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. tumors than contrast-enhanced CT, especially small
Usefulness of Superparamagnetic Iron ’ ’ pecially

Oxide Particle (AMI-25) Enhanced
MR imaging for the Diagnosis of Liver
Tumors : Comparison with Contrast

tumors. Tumors undetected by SPIO-enhanced MRI
that were detected by contrast-enhanced CT and /
or plain MRI were adenomatous hyperplasia and
inflammatory pseudotumor according to fine needle

Enhanced CT biopsy. There were no severe complications of
SPIO-enhanced MRI. In conclusion, SPIO-
Shinji Hirohashi”, Rina Hirohashi", enhanced MRI will be more useful than contrast-

Hideo Uchida", Kenji Kachi®, Kuni Ohtomo?,
Gyou Uchiyama®, Mamoru Niitsu® and Yuji Itai®

enhanced CT in the diagnosis of liver tumors.
SPIO-enhanced MRI may be a promising diagnostic
The purpose of this study was to clarify the method for the detection of hepatic tumors, espe-
usefulness of SP10-enhanced MRI in the diagnosis cially small ones.

of liver tumors in comparison with contrast-

enhanced CT. The subjects were forty patients with L&z

154 nodules in the liver. We compared SPIO- o> MRI il & LT, B SRS &
enhanced MRI with contrast-enhanced CT in terms NTW2DI2 Gd-DTPA DA TH - 72 h% 15k,
of tumor-liver contrast and detectability of liver M N B R HY A F B B R A L 2k

tumors. In terms of tumor liver contrast, SPIO- (superparamagnetic iron oxide: LLF SPIO)
enhanced MRI was equal or superior to contrast- DRI T H SO M- EHE N TWwa, Lo

enhanced CT in 82% of cases. In the detectability L, Z#F T2 SPIO #52 MRI @ 2 Wit o 2
of liver tumor, SPIO-enhanced MRI detected more 22T, Hig MR L T b #5593

EAETHY, GAd-DTPAIZ L %% MRI % 3
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A5 HE % ZBIIC W T 5 BT, 3 Mikic
B W TSPIO#&# MRI & #5# CT %47 - 72 40
FEFNIZ DWW Tl F OB WRE % WEBRET L, &bt
T AMI-25 DEEHELBE L 20 THRIET 5.
% 72 GA-DTPA 12 k %i&5%2 MRI #47- 725 filic
DWnTIE, TOIKL AbdTik~N5,

POE e b

&6 Laigis CT T I RN 2L L
Tz ABe B 40 a2 R & L, &8 CT,
B MRI % & o4z SPIO R MRI T 2
WiTL, 6w THEI R TE 2
154 #56 (lem LLF : 87,1-2cm: 30, 2-3cm: 14,
3em Bk 23) 2aofioxg s Lz, wEOA
FUL, MRS 32 ¢, M RE RV b, B
PERFIE 2 Y, MR 1EITh B, B 334, L«
78, 4EERE 38 A5 83 ((EH65.1) ik, KE
13 40.6 * 5 68.9 ((F¥55.4) kg Th -7z %
B, GA-DTPA iz & %% MRI (3 12 fE) 47 &
Bl M T L 7z,

Hifli MRI 13, T15&#1{% & L T 400-550/11-
20/2-4 (TR/TE/excitation) # 35 ff¥li= 1 #8 T
I3 800/40/2 % Hivy, 7w | g% & L T 2000
/20-30/2 % 40 4E #, T2 5% & {% & L T 2000
/80-90/ 2 # 40 fEFlC, I T4 x> P a—ik
L LT150/13/1, FA: 15ZwLIi3 70" # %
120 FEBNIC Hvs, LB IE L Zofars s 2
— 7Ly A% 2HEFNC AL 22,

SPIO & #% MRI o J5 i 1%, Hisl MRI % #:1%
#, 48 EEM LLPYIZ SPIO 10gmol/kg # 5% 7 F
o7 ST 100ml i 2 TARL, 474 >~
74 g — (10um) % L TH 304 B TS5
L, #5430 45 6 2 KEHIEAPIC 4G MRI &
[d—2< 205, [E—FBAL & g L 7z,

Gd-DTPA &5 MRI o 5 13, Hsl MRI #
Pif%4%, Gd-DTPA 0.1m mol/kg % it #dr#
12, T1i@ 1% # % L 72. Gd-DTPA #2MRI
13, SPIO &5z MRIHti47 0 2 B H LLAC Biifr L
7z,

il H BT (2 15T @ {z 3 MRI, GE SIGNA B

FH6FTH2H

J ¥ Picker VISTA MR HF T&% 5.

