R &

I HINERE DR I 3513 B MR hepatic arteriography,
MR arterial portography : CT & @ &

NNEOEL

[N R & 1/ NS

A A 2

TS T FORBE AR AL 20 P KRR AR R DT TR (R B R R i FE IR S 200 B

FL&®IC
T 0 e gz O 78

tography (LL'F, CTAP) OFHMEORL L%
BAONDVY. iz GEFEDO IVR-CT HE
FEOBEALH VY, FMlaEoZEICkw»
T, ZOBEBVZEELL ED DT ARIL TR
CTHA, CTAP »E#EM 2 ik L THY bR
T&ET\Ww5. CTHA, CTAP #af1d4 52 &
T, ZTO#EHNE = b HBREOHM - 7
IEEOHTE L AJRE L 7> TE TR HVOD, A
BHOTIERT, FFBIIRZERR AN, HRPIT X/ —
WA, ~ A 7 aEgEEE, 5 VAN
T KR < OWRIREIREE D B % Tl ic
XL T, JRRBICH L -k e a4 5 £ T,
CTHA, CTAP OFZEHIFHEMML TE TV 5.
Aol FxE CT LML Tav b5 A g
AEICEEN S MRI ZFH L, MR imaging hepatic
arteriography (LA'F, MRHA), MR imaging
arterial portography (LAF, MRAP) % CTHA,
CTAP L F—@BE&IC T L, FHElEEOZ
BEIC 3317 %5 MRHA, MRAP ©F Ht:% CTHA,
CTAP & Higtsss L 7.

IZ &1+ % CT hepatic ar-
teriography (LL'F, CTHA), CT arterial por-

MREFE

#EEd, CT, MRI CHFfilgfEsgEbn, &
[8] O ¥ 51 %F 9 % informed consent 28 15 5
n, BEOMEEFICHE T, FEIRS 1A
T, BEEFEIR & dif 3 ST EIRDS, BElE
Bk D DG PHER S NIERND S B, [H
H, B|Z#:% CTHA, CTAP, MRHA, MRAP
AT S N7z 22 ) (164 [XIEK) Zxig & L7-.
Wi, B 17 60, %5 #1T, Fhid 51
H~83 1% CF¥665%) ThHolz. ZOHDF
fir, REEZE CHMRE 2SNz oil,
22 B> 5% 53 FEfT (44 X)) Td - /-

W3 E L, CT (3 Proseed (GE #:%1),
MRI (% Signa 1.5T (GE #8L) A {#FHL /.
T/, EFAEAEEL, CTRA— TN
VA AS0 (EATEMEER), MRIEY = v
7V gy 50 (RABHREASE) 2 HL /.

WH OMEERERIC oA L LT,
CTHA, CTAP, MRHA, MRAP % [F HIZ ffT
L7z, MEEFET, KBBR»62LVY v
A—HEIC KD 6Fr2 Xy —A (AT VY —
A5 7 VZIINVY TS5 4) wEEL, SFr e
EERAT—FTI (Cvavhs—FI,
JC1: 7V =y T54) &HL TLEBHE

*+—rJ— K hepatocellular carcinoma, MR imaging hepatic arteriography (MRHA), MR imaging arterial por-

tography (MRAP), angiography, gadolinium
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MEEDIR, MEREEDIR, MRFEIIR 2 B L 7.
RNT EGRERER, SFEIRIC 3.2Fr M &
EHAIT—TI (kL av PA hF—F),
IC1: 70 =AW TT54) #BEHK, CT=E
T CTHA, CTAP #fifT L 7=. &IZ MRI 21
BEyL, MRHA, MRAP %#fifTL7-. & EO
#Ef Tk, £#1<CTHA, CTAP, MRHA,
MRAP DI/ THifT L, &#ds ORFHE IR
255U EZEFS LI LY.

