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Comparison of Detection Pattern of
HCC by Ferumoxide-enhanced MRI and
Intratumoral Blood Flow Pattern

Naoki Itou,” Fumio Kotake,"
Kazuhiro Saitou,” and Kimihiko Abe?

We compared the detection rate and pattern of ferumoxide-

intratumoral blood flow pattern determined by CT angiog-
raphy (CTA)and CT portography (CTAP) in 124 nodes (34
cases)diagnosed as hepatocellular carcinoma (HCC) or bor-
derline HCC, based on the clinical course. Sequences to obtain
a T1-weighted images (T1W), proton densty-weighted im-
ages (PDW), T2-weighted images (T2W), T2*-weighted
images (T2*W) were used in Fe-MRI. In nodes shown to be
hypervascular on CTA, the detection rate by Fe-MRI was
69.7%. In nodes shown to be avascular by CTAP, the de-
tection rate by Fe-MRI was 67.3%. These rates were higher
than with other flow patterns. In nodes showing high signal
intensity (HSI) on any sequences, arterial blood flow was
increased and portal blood flow decreased in comparison with
nodes without high signal intensity. All nodes showing HSI,
both on Fe-MRI T2W and T2*W, were hypervascular on CTA,
and portal blood flow was absent on CTAP. Nodes show-
ing HSI on both T2*W and T2W were considered to have
greater arterial blood flow and decreased portal blood flow
compared with nodes appearing as HSI on T2*W, but only
as iso-or low signal intensity on T2W (Mann-Whitney U-test;
p<0.05).
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Ferumoxides (J8567C © #MLE:, BLH4% © Feridex) 15
MRI (L FFe-MRI) |2 A OKupfferfifil i A S N 5 =
AT K D T2HAHE F /T2 MR I BV CIRIEEIFER D
BE TS, Kupfferifan vy, Fzidxim L7-jE
W E S ET L L TR 2 REEEHITH Y, Wik
FHIlIC2D CCTRMRID Y 4 F 3 v 2 A ¥ 74 — L IZRE
HIFRIC L AMMETH A, L L, —FHCTHMIEDOR
MBI DN TREEP OMBIR BB & & % 1 PRI R
WA T2 EhmenTBy, FBaibicoh THsHE
M OKupfferfifa b A 42 L 2hTwaIS, Lo,
Kupfferfllig it % KMLd 5 Fe-MRIIZ X AR & F5EPIIILT 12
X & 2 OREYED D B EHEMI L, Fe-MRIOHIHHER LU
MR8y — o L REERPIGE % leBRET L 7.

MRBIVHE

KBUFITHEI0H A H994E 1 BIZH) TR HIRE 7213
CT Ci#lilafE 4 %E\v>, Fe-MRI, CT during arteriography (LL
FCTA) £ CT during arterio-portography (LL FCTAP) (CTA
and CTAP : L Fangio-CT) # |ZIZ[FHIIZMEAT L, angio-CT
T SN DS &, FEBEEIC X 585 OB ER
DA WRIERHERE R EE /B L, RIS B
K EDHEFIRE & BT S NI RIGHED34ED] 1 24558 T H
% (SFHRS4~75i%, FX64i%). BHIIRD % \ ik PR I i e
&) FEETH O MGEEFNATT & i ot L, TEn
W2 % ¥ M X BB b - g ic L 5
HAEMD AN Lo 72 DEBFEILTWA. angio-CT
{ESIEMENS##CT-PLUS 4% F\ > 150mgl/d1 1% 274 % i
A, CTAPIZ4&#90ml% 3ml/sec TiEA LOOFSHED 5, CTA
IE460ml % 2ml/sec THEA L10B#ED S, £ HI12 SmmlE
TR L SmmBEHE THRE L7, Fe-MRIIZ Btk
MAGNEX 150(1.5T) #Fvy, A5 4 A2 $mm, A7 A AF
* v 7 2mmTspin echoik (LI FSE#:) T1 weighted image (LA
TT1W)530/15/2 (TR/TE/excitation/flip angle), echo space
receiver band-width (2L Tband with) 14kHz, Fast SE#:Pro-
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ton density weighted image (2L FPDW)2000/
22/2, band-width 9.3kHz, echo train length
(LLFETL)4, T2 weighted image (DL T
T2W)2000/100/2, band-width 9.3kHz,