#52 CT o) g:3, e # 100 2> 5 300m] %
W E%, 274 AE5-10mm, X7 4 R
[IBE 10mm T4l % 2 %+ > L7z, MBS,
GE9800 Th 5. & CT 2Mfr#, HM L LT
2 5 LI I HA MRI & SPIO i 52 MRI # Jifi
1L, UFo 5 HBIZ DWW THET% L 72,

1. Ret

HE & DR % SPIO #5607, B4 5 47, 10
Ay, P HHT W b NS AR E A I SE L2,
SPIO #4511 3 B LLIN & £ 5. 24—48 Wi i #4212,
e - L CRmERS (RBC), 1Mk
(WBC), iM% (P), mfaskiat (Hb), ~—=
F 70y M (Ht), dEfbpmfd & L <
&, UIB(,. 7 ) ¥, GOT, GPT, ALP,
LDH, y-GTP, #& =21 257 w—)L (CHQ), i}
PR (TG), #e Uy (T-Bil), Mg
#%4#%(BUN), 7L 7F = (CRE), Na, K,
&ﬁ&tLiﬁ.ﬁH,ﬁntU/—w/,ﬁm
WA A MAT L 72, 2 s ot H O SPIO #4554
DIEEIZ DWW T, paired t-test® Fw7z, 7z,
SPIO # L iz Hr7z i 5B L 2 fE K 1L, & DIE
Ak, FEIABRI, RFRSRERR, RREE, A & DR
R, ALE, $hBB L CERE, BEICOWTE T
B, THERE, TEREE, o 3 ERRE, KIRBIRICO
Wiz TR E L, TBIRSEEHN S, THRD
Ny @ 3R, MR OWTIEHILUEZEDNE %
ACERL, A3 Tl ToREME), T, 03

Pz }H""Eiﬂ,f‘

2, A PSR PHEEDR

SPIO 5 MRI % Hijli MRI & gL, 2> b
7 7 Bissh R E oS EEE I DWW T, %)\wx
=7z, 3T AR TRE K
= (AR riﬁ)’:’&éﬂm. Feohid 3 7z, rﬁi
bz Zedr - 12y, METF L2y o5 BB CREN L
72. %72, SPIO i MRI % s CT & Mg L
T, MR &M a> b7 2 PR e L e
— x>y AR, ar b FA M MERTW,,
A% ThH-72, 4o Tty @ 3ERIZHT
TG L7z,

3. RE iR HEE

53



778 HENEAES L3 2 R ER AL BRI T (AMI-25) 12k 3382 MRI A7 M — 358 CT & L © —

JEREO K E SH)ic, HHMRI, SPIOiE#MR
I, B CT CoFNFhomibEsEHE L 7.
TNFNOBBEICIZ A [ 2 FREr WA EE
FRE L2, 7z, fEHIZ & iz SPIO ## MRI
# Bl MRI & bl L €, WEOH, kxS, fif
B, B, B0 L), WEORHED
Bl b &ESNA—7 2 2k012, ThE R
FL7zy, TRELZ,, TS, "M
otz METFLZZ, o5 B4 T 35 L
7z, F7z, WERICERCT L T, BZEok
g% TN T, TR%TH-72,, 45T
Wiz o 3 BB IZ A THEE L 72, Gd-DTPA
i2 & 23R MRI # #ifT L 2256 T3, FAEIC &
HEEOHGET #4T- 72,

4. BMTRE

BoBongEEz 2w T SPIO ## MRI m
Wik 2 HiA MRI 2 5 O C & % CT & ek L,
TZ2Mic L VEBRL 22, T2MRIRA%STH -
721, TRRWTRBIZET L 72, o> 3 BB TREMG L 72,
5. #WEFFMm

MA@l & L T SPIO 15 MRI o A4 %,
2> b7 A BN, SR AR A b
UIC BB DRI & ) 4 Atals TR, AR,
TR %h,, THEX, o4 BPECHHEIL 72, 72,
H - etk (0 - ka2 &), BIfERS Lo
BRRRRAE & 0 et (IS ar) %, To4n
ICRRED e s = 2y, TEed Rz oML B -
721, TREVEICHIBY D 5 12, TREMICH LY
REA D - 72, O 4 BBEICFHIL 72, b nfg
e & OHRIS4 T 2 A b e 72 B PR it A5 R 1
, "WOTHM, "HH,), AR, T¥LL