@7 o a—)id, CTHA, CTAP itk
A F M3 — FEE#H, iopamidol (A A /%3
/8, 150mgl/ml; BARY Z—V V) %l
HL7. CTHA X, & 20ml #E AEE 1
ml/s THEAL, TARB» OIREGMKE TO

MfEIE 10 5 & L7-. CTAP |38 80 ml %
AHEE 2ml/s THEAL, HEABE IR
I E TOREIE 30 # & L /-,

MRHA, MRAP (2R84 % % & % - 7245t
INETITHL, HFUZoLBEEFHL /-
MRAP OHEIDPHAINSLDALATHS.
Z T, TWREBGEEDIZDIT, 2 Blastgic
5EAR, 10 57, 20 57RO 3 mEOH
F U= A85) ; GA-DTPA (X7 XA LS,
HAYIT—U VD) RWICTFHREREITV,
WERIFHM %2 1T - 72 (Fig. 1). 1§ T5 %7
- 10 fEA RO A< MRHA % {7, fit
D 141T 10 fEA W - 20 f5 5 WO & FHF T
MRHA % faf7 L 7. &#Gid, st 588

Fig. 1. Preliminary study of the contrast media in the MRHA
(a) Dilution 4-to-1 : A total of 4 ml of gadopentetate dimeglumine diluted

with 16 ml of saline solution.

(b),(c) Dilution 9-to-1: A total of 2ml of gadopentetate dimeglumine

diluted with 18 ml of saline solution.

(d) Dilution 19-to-1 : A total of 1 ml of gadopentetate dimeglumine dilut-

ed with 19 ml of saline solution.

A dilution of 9-to-1 (b) shows a tumor more clearly than a dilution of

4-to-1 (a).

A dilution of 19-to-1 (d) shows a tumor more clearly than a dilution of

9-to-1 (c).

2003 4F5 3 14 A2 2003 -8 A 4 HIET

BURIGGERIE  T658-0064 SeERIRL M= i s T o [ 1-5-16  HIRDRBEMAT R /NE &
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FIDOBE OB A S 5 7-D12, 5 Ok
% W TTIEANCSAT VY, BOHRBHERER 3 40
BRI Ko TH& A« DEBRIC OV THEKRE L
7o FIREBROBETHEFEN T 20 FAROM
HPAEN TN 5 EORREE, SEIOKE Tk
20 fE 7R AEINL 2. —J, MRAPICBAL C
%, BEOWMEI-WELSEICL /o BT, Ybt
DR, SRAEAEBICEDYE TREL
7-. MRHA i%, 20 5% Gd-DTPA, &
20ml Z{EAERREE 1ml/s THEAL, EABLH
PO BEMBEETCOMMBESBEL L.
MRAP i3 5 5 W Gd-DTPA, & & 20 ml
IEARE 1ml/s THEAL, HEABKL HHK
GBIt £ TORMEIZ 20 # & L /2. MRHA,
MRAP & L ITERFIE A%, AHAEK 10
ml%Z1ml/sT75 vl
BN 5 A—2 L LT, CTI3 1 [
TICE— AR 10 mm, BEBEEE 10 mm O
4-BF helical scan & L 5 mm R CHRER L 7-.
MRI (3t F# %5 FICifr L, fast spoiled
gradient echo (FSPGR) (TR 180 ms/TE 6.9
ms, flip angle 20°, Jr % A% 1, FOV 35 x 35
cm, Y MUy 7 A256x160, A5 A AE 8

mm, AZ A AF v v/ 2mm) THEEL .

[ HERadE OB MREORGE ik, £,
WA HFIE 3 4 A blind reading % 17\,
Couinaud O F XIS FIC BT AWEEH T 5
44 WA Gasat 164 #iXk ¢, CTHA H¥ijh,
CTAP &, CTHA+CTAP, MRHA B,
MRAP B, MRHA+ MRAP zh ZhiZh
W, 2N O XIS P T A 3 A T
HiELIE % 5 Bels (S 5 : present, fE(EE
4 : probably present, {5 3: equivocal, ff
fE B 2 : probably absent, S & 1:absent)
T 2EAfi L , receiver operating characteristic
(LAF, ROC) f##r# AT\ WNRZE OB WTHE % 5
L7

FRE I L A & EG RO ROC MifRER IS
S UM, ROCKIT program (Ver. 0.9.1B,
C. Metz, University of Chicago) M\ 7z. 7
S 7 O HEWhIC true-positive-fraction, £ il IZ
false-positive-fraction %# & V), ROC gt T o
Ik OmE L Azl & L /- (Fig. 2). &)
D Az fED Ll 13 5By Mk (analysis of vari-
ance) ZM\ /- (Table 1). %7z, pijzbORERE
3L EEREDD &L, KHlifREO sensitiv-

True-Positive Fraction
True-Positive Fraction

—

True-Positive Fraction

0.5 0.5 0.5
- MRHA > MRAP -~ MRHA +MRAP
—CTHA —— CTAP —— CTHA+CTAP
0 0 0 I
0 0.5 1 0 0.5 1 0 0.5 1

False-Positive Fraction

a

False-Positive Fraction

False-Positive Fraction

c

Fig. 2. Graph shows composite receiver operating characteristic (ROC) curves

(a) Curves indicate relative accuracy with which HCCs were detected on CTHA (Az=0.9250) and MRHA (Az=
0.9408) . Difference in mean areas under the curves was not significant.