ETL 8, B X UFGradient Echoi#:T2"
weighted image (LLTFT2°W)200/6/1/30,

band-width 20kHz, % #iti L 7z (T2 3%
SRVHRRESRBI T B 8 FEFI23AEHET T3
ENTWRW), FerumoxidesiZ&H1A7305
~ 1 B &2 21 Crulife 5 3, 5T
#3055 ~1 Rl ICHlRE 2 R L7, S
FEENAIMITIZCTA, CTAPE b IZJAFAFE
HOEEHR E LB L TCTATiZhyper-
vascular~hypovasculariZCTAP T |
isovascular~avascular|Z%348 L 7. Fe-MRI
TOFEMEF B & Uangio-CT T OFEEIPIIML

AFAM I 3 ADERRR (2 A0 BUH#AHE M 82.7%

R, 1 AOWELERMBE) 2L Y B LT
WIREIHE L, BRARZ o723 fifid
JE BRI & Iso signal intensity (LLFISI) & L
Tho v hL, UTOEBIZOWTHRE L
7z,

1. EEINEDAR, PIARIMLTE & Fe-MRIDIRH
=4

CTA ChypervascularZs f5 871 & £ LAY,

hypervascular on CTAP
(99 nodules)

avascular on CTAP
(110 nodules)
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isovascular~hypovascular on CTAP
(25 nodules)
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isovascular~hypavascular on CTAP
(14 nodules)
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¥ 72CTAP Cavscular 2 #5 8 & Zh iyt &
|24, angio-CT COFEHIPIIMIT DE 2
& Bk A Rl L.
2. FiRf&ETOMH S FEEIAMLRDBIENE
FNENOH{%1F THigh signal intensity (BLFHSI) & LT
T & M-S BT AEIIRE L OPIIRILGE Dvascularity %
L.
3. T2'W TO#&H & DRIFEDRH & DEBEDRE
ABIOWFED S BREALROECITROFHEEZZ SN
HT2°W TOR & MOF{FEETORBICZB VT, FEEIMNIM
MOMEIZ L BEDVDHEDERFT S0, TZWEB I
TIW, PDW, T2WODEHIZETLE bIZHSIE LTRSS
TBEET2WTHIE BB HTIW, PDW, T2W D&%k
THSI & LT & Wi & % Mann-Whitney DURSE (43
{LEEDE S DD 7% 2T IEF AL L 0 b BIIRME Fr 4D
ZLVWHOLKHFEETHILH D B0, CTAT
hypervascular# 2 £, isovascular~hypovascular 1 i &
L, CTAPTavascular® 3 /I, hypovascularZ 2 i
isovascular? 1 & LERIEEIC L WESE) M ‘J"ﬂfﬁﬁ,ﬁ
ZARET L7z
4. #B#EALE £Fe-MRI, angio-CTD/¥Z — > DLE#k
HEAR F 72 130T (Fe-MRIBIGE H A5 5~30H%) 12 X Wl
s AR S N1 THEET 12 DV THLEESHMEEE & angio-CTH
L UFe-MRIVS Y — & LB L 72, 72, 9 bI6KHEITIZ
CD684xtt % FIVy, #A&ETPI OKupfferfifa e 2 #ad L7z,
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Fig. 1 Comparison of HCC detection rate in relation to the blood flow.

w R

IEERAEAR, PIBRILIE & Fe-MRIDIZHE S (Fig. 1)

