Use of Ferrite Particles as a Reticuloendothelial
Contrast Agent for MR imaging of Liver Tumors:
Experimental Study in Hepatocellular Carcinoma
and Hyperplastic Nodule in Rats
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7 =74 PRF MWEARGEEZA) 2 HVCICHEE ORKILEZE
— 5y T ONFHIRRE & EBAS AN 303 5 Biat —

SRAFRZPHHRELRE (EF 8BS R
nm o & KB &
(PR 4 1 ALLESAM)

FFEEZE I o o AR A M A MR B O BEZ LB 2T (magnetic resonance imaging, MRI) 12 &L 2 4 2¥ % L VBN
WicWT57 254 bR FDOEHMS, 3 -methyl-4-dimethylamino azobenzene #5112 TS5 » MIC/ER LMl E
(hepatocellular carcinoma, HCC) 25/& ¥ 3 L ON@ AL (hyperplastic nodule, HN) 1488 % FH\THEE L. MRl 121.55
AT BEERBIZT, A Y= a—k (spin echo, SE) % L+ SE500/20 (repetition time (TR)/echo time (TE)), SE2500/
25, SE2500/80, SE800/20 %5 £ O° SE800/40 D 52Dy — 7 = Vv A TG LR B Ik -, 754 PRTHREK L D HN ofF
BREIET Lizows LT HCC DfF B MEIE AL e <, Prussian blue iz & 22 0REATd HNHIKIZ7 = 5
1 PRFLRBDLAOIK LT HCC Rtz B bhieh o, MXIEERER, HCC TRITRTD vy — 7 =V RIC
BOTREMEKROESRERTOLDIK LR Licoicy LT, HN Tkt SE2500/25 3 X 08 SE2500/801 %\ ~C, HN Ei&ED
BEHREETOLDIET LA, ¥ 754 PRFEEIC L b, HCC @ SE500/20 3s & 0° SE800/20 1 1) % Kl HEC vk [
@D BRI A, HN @ SE2500/25 3 & ¢ SE2500/80 I BT AHREHECIZHAZ s TETABDORD L 318t - 1.
SE800/40 iz 33\ T 1 K58 (7%), SE2500/25 1238\ ~T 4 55 (28%), SE2500/801C 3\ T 7 #&H (50%)D HN 2%, 7 =51 b
W5 BCRABFERESEENEEL LHBHTEEE s o722y, THiX HCC & HN DENOBOEFRAEED 1 2&Bb
hiz. 8 1 Xt (signal to noise ratio, S/N), = v » 3 2 } 4 X} (contrast to noise ratio, C/N), {55 8 & It
(postcontrast to precontrast signal intensity ratio, post/pre SIR) *3tETAZ &k b, WEOENEIL VAL L. 72
4 MUTHREHED HCC @ S/N 81U C/N BWFhoy -2 =28l d, HN tiE<EBRE S, ¥4 HCC @
post/pre SIR % SE800/40, SE2500/25 35 L U* SE2500/80 THBICEEx LTk », SE800/40 o\~ T 6 ﬁﬁﬁ (43%),
SE2500/25 1 #4 T 8 #Hfi (57%), SE2500/80 1238\ TI0KEHN (71%) @ HN M54 HCC LRI L fenTe. 7254 +
BF X385 MRLIckWT, Euv TR-TE vy — 27 = v a1z HCC oo m iz g2, HCC & HN o
FACE L TIEABEEL 7. 7= 74 PRFIT T2 REA KB I A5709, MEOEHCIZE N TR-TE 2 Aoy —
7R, L T2 BREGYACLZEAHRATHL L ExbR. ZORRE D, N2 TSR ERE
BHOBHNCELTL, 7254 PR FRIABEEOESHIEE FOREICL Y, AEOENO W TIIBHOEYEOHEI

HHTHDLELDND.

Key words ferrite particle, magnetic resonance imaging, reticuloendothelial system,
hepatocellular carcinoma, hyperplastic nodule

BRI OB ILEZ W (magnetic resonance imaging, MRI)
CEWT, BNREZHITHH 7 = 51 VR T2EEED 1 D1Ic
oo TR D, EBEITE-CHMlaE ORI B LB
BROREIRM e SN HAE S A", BIRNEBESEhicT =
T4 MRITIE, KBS OFFAO Kupffer MIBICE R Xh T2 B
Wiy, THITEROERRESETL &4 5 X,
B T ITHBHEE P i3 Kuptfer MRREZMETE L\ viasd &
DISIEBETRALNT, EEFEMEO= v 52 P A
Bin URHERAA LT 5 E ShTw a0,