(b) Curves indicate relative accuracy with which HCCs were detected on CTAP (Az=0.9219) and MRAP (Az=
0.9421). Difference in mean area under the curves was not significant.

(c) Curves indicate relative accuracy with which HCCs were detected on CTHA +MRHA (Az=0.9400) and
CTAP+MRAP (Az=0.9479). Difference in mean area under the curves was not significant.
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Table 1. Az Values Obtained with Each Imaging Modality in 22 Patients

Az Values
Imaging modalities Mean
Reader 1 Reader 2 Reader 3
CTHA 0.9431 0.8964 0.9367 0.9250
CTAP 0.9647 0.8848 0.9202 0.9219
CTHA +CTAP 0.9770 0.8954 0.9526 0.9400
MRHA 0.9648 0.8956 0.9644 0.9408
MRAP 0.9819 0.8980 0.9541 0.9421
MRHA + MRAP 0.9862 0.9001 0.9652 0.9479

Table 2. Assessment of Lesion Detection for Each Imaging Technique

Sensitivity (%) Specificity (%) PPV (%)
CTHA 81 93 82
CTAP 82 93 82
CTHA + CTAP 87 95 87
MRHA 81 93 82
MRAP 90 94 85
MRHA + MRAP 89 95 87

PPYV: Positive Predictive Value

ity, specificity, positive predictive value (LT,
PPV) Z#HEH L 7= (Table 2). &HE{RH]D sen-
sitivity, specificity, positive predictive value &
HeizlE McNemar-test & vy, W3hd p<0.05
TRET AR R L L.

& R

1. ROC fi##fr (Table 1)
- CTHA, MRHA ® Az f#iiZ, #h#h 0.9250,

0.9408 T - 7=.

- CTAP, MRAP & Az {id, Zh1 %4 0.9219,

0.9421 TH - 7=.

- CTHA + CTAP, MRHA + MRAP ® Az f#i

%, FNFh 0.9400, 0.9479 Th - 7-.

Az {#iZ, CTHA »* MRHA, CTHA +CTAP
& MRHA + MRAP O IL#E CIZ AEEIT A D
N7 -72. CTAP & MRAP % i3 % &
MRAP O BB WMEMICH - 72, WwIFhod

HWETh Az HICHBEEITA LN - /e,
2. Sensitivity, specificity, positive predictive

value (LIF, PPV) (Table 2)

Sensitivity, specificity, PPV ICEL ¢, CTHA
& MRHA O Tld, ZiZALNL - 7.
CTAP & MRAP TiE, wdFhickswWwTd
MRAP OFip@m - 7278, ABERA LN
»o 7. F7-, CTHA |2 CTAP, MRHA (Z
MRAP %#Jnz % C & T, sensitivity, specifici-
ty, PPVOWFHICE W T RWMER %R L 72
2, THLLAEERETALN LD,

fEGI 7 3 Hl~ 9 (Figs. 3~5). & #iy7x
HCC i3\ Tid, CTHA (T k- THE I &4
A < Y, CTAP TikEEIh v
LIFEBEOFRDORBGHET HYH, SEIOK
7T, MRHA, MRAP [ 58\ T H RIRDER
NH—vi 8L 7. CTHA, CTAP & MRHA,
MRAP #H# L, 1ZE A EOREMT, 12X
BEOHHELE /) (Fig. 3), WAEIC k-

27



28

HREEREE 55242 15 (2004)

Fig. 3. A 68-year-old man with a nodular HCC in the posterior segment

of the liver
The CTHA (a) and MRHA (c¢) images clearly show the nodule as a

hypervascular lesion.
The CTAP (b) and MRAP (d) images clearly show the nodule as a

hypoperfused nodule in posterior segment.

Fig. 4. A 72-year-old man with a nodular HCC in the anterior segment of
the liver

The CTHA (a) and MRHA (c) images clearly show the nodule as a
hypervascular lesion.

The CTAP (b) and MRAP (d) images clearly show the nodule as a
hypoperfused nodule in anterior segment.

The MRAP image shows the nodule more clearly than the CTAP image.
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Fig. 5. A 69-year-old man with multiple HCCs in the posterior segment

of the liver

(a) The CTHA image fails to show nodules.