EbWnzlewn, TiFE L v o 5 BB T EEHil
1187=R

wm R

1. R

RE LT 5 5048 TR T 2 272 5% ¢
FELTHEY, REMED 10 5% 5 L R 5%
TRHTIK BENMKT #7205 HEEHRICIT
BIEEL Tz, F72, IRITEHRIGHES TR -
ALRBDLDATHRE N B L U TR X 25bi
Lotz MR T2 RBC, P, H o
LETE2RBDEDATH -7z, MBAESKRE
TIRMmiEe: 7 =) F0fFEL LR, UIBCo
AELCACT % @Bd 2%, thoMATHIC 1L B5mE
B ed -7z, Fh, WEME, BREFAF
WIBNCRED 7205, WTNLBRETH), 3 ¢Ic
[B17 LEC LT 1R T 5 72,

2, APPSR MERHE

IFF 7 BE AL B 12 5 v T SPIO #% 8 MRI % i i
MRI & Wi T 5 &, "RES @I N, F7-
X TR N, KHES N LD, T1HmHE
AT a—ghTid 64%, T2z > = a—
HETIE93%, 7oAy -k
9% THD, 73T 41y b a—ETIITNT
DIEPCBWT TRESHMBI N, LHEL
7=,

lE# & FFna > b5 2 b BERFHFIZ DN T,
SPIO i&# MRI # &SV 22— 7 x> Z B2
WCT LT3, TIHHAAry2a—T
13 36 4 1 11 5E 1 (319%) T SPIO i 2 MRI

Table 1 Comparison of contrast effect of SPIO enhanced MRI and contrast enhanced CT

Pulse Sequence Total MR>CT MR=CT MR<CT
T1W-SE 36 (100) 11 (31) 17 (47) 8(22)
T2W-SE 40 (100) 25 (63) 9 (23) 6 (15)
PDW-SE 40 (100) 25 (63) 9 (23) 6 (15)
T1IW-GE 20 (100) 13 (65) 3 (15) 4 (20)

T2*W-GE 20 (100) 13 (65) 3(15) 4 (20)
Others 2 (100) 0 (0) 2 (100) 0 (0)
Total 158 (100) 87 (55) 43 (27) 28 (18)
()%

HAPRSH &8 64 % 4589
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HENATEY, 1TEH (47%) TR, 8 i)
(22%) TH#ECT ENTWI, 7o | »iEiR
BIUT2@m#A2 L > 2 a—Tid 40 5EHIH 25
JEH (63%) T SPIO &z MRI AN TE Y,

9 fEB (23%) TR, 6 M (15%) TiE#
CTHfEN Tz, T1EE L T2* i 7 2

(A) Contrast enhanced CT : There are multiple tumors
in the right lobe.

(B) Plain T2 weighted image: Multiple tumors show
slightly high intensity, but not so clearly.

(C) SPIO enhanced T2 weighted image: The signal
intensity of the liver decreases, and multiple tumors are
clearly demonstrated.

Fig.1 Metastatic liver tumor

T 64T 25 H

T4 ¥ b2 — T3 20 5 F R 13 RE B
(65%) TSPIO#%# MRIAENTED, 3%
Bl (15%) TE%, 45EH (20%) TE&EE CT ¢
BTz, Lzh =T, ZHLEDSNA—7
I AT 78—8%icBWwTary A F#CT
EREPFREFCT L) bEA TR EICL S
(Table 1, Fig.1).
3. IREERHEE

A RE Tl 154 KEEirh 129 K5fl (84%)
A A MRITH O S LT H D, 129 &
(84%) »*SPIO #&# MRI T, 72 CT Ti& 122
MEHEL (79%) AdE & 1LSPIOE# MRI & CT
THEZII -, KESHTE, lem LT
T HUM MRI T 87 4% fii v 71 K5 (82%), SPIO
78 MRI A 73 #4 i (84%) & 33 CT o 59 #
fiii (68%) &Il THBICEN T (p<o.
01). ZDfid k= & Tlk, SPIO &% MRI & &
WCT THHfBlcHAE L ZRBO Lo - 12
(Table2). & — 7 x> 2502 R SPIO i&
MRI & &5 CT o lblgTlx, T1m#Ar> 2
— T3 36 SEBIH 6 FEHI (17%) T SPIO 1%
MRI 2N TH D, 215EF (58%) TR, 9
HEF (25%) TEMCT B EL T, 7o >
MAB LU T2HMAZE > = 2 —H T, 405
Bl 1 16 % B (40%) T SPIO i #2 MRI #< (& fL
TH 0, 154EH (38%) TH%E, 9 HEH (23%)
Tigi CT A EN T iz, TIMM 7S T4 >
b xoo— T, 205EH P 6 mEH (30%) T
SPIO i% % MRI 23T H D, 105EF (50%)
T, 4486 (20%) TEZCT »#EN T
f2. T2*5@fR 7774 2> b 2 a—ETIE, 20
FEBI 5 5EF (25%) T SPIO i& 52 MRI A5
TH Y, 114EH (55%) TR, 456 (20%)
Tl CT EN T, Lizd-T, Thed
IR — 7 L2 ATIE 15—80%ic B T3 CT
LS Ll Eositifg% L 72 (Table 3).
F7z, CT XD LBHAEN S - T d LTS N
7z 9 $EFI P 5 REFZ AR EE - OFER] T, 5
rp 2 0 T U AR A L R T v 2 & HYEEM
ENTEY, o 3 6L EREREIC R & TH
MNERE T v & SNLERTH > 2. Moy 4 5EH)

