceal formation.

Fig. 9. Left renal arterial stenosis due to
ateroscrelosis.

Gadolinium-enhanced 3D MR angiograph-
ic MIP image (6.2/1.4/30) shows clearly
left renal arterial stenosis. Using Smart
Prep technique, which allows to detect
the arrival of contrast material in an arteri-
al segment automatically and to initiate
data acquisition at the appropriate time,
visualization of left renal vein can be
avoided because the scan timing for arteri-
al phase can be strictly determined.
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Clinical Application of Fast MRI : Upper Abdomen
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Various fast and ultra-fast imaging techniques have been developed and applied to evaluate
abdominal diseases. Recently, even single-shot echo-planar (EPI) compatible with standard MR sys-
tems has been introduced.

Clinical Basis of MR Protocols : In the liver, a combination of Ti-weighted (in-phase+ out-of
phase) images (WI) and dynamic MR images is still the best method for detecting hepatocellular
carcinoma (HCC). On the other hand, T2WI is useful for detecting the multiple stages of hepatocar-
cinogenesis. In that fast spin-echo T2:WI provides poor soft-tissue contrast, multi-shot EPI is
expected to be a more promising than T2WI for evaluating cases of HCC. MR cholangiopan-
creatography (MRCP) using single-shot fast spin-echo sequences has had a significant impact in the
area of diagnosis of pancreatic diseases. The combination of MRCP and fat-saturated T:WT as well
as high-resolution dynamic MR (HRDMR) are also useful in the evaluation of pancreatic disease.
Compared with HCT, HRDMR images may improve the ability to detect and evaluate local tumor
extension and vascular involvement of pancreatic malignancies prior to surgical intervention.

Advanced MR Techniques : EPI permits diffusion-weighted (DW) and perfusion-weighted (PW)
imaging in the upper abdomen due to the short time required for scanning and has proved to be use-
ful for more specific characterization of individual hepatic lesions. State of the art contrast-enhanced
3D MR angiographic sequences (CE 3D-MRA) with ultra-short TR/TE obtained with 20-30 se-
conds of breath holding permits total abdominal MR angiography with high image quality. Com-
bined with image interpolation or Smart Prep techniques, total-liver dynamic MR images can be
obtained simultaneously with total-abdominal arteriography and portography using CE 3D-MRA.
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