(b) The MRHA image unclearly shows nodules as hypervascular le-
sions. -however the nodules were not shown clearly.

(c) The CTAP image shows hypoperfused nodules in the posterior seg-
ment.

(d) The MRAP image clearly shows hypoperfused nodules in the
posterior segment.

The MRHA image shows the nodules more clearly than the CTHA im-
age.

The MRAP image shows the nodules more clearly than the CTAP im-

age.

Tlid, CTHA & MRHA O iz Tld i HiBEIC
#3772 78, CTAP » MRAP # i+ %
L, Mo v FS A MICENS MRAP 0
N, BWHEHAHBBICER VWS DLdH - /o
(Fig. 4). /-85, CTHA LD 4 MRHA,
CTAP kv & MRAP O F B HHICEN TV 5
FEG S A BN/ (Fig. 5).

Z £

BTl B g OB I kW T, Matsui 513 0
CTAP ICBH¥ A3 LISk, CTAP 32D E W
ZWBE D DA RMEICE T 2 REDPRE < RS h
VC\/\%DN‘U.

Yu 593, CTickkL av b5 A GEREIC
#n 5 MRI %\, MRAP » CTAP O fF#
fafg OB HIZ >\ T L, MRAP I3 sen-
sitivity 285 <, CTAP X il L CH B4
HIHEHMEL TS, £/ CTAPICBL T
X, CTHA O AEDHLHICZ XD CTAP Hijh
FOLZMENA EL A LOREDD L BH
5. GE, AT TLE VBT H T 5
MRAP, CTAP i fn 2, MRHA, CTHA # fif
FTHTTAHIET, SHICHVERHERED
N5 EFHEL, ZNETNOMAEDE TORFM
fasE OBMRE OB 44T - /2.

ZN % T, MRAP O sensitivity iIZBJL T3,
Yu 59 (CTAP:83%, MRAP:94%), Soyer
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51 (CTAP:87%, MRAP :94%) O3
H5H. 4, FxOmsTTid CTAP:82%,
MRAP :90% CTad - 7. £/, Soyer 5121,
IR I 3510 5 MRAP O sensitivity %
B TH->/obHEL T5D. SEF~IE
MRAP & CTAP ©A T <, MRHA » CTHA,
MRHA + CTHA & MRAP+CTAP T ENX
NEEEL 722, wInd, 2 IZBE L Ciftat
FHEEELZTRD l‘ohtc%»o b DD,
MRAP » MRHA OflA &b 1E, Sz
EEAd 5915 L xn% CTHA+CTAP L[
LOBMRENE LN, E7o, BgE, HEIC
X 5 Tid MRHA, MRAP O/ 388 & 2 2 Hi
IZEN T/ DL B (Figs. 2,3), #iC
MRAP |3 CTAP ¢~z FOEHFICH
D, IS OBRBIC B W TS RBRICIETE 5
%%Jﬁtﬁo f:.

SEOBGICEL T, mE&Ed, CTHA,
CTAP, MRHA, MRAP ¢ IEXK (T 5 Z &1
R HWAR I OEIL, RS Ik EIE O IS
B BEMOFE 7 IAE S BB O quality DK T
R, NTF—F IV FE L 72IRRET MRI % fifT

BHICBD, BELTHWLY—ARNT—F
WICEAMRIBEDT —F7 7 7 F BRI
N, RO 22 FITIE, D XD HIEMIZ
R ir - Tz KBIIRA $ ZOREE I O AP
ORD TRV CTT —F 7 7 7 F &l
7, FEEOFRE E, BICHMEL R L5k
T—FT 5 7 FMELNIIECNI mip o7 &
EIFEH L/ —AC@BIEEENTE6d, %
TN TF—=FIEATV VALY a B EOHE
IPEECTH -7 &%, BEINHT—T
Ve SMA, CHA TH D, A% THAS
NTWEWT T —F 777 FDRALNK
holec—HEEZONS.

MRHA, MRAP O Fl| &, FBlESE % 2 5
&, Fls & U TSR w2 b, &
FICR ¢ AREREL, avV 5 A5 RIC
BENTWS, EHRADASTA A%iGHT LBPT
&%, A—F7VIF—DBEHICLMEITTE
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%, L\Wolo CT TRALNEWFIERD 5.
515, WRMmyx%AW@%&K%b&
T, WEWE&E, MRI B, Mm&E75EM0,
MRHA, MRAP, MR 77 4 F T CTOARD %
B & o PR ORS A - IR, i
RO 2 R/ NRICH 2 THifT S h % & & b TTBE
L BhLDEFE2L. El, MR CT ik
LTV P AMICENRTEYD, BEBEOR
T 7 s R E P B BRI BT A REE = X —
ChEREEZOLNS.