— B BEBZEIEOESIE - T, BEE 2cm LT Ow
DY 5 /N (small liver cancer) DR R A+ FTHE & 7

h, MBSO PRICELVEERZLRD L5t -TET
WY Ll bR, BWIERESFEK (adenomatous
hyperplasia® %1% U & 3 28 « O filaE SR Lr 5 %
EHEhD L 5Wieh, FrMliflMEE o2l Eic b0
B FOEERMEC - TWAY. Zh b OEICIT&EEIIR
UPIREY T = v ¥ a2 ¥ —WiB &R E (computed tomography
during arterial portography, CTAP) T D& SR IR mpr® e =
MRI @ T2 BREGICHTEESHE ORMAEHTHS
TERBEIR T BD, FETIR. —Ric, REE#KE
B9 Kupffer S & St SIBRAE FIICI2E8% b hic oot
LT, IREAEERPICIEA T b F D 5 R, MRI 128

Abbreviations : C/N, contrast to noise ratio; CT, computed tomdgraphy; CTAP, computed tomography
during arterial portography; HCC, hepatocellular carcinoma; HN, hyperplastic nodule; MRI, magnetic
resonance imaging ; post/pre SIR, postcontrast to precontrast signal intensity ratio ; ROI, region of interest ;
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W7 =74 PRFRAFMRBORLELMEIRZDLTIS
TIREFBERE 0ENELZ SR LXCA LD LBHTCES.
FHRIL T, MRIBRASEFHCTHL7 = 71 PRLFEHA
W, Ty PEEBROCER L FMBAE (hepatocellular
carcinoma, HCC) ¥ X OB B % # (hyperplastic nodule,
HN) IL2n T, TOfHRL b O EEHEC TS o
WCBE L, TOFREOWTERY LI,

MBS LV FHE

1. 7254 PRLF

1. 72254 MBRLF& LT, Biomag model 4125 (Advanced
Magnetics, Cambridge, X [E) #{fH L 7=. Biomag model
4125 #FH 1ml 2z 10 EOR F21 4L, 268 4 mol DR
FrREFLTWS, xRN FITBMGTHE< I RE1 b
DOREGEBARERY) =~ CHBELTHH DT, HFRIL 0.5
~1.0pm THB. OB EBRKFAKIC T 154 mol Fe/
ml DEEZERUSERICFER L.

2. £/ MRI #& & X VBB % HF

FEHBHREL. 67 A7 BEER MRI %{& Signa (GE
medical systems, Milwaukee, KE) 2EH Lic. ~ AR &
LTAEv=2a— (spin echo, SE) (k& L, SE500/20 (&
hiE LK (repetition time, TR)/ = = — &[4 (echo time,
TE)), SE2500/25, SE2500/80, SE800/20, SE800/40 © 5 >
v =VvARBVENBYRELL. I=HXTRLH TI
HAEG, Fe yRERAES, T2 @RERE LT—BB
CHERBRKTERIATWSLDTHS. ZEFA=A1ELT
PR = 4 % LR GEEE 8cm, 254 A& bmm, A
4 AHML.5mm, = F Y » Z A (matrix) 256 X 128, FhiEEIE
A[E D& TREY T 7.

3. EREY

U4 AR—REET y P 2ZEREFERA L. REHEL LT
3’-methyl-4-dimethylamino azobenzene (3’metDAB) #* i\ 7c.
£, ¥ 300g D5 v +x0.06% 3metDAB BEFE (£ =
v AVEERE, RE) T BREME L. TORBERIICE
Lic B¢, P{LRE FXMEK, XK 2m/kg L RED A+
V=7 A A N OREYEERIGERIC R D8 2 BT ESM L
72, REBROMKEIL 254-408g TH o7z, TOHEKR LD, f
EBIMA20B E ¥ Ttk HCC, HN & icii 2 kK ¥ X O E
BWHEBEIN, ThLE2ERHLL.

. REBAHE

1. MRI O

Sy PERYFALEF L (KAXR, KR 30mg/kg DIF
BRESCIOREEL, 37 =54 PNTHRESIO MRI %
RO 5 DDy — 7=V ARFAWTHRE L. T0%, £HE
YEKWZT 15 mol Fe/ml DEECHFR L7 =54 VT 15
gmol Fe/kg #5 » tODREIRI DO - D ERIEL, 891
BRI X D BERBC MRI ##BE L.