CTA Thypervascular & 7 59945810 9 H 69455 (69.7%)
A Fe-MRITHSI& L TH#HT& 72z, —J, CTAT
isovascular-hypovascular & 7% 5255870 ° HFe-MRI THSI
& LTHEIETC & 72013114585 (44.0%) TH o 7z,

CTAP Tavascular & 72 5 11045510 9 H7455H7(67.3%) A%
Fe-MRITHSI & LTI T & 7. —J%, CTAPTIsovascular
~hypovascular & 7% % 14§58 9 HFe-MRITHSI & L THatil
TELDIX 6 #5Hi(42.9%) TH o7z, B, FHRBRIL
64.5% TH o7z,

2. BIR&ETORE & RBEIA MR OR:EM (Fig. 2)

& DOHfEi% 12 BV TCTA Thypervascular, CTAP Tavas-
culark % A KEHOBIEH EH o7z, Tz, T2WTHSIE %2
< 725 I T <X TCTAP Tavascular & 722 o TWiz,

3. T2'WT O L DIRGEDRE & DHFEBEDRE
(Fig. 3)

T2W, T2'W & b IZHSIE LT & huizfbiix, &piT
5 Bk Ei%E & NLACTA Thypervascular, CTAP Tavascular®
N = THhotzh, TOPWTIIHSIE L THRIESh D H
T2WTIIHSI & L TR S e Wi (5 057 &80, 4 45,
38, 2 EHE 1 ASE) & Mann-Whitney DURRE T 5% DOfE
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TIW T2W PDW T2'W
(62 nodules) (61 nodules) (66 nodules) (57 nodules)

hypervascular on CTAP

h“"""“‘-m\\\ e =

avascular on CTAP

Examination
by CTA

Examination
by CTAP

Fig. 2 Arterial blood flow and portal blood flow of lesions detected as HSI on ferumoxides enhanced MRI.

HSl on T2W LSI~I3l on T2W
HSlon T2° (47 nodules) HSlon T2'W (10 nodules)

/--
isovascular~hypervascular
‘ 'on CTAP *x..__& I'

Examination
by CTA
hyperv*ascular on CTAF
|sova..cular~-hyperva.;cul
onCTAP ——_
Examination
by CTAP

kY

avasc:ular on C-TAP

32

Fig. 3 Comparison between
blood flow and combined de-
tection pattern of T2W and
T2'W.

HARE 4 H60% #9%5




i

Hit 34

Table 1 Comparison between detection pattern of SPIO MRI and the degree of tumor differentiation.
&?ﬁ;fgn?faﬁfrg CTA CTAP TIW ToW PDW T2'w
case 1 adenomatous hyperplasia hypervascular avascular HSI HSI HSI HSI
case 2 Well dif. isovascular hypovascular HSI ISI 151 HSI
case 3 Well dif. hypervascular avascular ISI HSI HSI HSI
case 4 Well dif. hypovascular hypovascular HSI ISI HSI 1SI
case 5 Well dif. hypervascular avascular HSI HSI HSI HSI
case 6 Well dif. hypervascular avascular LS| HSI HSI LSl
case 7 Well dif. hypervascular avascular HsSI HSI HSI HSI
case 8 Well mod.dif. hypervascular avascular HSI HSI HSI HSI
case 9 Moderately dif. hypervascular avascular HSI HSI HSI HSI
case 10 Moderately dif. hypervascular avascular HSI HSI HSI HSI
case 11 Moderately dif. hypervascular avascular HSI HSI HSI HSI
case 12 Moderately dif. ‘hypervascular avascular HSI HSI HSI HSI
case 13 Moderately dif. hypervascular avascular HSI HSI HSI HSI
case 14 Paorly dif. hypervascular avascular HSI HSI HSI HSI
case 15 Paoorly dif. hypervascular avascular LSl HSI HSI ISI
case 16 Paoorly dif. hypervascular avascular HSI + LSl HSI HSI HSI
case 17 Undifferentiated hypervascular avascular LSl HSI HSI HSI
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BETHEZEZRD, KHVBIRLEFSEETHY, MIRML
WAL L TwAEmAEHrEELLN., L L,
TIW, T2'Wk b2, $5H\»iE, PDW, T2'WE& $ [ZHSI L
LTt S s~2 me s F S Mgy — v &
21, TZ*WTHSIE L THRH ENSATIWD S\ IZPDW T
M SR WiEE L OIS OEMIE % {, MEICHE
EIFEDO LD o7,