55
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Table 2 Detectability of hepatic nodules by plain MRI, SPIO enhanced MRI and enhanced CT

Total lem 1-2cm 2-3cm 3-cm
Plain MRI 129 (84) 71 (82) 22 (73) 13 (93) 23 (100)
SPIO MRI 129 (84) 73 (84) 22 (73) 11 (79) 23 (100)
cT 122 (79) 59 (68)* 27 (90) 14 (100) 22 (96)
Total 154 (100) 83 (100) 30 (100) 14 (100) 23 (100)
()%

* significantly lower than that of SPIO (p<<0.01)

Table 3 Comparison of detectability of SPIO enhanced MEI and contrast enhanced CT

Pulse Sequence Total MR>CT MR=CT MR<CT
TIW-SE 36 (100) 6(17) 21 (58) 9 (25)
T2W-SE 40 (100) 16 (40) 15 (38) 9 (23)
PDW-SE 40 (100) 16 (40) 15 (38) 9(23)
TIW-GE 20 (100) 6 (30) 10 (50) 4 (20)

T2*W-GE 20 (100) 5 (25) 11 (55) 4 (20)
Others 2 (100) 1 (50) 1 (50) 0 (0)
Total 158 (100) 50 (32) 73 (46) 35(22)
()%
2D I OSER TH - 7245, HobIF %) TR CT AT vz, BBE1 T I

MR oA E A s & BRI, Tk
fix & A Twiz (Fig.2). Gd-DTPA Iz & &%
# MRI % §i47 L 72 12 1 47 #5813, Gd-DTPA
12 & %352 MRI Tl 38 #46 (819%) A9k X

1, @R CT To 40 #5Hi (85%) il MRI T
D41 #ifi (87%) £ V4% - Tk, SPIO i

MRI T 46 #5Hi (98%) 12l L THEICE -
Tz (p<0.01)‘(Flg‘3).
4., ElrEE

PR DLW AT B EBEIX, SPIOREH# MRI
13 £ 5.1 o0 MRI & o I T 40 %€ #1) v 26 5% $1
(65%) THENTHD, 10 5EH (25%) T,
445EH] (10%) T4 - Tz, B8R Tl M
i 32 s flvh 23 £E (72%) T SPIO N T
D, 76 (22%) TR, 26l (7%) TH-T
Wizoz kL, AR SR ORER TIE 5 B 3
Bl (60%) THKIEIZMSE, 26 (40%) T%-
Tz, fhofEf s L o T3 SPIO
ERMRIDEEN T 72, #E#HCT & o i Tl,
40 1 B v 23 5 1) (58%) T SPIO i 5% MRI #*
HATBY, TH#EE (18%) TR, 105 (25

56

3 32 4 H v 20 £ B (639%) T SPIO i 2 MRI

iR CT L VA TEY, 76 (22%) TH
%, 5% (16%) TH-»TwidicxiL, il
HEBE W DIERI T3 5 BB TH » Tniz, fhois
BB L O T3 SPIO 3% MRI 2+
LT w2 (Table 4),

o i

r%f rabii & L C oAb, TER A 40 Bl
1781 (42.5%), "4 %hy 7194 (47.5%), r-\*—'
AR HAB (10%) ThHoro, WS
I3 TV A A o 72y A8 (9 d%).
P tEic R M H o 22y 29281 (59%) T
H 1z, 'rﬁi%"’&Amﬂ‘f‘ﬁﬁziﬂﬂﬂ’ﬂﬁﬁﬁ'ffnii M
TAH H71980 (48%), "HH, #1761 (43%),
Moo 7 Hly A3 4 (8/) P YW R AR
Wy A1 (3%) THY, TIFFL v, &
SNTIERNE e - 7z,