2. MREFEsRE

TRTCDF » M i, MRUBGH L DICRBEOSY FAAY
Z—NORREARE I VER L. Bl TR TTXEIIR
CEEBESHHRALEOEY T L, ~ ) vinERaH

=

K% 100ml, D\ T10% A A< U v BEHER 300-400ml %38 x
Bl TOBFZLD Ty OFBIMEN TR D BEE S,
MRI ORMITEIC S o BRIFAATEE L 7 D EE & MRI 8L 0
HEABZTHo e, WRMICEBOMAEK, K&X, Hrrm
BUicH, FES A4~ ) VERMICTEELYT N, ~< |
Fv) VAP VR E L8 Prussian blue 2B TEED
ABRFERISREI D7 = 74 P EFDOWEDE R B L
7.

3. EEBT

o BERR (partial volume effect) D& TE AR
T aicd, BER mm UEOREENEE LTRHEYEC
feote. ¥F, BEOLEEHCHTHENMESHEY, &
5, BESRES, $E5, BEERES, BE5O 5 BEeb
W, EBOMHERE LKLY — = AT L HCC & HN
BLO7 =74 P NFREMBEMCHBERA L. 2, BEE
DAUBDOER, ¥, BERECH—HILO>WTEEZEY—~s =y
AZEWR7 =74 PRFREMETHRE LIz, ¥, B
WS MEIR (region of interest, ROI) %88 % L CEE, RE,
N2 779 v FOEEHERREL, B+ 0EEBELTE
B/ A4 Xt (signal to noise ratio, S/N), 2 v s 5 A b J 4 Xk
(contrast to noise ratio, C/N) %7 = 51 ' NF#HERH TH
V=2V AZEWER L. BEOEESRENEOEE, TF
s+ 2 MREFRENEE BT OLDEFOBRE AT
ROI DJIESEE B, JlokHaElky—2=vat
TOHAABEIZ LT ROI OFEEB IR oTe. 7o S/N X
BBEOEEBREX Ny 775V v F /A XOBEERZETRAEL
f2b®, C/N DESREN»LRAREFOEERELXHELAy 7
I3V N/ ARDBERETCTHRELELOE LTEHL,
HCC & HN BB X 0'7 = 54 PR TFREMERCHE L.
FR@ADEBED7 =54 MFRSIZIDETHEOE LY
RLBWT, BEEOBREOFEREYRLINOESME TR
B LESMWME L (postcontrast to precontrast signal intensity
ratio, post/pre SIR) # & L HCC & HN [ Cll v 827 -
7z,

4. HRETFHNE

BEOMARE SHE B L URHHRIZ W TE, ¥ BEEY
V- HCC & HN BB X 07 = 54 M FRETEETOEE
ERBHF L. S/N 8L C/N o Tix HCC & HN s
07 =54 PRFREFTHBT, post/pre SIR 12D\ Tit
HCC & HN B, Mann-Whitney-Wilcoxon BT % FHWCH
BEYRHLE.

I3 ]

. BEORHELBMHESHE
12FED 5 » MMk 1465EE (HCC40 £E#f, HN106 #58)
B i, HCC 1342 3-2Tmm, HN 12& 1-10mm TH b,
ChHD 5 B 5mm Lo HCC25 #8, HN14 f5fiv 83
KRG, ZhbofHREHYMWESRELR 1 ICRT.
7254 MRFESHT TR, HCC i SES00/40, SE2500/25,
SE2500/80 &\ro7-F\y TR-TE #HWT T2 BMAxRD L
V=7 2V ARBNTRESIPREES LSRBERESER

SE, spin echo; S/N, signal to noise ratio; TR, repetition time; TE, echo time; US, ultrasonography;

3metDAB, 3'-methyl-4-dimethylamino azobenzene
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LEHELZhZh96%, 100%, 100% & FERICBRIFTH 7
DR LT, SE500/20, SE800/20 & \~o 74y TR-TE %8
W Tl ARSIy — 7 =V ARBWTEEREN L HE
WERCD W EEEERTLONS {HIHEKL FNFh68%,
569 & {Eh -7z, HN BT A E LV TR-TE #H 7
SE800/40, SE2500/25, SE2500/80 TOHH®EIZ Fh £ h
71%, 93%, 93% LB T, FOFEERET HCC Wi~
TEHEWEECS » HEDESHE Oz SE800/40 (P<
.05), SE2500/25 (P < .05), SE2500/80 (P<.01) im B\ CHE=
p@RH LR, v TR-TE %A\ 7z SE500/20, SE800,/20 iz
BT, HN OX#STEFEEL R Licio bRz Fhth
21%, 36% &L FEFABH Tz,