4, ¥ 21ELE £Fe-MRI, angio-CTD /Y% — > DL
(Table 1)

MRS B AYE & N1 THEET I DWW THMLEE & angio-CT &
Fe-MRI/S% — ¥ & JLlE L 72985, —EDMEAIIE SN o
7z,

adenomatous hyperplasia & I & 117zcase 11d75% 5 7204
HAEAD L% {, Kupfferfilid i OFFIIREETH - 72, &
SHCETHINAAE D S B 1 F56 (case 2) IIFH 2 KM L Y
CD68YLaA T Z a2 572, cased, 6 TldKupfferiflifizid/F
R & IZFERREDFERE THAE L Tz (Fig. 4). ¥ 7zcase
3, 5, 7 TIABICEA LTz (Fig. 5). HoMERD 1K
AL BIFHIREHE (case 8~16) Tl b Bidgl2 i L Tw»
LRINL Tz, F7z, RMEEAFHIFLHRE Dcase 17T
Kupfferfiig X /a0 L T 7z,

z =

Ferumoxides |3 Mg K upfferflifg (2 #br 72 B A F ¢
T2 B L UT2" SHERIRIC & 0 WS % 3 5 Btk s R
*HIE LTESRAEDDOTHY, FEAIE L THRENIC
Kupfferlf & F72 22 VRS HERFHEC O B (2 angio-CTIS

PR 1248 A 25 H

Py 79, SHUSH L, B TIRE0ZERERE L
VI EERMEAD S, B LRI T ldKupfferfflil % £ {
FobOWHs I LMo TE DY, B FwEE
T FOIBHEIRNETFRIN, SEOBEERTLR
WED S L64.5%ORIBE L p Loz, THIIFEECIT-
72 L hER% T Ddynamic CTICBIF AR LIZIZF CTH-
72

ARIOBEFHIEEZHE LTRAONDEEHEZTRE L
T zDangio-CTTIEM T & WIS T Tnin
HF, FEETPIMLGE & AR R & OBMR T, FEETPIC PIBR 0T
PRI TV B EZEZ HNLIKETLRHIZEIL67.3% TH
D, PRILIEASRIN L TWAIRRETH 3 FoREHTIZE
IR & AR OKupfferflifd BSFEE L TWhH EEZ b,
F 72, BHBRIMGE A hypervascularll 7z - 72REE T OMH I
69.7% TH Y, BHHERIZE Z 5 EEEMIRMFKMOSEE &
BIRAELCLCH-7z. 2B, BRWICETBLEZORS
CTA/CTAP (hypervascular/avascular) # 2725 $ D TH71.6
% DM IZT Ehd o,

F72, T2W, T2'WE & IZHSI & 74 A 458513 T2*W THSI &
7 BAFT2W THSI & 72 b 72 il & HB L CREETPINGT <A
EESROOLN, LYVBRMESEETHY, PIRMLTEH
BOLLTWwBEEZ SN —RAIZT2WIIT2W L D) D%
{bFITH L THITH 57280, 0% & & L 7zKupfferifl
REELNHHRERL 25 L, FIT2WTHSIZRL, &
HIZAh B ET2ZWTHHSIFELTL A LSS,
% 7= R OB D TSR PI O K BAR B o 1,
FIRIMAE R DA DA% 6§, FEEHiINOKupfferilifa b ik
FTHVSEENTVWBZ LMD, T2W, T2WTH SN #E
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Fig. 4 A 54-year-old man with differentiated HCC(cas.e 4).