—7J5, MRHA, MRAP O &S & L T
MRI #1870 W B FITIIHT TE W
(MRI #4513, SEEARNEAY, 50
il X— 2 XA —Hh—7x ¥ OBSH, BRI, X
BERAIC BN R S APNEA 2R L TV 5
FICHLTE, BFEERLIhTWA. i
WELZ ) TRERL TV BEICITERE
o VEE Y 4 A8 AR b MRIE
L OMEEOHEL X% MRI HE ORIE S & &
bhb. MITEFICHR DS LI, CT %
FUDMOBE TLADLN, WEXKORR LE
25, WMEEEOEEICEL T, #WETO
HEBEIRELZLEEDNS D, S50 IVR-
MRI v A7 LDE K HFE 2 LN, Tl <
FTOERESMEINGS. 58, RLBHOLE
DA EEZLNLDN, EEAIORERE,
AR, EAEEZGO-EB SRS
&%?%f%uwx % T¥%. MRAP, MRHA

IC 3B 5 E S GR35 A—21IZBL
T, ChETCELE>METAONA
V. SEOF A OWEHCEWT L, EHTER
MRAP (ZB L TH#EEDOREI "D % BHEIC L
7o BT, MEEOWRPEE, ERRAITEALEICH
bﬁf&%bt.~ﬁ,MRHAK%qu
BE LI ARGV D, PR TRBALT
gk & LT, bREAM, 10 5, 20 54
RO 3RO H % 7o L E R E-M IS &
HEREROKRF #1T -7 (Fig. 1). 2O
B, FICERET 5ERARESS VD EE X
LNBHHB, 5EEER, 10EHFMTIE, LA
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fEE L B O IV F S AFOETHRES
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] E
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ZEr AL, TOFREI RSN, FH
ffEOZWOR LI 5T 54D EFEZ BT
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Mz 2 5124720, HRETHIIETANT
PR R R R R AR e, e
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MR Hepatic Arteriography and MR Arterial Portography for Assessment
of Hepatocellular Carcinoma: Comparison with CT

Zen OzawA!l, Masakatsu TSURUSAKI?, Hidehisa YURI!,
Kazuro SUGIMURA?

1Department of Radiology, Takasago Municipal Hospital
33-1 Kamimachi, Arai-cho, Takasago 676-0015
2Department of Radiology, Kobe University Graduate School of Medicine

The purpose of this study was to document the usefulness of MR imaging hepatic arteriography
(MRHA) and MR imaging arterial portography (MRAP) against CT hepatic arteriography (CTHA)
and CT arterial portography (CTAP) in the diagnosis and assessment of hepatocellular carcinoma. In
addition to CTHA and CTAP (Angio-CT), MRHA and MRPA (Angio-MRI) were performed im-
mediately after hepatic angiography. This was done through contrast material injection into intra-ar-
terially placed catheters (CTHA: common hepatic artery, CTAP: superior mesenteric artery) in 22
patients with nodular hepatocellular carcinoma. The diagnostic capability of CTHA or MRHA alone,
CTAP or MRAP alone, combined CTHA and CTAP (CTHA-CTAP), or combined MRHA and
MRAP (MRHA-MRAP) were evaluated by three radiologists on a segment by segment basis. Diag-
nostic accuracy was assessed with receiver operating characteristic (ROC) analysis.

The accuracy (Az values) of the techniques were: CTHA (0.9250), CTAP (0.9219), CTHA-
CTAP (0.9400), MRHA (0.9408), MRAP (0.9421), and MRHA-MRAP (0.9479). Sensitivity (%) /
specificity (%) /PPV (%) was: CTHA (81/93/82), CTAP (82/93/82), CTHA-CTAP (87/95/87),
MRHA (81/93/82), MRAP (90/94/85), and MRHA-MRAP (89/95/87). The differences in Az
values, sensitivity, specificity, and PPV between Angio-CT and Angio-MRI were not statistically sig-
nificant.

In conclusion, MRHA and MRAP showed equal diagnostic effectiveness when compared with
CTHA and CTAP. Therefore, MRHA and MRAP were found to be potentially useful in the diagnosis
and assessment of hepatocellular carcinoma.
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