7274 PRFHREHTIE, HCC 33_TD v~ = v %
EECTHNMESREN LR LEEIMCHEAR X b EE S
HEhiz. TOBENMESTRED LRI Y 5T, H\ TR-TE
#Fi\ 7z SE500/20, SE800/20 = 3} % Hi i ZRi% & 312969 &
EHHEI L, £ TR-TE &\ 7z SE800/40, SE2500/
25, SE2500/80 T 100%DHHRE IFAEORKRENESh
. HN &8\ Tik, ¥v—27=vAD TR-TE OB I L b
HEEIUHEMNESHEC S BFOBERE L. Tieh
%, 5\ TR-TE % Fiv+7z SE500/20, SE800/20 & 38\ T i
HCC LRAMRICEBEELN LR LHHEL FhFhed%, T1%
tEELZDI LT, B\ TR-TE % A\ % SES800/40,
SE2500/25, SE2500/80 IZ 5\ CIXMEBBME I 2 - TET L,
iz SE2500/25, SE2500/80 T3S B & RTINS L
TDRHR L ThEFN6A%, BB LN h DETEHRE. =0
EEMEDETIZL b, SES00/40 iw T 1 & (7T%),
SE2500/25 W= 36\ T 4 %58 (23%), SE2500/80 1236\ ~C 7 #E5H
(50%) DHN 2%, 7= 541 PHFBRECIVEEED LLRR

ERESLTRTRED bEEEERTHREN LB LRI
Eigofe (B1, 2). ChRRLTIREAED HCC itk haj
Bl Ehs L5, SEELLLTRETEL Aok
DR 1IFEMb ol Fh7=54 PEFHREETIT,
HCC & HN o MxifE B O Mic SE500/20 (P<.05),
SE800/20 (P<C.05), SE800/40 (P<.01), SE2500/25 (P<.01),
SE2500/80 (P<.01) DFRTOY— = v AL BWTEEE
PRDHORA L I 1.

1. BEOHRELVESHEDH—H

7= 74 PNFREMTIE, BER 20mm Ll EoZR
1T L7 HCC3 &z B\ T, B EE S HCC % X0 HN 120
BFECTEAERLABORBRE LTHE X1t HCC 0
BEREL, SE500/20 ¥ X UF SE800/20 TIL108EEN (40%) =%
T, SEB00/40 THX12£5H (48%) ¥\ T, SE2500/25 %5 &
U SE2500/80 TIXI1KES (T6%) W BT RE—ThHotr. &
s LT, HN DESME 12 SE2500/80 T 5 & (36%)
B, FOMBOTRCDY — 7 = v AT 3R 21%) BTRE—T
BoBELh oM. 7251 PRFHERZ T b, HCC O
RELOCEBBECH—~HCIECELRAD AT, BER
20mm LA Lo HCC3 ##idhk\ 72+t HCC 20T
THERAERICMBORE L LTI A, RE—c/lilSh
RERLTARCOY -2 = VAR BWIHEH E2LRALT
Hote. HN O 2REMCH VT = T4 MVETR L BARE—T
By s b, SE800/20, SE800/40, SE2500/25 18\ T &
Mg —7eEEREL R LAR TH - 7o b O TR EBTITE
SHEITE— L V TNERBEETT Lo -k (R1).
D 2REMERNCE D OF_To HN 1L, #E5RT R
B CTHEAERCABOFRRE LTl Shit. HRELT
HN ofF5H#ER, SE500/20 Tik 3 #58 (21%) », SES00/

Table 1. Visibility and relative signal intensity of 25 hepatocellular carcinomas and 14 hyperplastic nodules

Image Tumor No. of Signal intensity relative to normal liver
type type Yel::gfs Hyper sl. Hyper Iso sl. Hyper  Hypo p value
precggr;;g/ZO HCC 17 (68;%) 0 2 12 5 6 >.1
A L A A T A
SE 800/40 ggc 22 ((gg‘g; 1? 1; g 3 8 <.05
SE 2500/25 g(CJC ;g g(l)g/l‘)’/z):) 2;4 i g 8 8 <.05
MU 1 S L O
e HN 13 (93%) 4 9 1 ¢ 0
SE 500/20 HCC 24 (962?? 1; 13 é g g <.05
SE 800/20 EI(IEIC 22 Egézz) 13 11 1 0 0 <.05
SE 800/40 ggc ;g g(l)(g/%) 2? 481 g g g <.01
sz e mdow s 2 0 0 0 <o
SE 2500/80 ggc 22 Eflsgff‘/i) 2: ? g 8 g <.01
HN 6 (43%) 3 3 8 0 0