A: Ferumoxides-enhanced T1-weighted image

B: Ferumoxides-enhanced Proton density-weighted image

C: Ferumoxides-enhanced T2-weighted image

D: Ferumoxides-enhanced T2 -weighted image -
E: CD68& staining image of normal liver tissue | ‘

F: CD68 staining image of HCC node D [ ER NI
HCC node were detected as HSI by T1W and PDW on ferumoxides-enhanced MRI. | |
Kupffer cells (stained brown)in HCC regions were almost equal compared to those

in normal liver tissue by CD68 staining.

_ ————

Fig. 5 A 57-year-old man with well differentiated HCC (case 7).

A: Ferumoxides-enhanced T1-weighted image

B: Ferumoxides-enhanced Proton density-weighted image

C: Ferumoxides-enhanced T2-weighted image

D: Ferumoxides-enhanced T2"-weighted image -
E: CD68 staining image of normal liver tissue |

F: CD68 staining image of HCC node D ‘ E F
HCC node were detected as HSI by all sequences on ferumoxides-enhanced MRI.

Kupffer cells (stained brown)in HCC regions were clearly decreased compared to those

in normal liver tissue by CD68 staining.
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EiPUS 5735 — » % W8T 5 2 & TP OKupfferflifaZ
ErfEE TE LRI HH LEZL LN,

Adenomatous hyperplasia T3 1E 5 #HIk & (I Z[FFEE D
Kupfferfifi#EE 2 475 5 L\ ) WA HY. F/z, 40D
WA TR ML 2 HE T & 221 7HE T, LB~ RS
{LEUFAIREHRE 2 350 B Kupfferfliigid v 9 b Rind 5 v ik
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72 DLHSITH - 72 b DOMWEIED NIz, Lo TT2wW
BLUT2WOMIE/N Y — N IEDPASNBREORERITE D
LRI O BT A b D ez bRz, L
L, ZOREHICIZ X D % C OMEBISLETH 5.

AeEkeEt L7z % AZIXT2W THSITd 5 AST2°W THSI &
B2 O 2 fEE (E BT HIEHE case 6 & ESME
BURFHIIOIE casel5) A bz, THGIEE—EFTHY, F
DFERD 1 o2& LT, $2bb4EE LT Wik
PR L W o Lo 0B OBt L Lz
TEA IRV EEW T, FEBIC & » TRTIRRORAF
2 X B8NS eSS L Bbhiz, L, case
6 TI>T2WTHSIZ 2 L TWwW 22 bbb 6, EFF & [F
FEEEOKupfferflllaBEETH 1), F-HBECMAMELE ED A
51, KupfferflfaDEAMBEREOTREEDZEL LN
7z,

TIWSPDW & T2'W & DRI MF D & & -G =S
N olzh, FOEED 1 2& LTTIEHIC L 55
RO ENEZOND. ﬁéﬂé@%ﬁfﬁﬂmm‘éz%m W
5T L ChtEshR e U CTIEGEN IR oA, SEE:-
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TIW TIRT2EMR BRI L AT P T A MY ENE R B &
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Fe-MRITHSI & L CTHiH & 02 #5501 w0 40 b B B s
D—E & P LR~ R LB L iR LT b &%
ZbNA, XoT, Fe-MRITHSIE L TR Shiir g
R B B WIZBTURE DO REMDTE V£ W 2 A5, HSI
E LTI SNABHEIEESMMEBI TR W EIET A 2\, Fe-
MRIDHH 735 — > |Zangio-CT TOM /S 7 — > % fk L
Th, RLZHETHR LY — 2 BT 5L L A

N, AEEE L 7R Tl ek 00 LR OHE 2 130
FLbTERWEEZ NI,
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