Note—HCC=hepatocellular carcinoma;

HN =hyperplastic nodule; Hyper=hyperintense; sl. Hyper =slightly hy-

perintense; Isozsisointense; sl. Hypo=slightly hypointense; Hypo=hypointense. Differences in frequency of rela-
tive signal intensity between hepatocellular carcinomas and hyperplastic nodules were evaluated with x% test.
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20, SE800/40, SE2500/25 T 5 #586 (36%) #%, SE2500/80 ©
1T REET 50%) AR —in ot

I. BE®D S/N, C/N &L post/pre SIR

HCC & HN @ S/N e b UM C/N #F 28 LUK 3K, #
ERiEO S/N e 500 C/N OBHARYE 3 7 5K 6 1%
T. 7 =54 PRFHEEMNTIX, HCC © S/N s H 00 C/N
3 SE2500/80 iz B\ T DA HN IR TERICEEEZR L
2 (P<.01), FOMD v — 7 = v ATREHERCEEZRIRD
bhishot: (B2, 3). B2DFEED S/N 8L C/N i,
SE500/20, SE800/20, SE800/40, SE2500/25 1= 36\~ T ik,
HCC & HN BICRACEHELH - THHAEOEINIT A

F

Fig.1. MR images of HCC (arrow in B-F) and HN (arrow-
head in B-E). A) precontrast SE500/20 image. The HCC
and HN are isointense relative to the surrounding normal
liver tissue and are not detected on SES00/20. B)
precontrast SE2500/25 image. C) precontrast SE2500/80
image. The HCC is hyperintense and the HN is slightly
hyperintense on SE2500/25 and SE2500/80. D) postcont:-
ast SE500/20 image. Following the intravenous administr-
ation of ferrite particles, the HCC and HN become
hyperintense and are easily detected on SE500/20. E)
postcontrast SE2500/25 image. F) postcontrast SE2500,/80
image. Following the intravenous administration of ferrite
particles, the HCC become more hyperintense on SE2500/
25 and SE2500/80, while the HN become less hyperintense
and turns from a homogeneous round lesion in precontrast
images to an inhomogeneous crinkled one and turns from
a slightly hyperintense visible lesion in precontrast image
to an isointense invisible one on SE2500/80.
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THBLELLRI. S/N %810 C/N OREMETEEEDA
bhtc SE2500/80 126\ T T& % b, i hOBEERA DR
HCC & HN o+47cZBREch 2L 0 & Bbhit (K3,
4).

7 =74 PRFRER I D, HCC @ S/NituwFhoy —»
TVAERBNTHE AR D bR 50w LT, HN ©
S/N 1% SE800/20 (P<.05), SE800/40 (P< .05), SE2500/25
(P<.01), SE2500/80 (P<.01) KB \\WCHBRETFTAED Sh
7o. ¥, HCC D C/N 2 FRTD Y~/ =V AR B THE
I ERL (P<.01), HN @ C/N & SE500/20 % X v° SE800/
0 XBCTHEREREARAD bR (P<.01). SES00/40,
SE2500/25, SE2500/80 1z #5\~Tix, HN @ C/N 557 gL
RED bR, BRI T7 = 54 TR 5% T,

a: gpaseig

F

Fig.2. MR images of HCC (arrow in B-F) and HN (arrow-
head in B and C). A) precontrast SE500/20 image. The
HCC and HN are isointense and are not detected on
SES500/20. B) precontrast SE2500/25 image. C) precont-
rast SE2500/80 image. The HCC is hyperintense and the
HN is slightly hyperintense on SE2500/25 and SE2500/80,
and signal intensity of the HCC is more hyperintense than
that of the HN obviously. D) postcontrast SE500/ 20
image. Following the intrarvenous administration of ferrite
particles, the HCC become hyperintense and are easily
detected, while the HN is isointense and undetected on
SE500/20. E) postcontrast SE2500/25 image. F) postcon-
trast SE2500/80 image. Following the intravenous
administration of ferrite particles, the HCC is hyperintense
on SE2500/25 and SE2500/80, while the HN become
invisible on SE2500/25 and on SE2500/80.
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HCC @ S/N 5% C/N 12 HN k<, SE500/20 (P
<.05), SE800/20 (P< .05), SE800/40 (P<.01), SE2500/25
(P<.01), SE2500/80 (P<.01) DT RCD Y —7 =V AT
TEELEMELYRT IO (2, 3). 7=F14 PRF
5wt h HCC & HN D S/N 8L C/N 0EHEIZ,
SE800/40, SE2500/25, SE2500/80 i3\ T EB Iz L, &5
it Lo ERcm Ly (®5, 6).

HCC & HN O post/pre SIR #3F 4, FOHAR Y K 7 1R
3. HCC @ post/pre SIR ¢x HN 2k L, SE800/40 (P<.05),
SE2500/25 (P<.01), SE2500/80 (P<.0l) @B W T EBICEE
ERLT (F4). HCC TR, WTFhDY— 27 = VAR EBWTH
post/pre SIR DFHMEILIZIE | TENh oD LT,
HN tiiv—2=v 2D TR-TE BEL e B oh T X h{EME
L ILUTOER & 57, HCC & HN [E@]® post/pre SIR ©
EHI1Z TRTE RS LAE2hTIHE I L, BT
SE2500/80 TRXEEMOENRIBBICABR, 7 =74 b

FHRE®D S/N 88 LU C/N OBRFER L ABEOER1EB LA
= (K 7).

7 =54 PRFREHD S/N T, SE800/40 18\ TISLLF
D% & - 7 HNB #555 (43%), SE2500/25 =35\~ T30LAF D fE
%L 7t HN 8 #5# (57%), SE2500/80 i3\ vC 5 LA FOfE%:
L 7= HN10 585 (T1%) 1352401 HCC L ERNTEETDH -
. BB hbD3DDY -2 2V ATOLEWEYES
L, el s 150 LE W ERHT HN 212858
(86%) WRATE. BEEFMECBVTIALDLEWETIZ,
SE800/40 ¢ 1 #&i (7%), SE2500/25 %5 X ©° SE2500/80 T 2 &
#5 (14%) O HN D& HCC L EFITERICBE T, 7= 51
MEFREZIDIAGDY — 2 = v AR THEEDEE
MEBICH & L. ¥ 7= post/pre SIR DEH0.T5LATTH - 7=
HN 3 SE800/40 =35\ T 6 &8 (43%), SE2500/25 w38\ T
8 KER (57%), SE2500/80 33\ C 10858 (T1%) whbh, =
hoo HN 352 HCC LERNTHETH -7z, BT el

Table 2. The mean S/N of hepatocellular carcinomas and hyperplastic nodules before and after administration

of ferrite particles

S S/N of HCC S/N of HN
equence
Mean+SD Range Mean+SD Range

SE 500/20

precontrast 31.0+4.5 19.7-39.5 32.0+6.6 16.6—41.8

postcontrast* 34.2+6.3 22.1—49.0 29.7£7.3 21.9—45.7
SE 800/20

precontrast 34.4+4.2 27.6—45.9 36.0£5.9 25.7—48.6

postcontrast* 35.3£7.0 22.8-51.1 31.2£6.0 23.7—46.1
SE 800/40

precontrast 21.7+3.2 14.9-31.8 20.0+3.5 13.3—27.6

postcontrast™ 21.9+4.6 15.0—33.0 16.3+4 .4 12.2—26.3
SE 2500/25

precontrast 42.7+6.9 30.2-59.9 39.2+7.2 24.2—51.3

postcontrast™ 44.8+8.7 32.9—61.8 30.4£8.5 21.4—48.7
SE 2500/80

precontrast™* 14.9+5.7 7.3—-31.2 9.6%+5.0 4.7—-22.6

postcontrast** 15.2+6.8 5.5—28.0 5.9+5.8 1.9-24.1

Note—HCC=hepatocellular carcinoma; HN =hyperplastic nodule; SD=1 standard deviation. Significant

difference between values of HCCs and HNs (* p value<.05;

** p value<.01)

Table 3. The mean C/N to the surrounding liver of hepatocellular carcinomas and hyperplastic nodules

S C/N of HCC C/N of HN
equence
Mean+SD Range Mean=+ SD Range

SE 500/20

precontrast —7.3+5.3 —18.6—1.2 —-6.3+5.9 21.7—-3.5

postcontrast* 11.8£6.0 —0.3—26.6 7.3+7.1 0.5—23.3
SE 800/20 ’

precontrast 1.7+£4.8 —5.1—13.2 3.3%6.3 7.0—15.9

postcontrast* 13.9+7.0 1.4—29.7 9.8x7.1 2.3—24.7
SE 800/40

precontrast 6.5+3.5 —0.3—16.6 4.8+£3.2 1.9-12.4

postcontrast** 13.1+4.9 6.2—24.2 7.5%5.3 3.4—17.5
SE 2500/25

precontrast 15.34+6.8 2.8—32.5 11.8+8.1 0.5—23.9

postcontrast™ 28.21+8.6 16.3—45.2 13.84+9.3 4.2-32.1
SE 2500/80

precontrast ** 6.41+5.3 —-0.3—22.7 1.1+5.1 3.8—18.1

postcontrast™ 12.0+6.3 2.3—24.8 2.7£6.9 2.3—20.9

Note—HCCzhepatocellular carcinoma; HN=hyperplastic nodule; SD=1 standard deviation.
ference between values of HCCs and HNs (*, p value<.05;

Significant dif-
** p value<.01)
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72534 PRTFRECIAIWMEOEICEL, X hHEW O HCC25 MM il cE ot (®B). —F
TR-TE 2f\ T2 Bfis b —2=2v R L bbbt HN pPicid, E0\e8REty &7 Lic 1 B¢, Fa
SE2500/80 DA RN EH» 7. DED7 =74 PRFOWENEFR IR (M9). TSR
V. BEAD 7z 74 MEIFLE FREFFER EARED, bR TCIZRR0 BN 54 |
Prussian blue ¢8I L 2R T, 7 = 54 P FIZTRT WA E R KEIREEPS O Kupifer SIfRIC 48243 % EBbh bHnka

0/20 o0 o o oS oo
SES0 . ... . ‘. 3{ )
E800/20 Food abPo08%0 o o
° 4 ] 08 o o oo PS
SEB00/40 ° CG%§%§33:° 2 0
° o ooce (T ALY °
o0 o © oo oo oo °
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Fig. 3. The scattered plots of precontrast S/N values of HCC and HN. (O=HCC, @ =HN.
[+ o) o] 00
SE500/20 R ‘%"5}% .
® e o o 8: °
SE800/20 B0 FoXPPoogo © °
4 e §88 00 °
9 ©
SEB00/40 o o &g oo} 0
oo o032 oo o
g o %
SE2500/20 © 0 008po0o®P oofo o
® ® © fo00 % 060 o o
D2 .00 Q
SE2500/80 °<.%x9°%cs§ o %08 0
(1) OQ‘ ® ®
-30 -20 -10 0 10 .20 30 40
Precontrast C/N

Fig. 4. The scattered plots of precontrast: C/N values of HCC and HN. O=HCC, @=HN.



118 i

REBDbh, *OBERSTRVThiBRE—Tho k.

% 7

EEFMEO R RO I FBEEZ TR LT, B8
I 8 #&E (ultrasonography, US) ® a2 v v . 2 — W BHE B

E

(computed tomography, CT), MRI 78 & 2VA fiFT & B 1 3
I D A T FRRE O R R SR 2D F TV B, S
NHEDEBZMOESTE ST, WhOIERRE LB IH
L MRERIERER SRR EAD L 5K >TETW
B ThLORER—RICEERER E Th s 2, £

o 0%Q0 Q o0ococo 8R o o
SES500/20 o o o :. . .
SE800/20 o  HLo&Po0Q0 g o oo
o ofe 0g% o ° °
SE800/40 oS & o
\'.‘05 (] e o
SE2500/20 oo Qo0 0 % %0 % Y o 9
*% %% * 5% ¢ ° °
SE2500/80 %o 3@ 000 00 000 of
7 IU .
°
0 10 20 30 40 50 60 70
Postcontrast S/N
Fig.5. The scattered plots of postcontrast S/N values of HCC and HN. (O=HCC, @=HN.
o om ™o cooo00 8% o °
SE500/20 g
' f' o % 4 § [] °®
SEB800/20 °© % Qoo o 8‘9 @00 o oo ° oo
o o ‘. P .... ° ° .
SEB00/40 ccoofP B P B § °
f.' '.: ® [ °
SE2500/25 0000 o ® o o o o
e o0 o L e .
A . .
SE2500/80 00 % o%?ooo 000 oo 00 o of
:5:‘ i o0 °
i { | A . l
-10 0 10 20 30 40 50
Postcontrast C/N

Fig.8. The scattered plots of postcontrast C/N valués of HEC and HN. O=HCC, @=HN.




7 =74 PRFEAGCRFEEO#EE MRI S 119

ORI R AR ERE 2R+ 4 D (ordinary
adenomatous hyperplasia) % 5 @& 2L BT MBS W O3 5 &
@ (atypical adenomatous hyperplasia), # %\ MIBI S oA
WFAIIE L NE T2 DR ENE TR B, X5 1CFlk
BB ERED L D25 X b S {LEDE Ak

FETZ. t0ksr, FEECREARES) HREREH
BL, BRI, &R TR % OB« OB E
HELTTRENRER L bh, BREESCEERME L
RT3, COMBEOMIMCIZAER I 2 ERSENBI S
LERTHHI LW 5 ThHwa, EERZEIC X b Mk

Table 4. The mean post/pre SIR of hepatocellular carcinomas and hyperplastic nodules

Post/pre SIR of HCC Post/pre SIR of HN

Mean+SD Range Mean+SD Range

SE 500/20 1.07£0.16 0.82—1.43 1.02%0.21 0.73—1.45

SE 800/20 1.03%0.16 0.79—1.45 0.94%+0.19 0.68—1.33

SE 800/40* 1.02+0.19 0.77—1.41 0.84+0.19 0.57—1.18

SE 2500/25™* 1.05+0.19 0.79~1.53 0.78+0.21 0.52—1.28

SE 2500/80** 1.04+0.20 0.73—1.49 0.61+0.26 0.32—1.19

Note—HCC=hepatocellular carcinoma; HN=hyperplastic nodule; SD=1 standard deviation

Significant difference between values of HCCs and HNs (*, p value<.05; **, p value<.01)
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Fig. 7. The scattered plots of post/pre SIR values of HCC and HN. O=HCC, @=HN.

Fig.9. Histologic specimen of HN (Prussian blue iron stain,
original magnification, X200). Stainable iron is found in
HN and surrounding liver tissue. The ferrite particles are
seen mainly sinusoidal lining cells, probably corresponding
to Kupffer cells. )

Fig.8. Histologic specimen of HCC (Prussian blue iron
stain, original magnification, X200). Stainable iron is not
found in HCC.
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Use of Ferrite Particles as a Reticuloendothelial Contrast Agent for MR imaging of Liver Tumors: Experimental
Study in Hepatocellular Carcinoma and Hyperplastic Nodule in Rats Yasuhiro Kawamori, Department of
Radiology, School of Medicine, Kanazawa University, Kanazawa 920—1J. Juzen Med Soc., 101, 111—123 (1992)

Key words ferrite particle, magnetic resonance imaging, reticuloendothelial system, hepatocellular carcinoma, hyper-
plastic nodule

Abstract

The potential of superparamagnetic ferrite particles in magnetic resonance imaging (MRI) was evaluated in 25 3'-
methyl-4-dimethylamino azobenzene-induced hepatocellular carcinomas (HCC) and 14 hyperplastic nodules (HN) in rats.
MRI was performed with a superconductive system operating at 1.5 Tesla, and spin echo (SE) techniques were employed:
SES00/20 [repetition time (TR)/echo time (TE)] for T1-weighted image; SE2500/25 for proton density-weighted image;
SE800/40 for mixed T1- and T2-weighted image. Ferrite particles decreased the signal intensity of HN but not that of HCC,
and stainable iron was found in the former but not in the latter, with Prussian blue iron stain. Relative signal intensity of
HCC increased with all sequences because of signal loss in the surrounding liver tissue, while that of HN decreased with
long TR/TE sequences such as SE2500/25 and SE2500/80 because of signal loss of the HN themselves. Ferrite particles
also improved detection of HCC with short TR/TE sequenses such as SE500/20 and SE800/20, but that of HN detericrated
with long TR/TE sequences. One HN (7%) with SE800/40, four (29%) with SE2500/25, seven (50%) with SE2500/80
became isointense and invisible after ferrite-enhancement, which was considered to be a useful sign in differentiating HN
from HCC. The accuracy of the differentiation improved markedly by calculating signal to noise ratio (S/N), contrast to
noise ratio (C/N) and postcontrast to precontrast signal intensity ratio (post/pre SIR). After ferrite-enhancement, S/N and
C/N of HCC were higher than those of HN with all pulse sequenses, and post/pre SIR of HCC was also higher than that of
HN with long TR/TE sequences, and six HN (43%) with SE800/40, eight (57%) with SE2500/25, ten (71%) with SE2500/80
could be differentiated from HCC completely. Short TR/TE sequences were considered to be useful in improving the detec-
tion of HCC but not in differentiating between HCC and HN. Long TR/TE sequences, especially the T2-weighted SE
sequence, were effective in differentiating between them, since ferrite particles cause T2 shortening. Ferrite-enhanced MRI
may be useful in differentiating between adenomatous hyperplasia and HCC in the human liver according to the changes in
their signal intensity on images.