% =
W OIERIAERE D BT 5 T,

S T AR

”’1"[5\}& ik /l: 54 % 8
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HHA TN —=> T LTHENLTWS Z L idm 2cm LU F o /Ml SR 2 TR e e Wi e & thic
FF ol D, FORICHATYT 28A8E, WEIE UM R sER D £ <, MRIICH$ 21
FLERELTWABCTTHE, CTIZHMCT B FHizkEw, LHL, MRITH US TR E
T UOEECT 2L T3, USTHRfI RIEFEOEAZKONEY REL L DL % «»,
)
-

(C
;l'.

(D) (E) (F)
(A) Contrast enhanced CT : There are two tumors in S8 and S7 that show slight hypodensity.
(B) Plain T1 weighted image : The tumor $8 shows hyperintensity and the tumor in S7 shows isointensity with a

slightly hyperintense rim.
(C) SPIO enhanced T1 weighted image : The tumors in 58 and S7 are clearly demonstrated as high intensity areas.
(D) Contrast enhanced CT : There is a slight hypodense tumor in S7.
(E) Plain T1 weighted image: The tumor showed hyperintensity.
(F) SPIO enhanced T1 weighted image: The tumor in S7 is not detected.
Fig. 2 Hepatocellular carcinomas and adenomatous hyperplasia

Table 4 Comparison of contribution to diagnosis between SPIO enhanced MRI and enhanced CT

Diagnosis Total ME>CT MR=CT MR<CT
HCC 32 (100) 20 (63) 7(22) 5(16)
HCC suspected 5 (100) 0 (0) 0(0) 5 (100)
Metastasis 2 (100) 2 (100) 0(0) 000)
Cyst 1 (100) 1 (100) 0 (0) 0 (0)
Total 40 (100) 23 (58) 7 (18) 10 (25)

ik 6 427 A 25 H 57



782 HPREAES I 3§ & BT REME R Lk T (AMI-25) 12 & 23582 MRI oA Ik — i#8 CT & L © —

(E)

(A) Plain CT: No tumor is detected.

(B) Contrast enhanced CT: No tumor is detected.

(C) Plain T1 weighted image : Only one tumor in S7 shows
slight hyperintensity.

(D) Gd-DTPA enhanced T1 weighted image : The tumor
in S7 shows ring like enhancement that indicates typical

encapsulated hepatocellular carcinoma.
(E) Plain proton weighted image : The tumor in S7 shows
isointensity in this pulse sequence.
(F) SPIO enhanced proton weighted image: The signal
intensity of the liver decreases, and not only the tumor in
S7 but also small tumors in S4 and S5 are clearly demon-
strated.

Fig.3 Multiple hepatocellular carcinomas

EASET, WEEOHERO M FIC %54
5979 Z @ SPIO & §# MRI @ I IiE 45 4%

BICPHF 28 13h 299 9 BECT + It
BRRET L 2 I 7o,

F72, US TS N2 MERMRZS 12 0 L
T, SPIO##& MRI »4#% CT I2 %647 L ¢
AT ARE & 7 ) 185 575 2 O BRI ST
LLEN TR, iz 04K Tlt,
SPIO i # MRI I, i&E#CT THIW S Lz
JERZ MBI L TwaiIcb bbb §iEF
CTichsa s b WRIMD2REEL, W
TR MR ED B B EZ S b2
AR EA iz, Ly L, SPIO##% MRI T
b, BECT THHENTWAICL b
TR SN VIERIHET LI 0 5,

ARIOFEHTIE, CT LN L#bE %5
T EHEIE N Lnid 9 R (23%) T
Holzdt, SIEPUIEERMETH Y, fho 4 4
12 A A & AL IS, BRIERE
IR, FHERGOHE T 280 TH - 72,
Zh 9FERIZVWT L CT i iy Ay 4
fagg s bbb Lwvig2 2L Tw725% SPIO
e MRI TR & o0 o BLaY 7 50 s &
TR -7 RL, 2CEHTH -7,
Z b Oz iE Kupffer il % 45+ 2 &4
{EIFHEAHRAE L Ty RIS E TaE v
A%, B R & 7 2 vty LAY I A0 R | 2 R
STz,

Zokiz, US, CT F#i344 MRI T
fi S MLz @ # A7, SPIO &2 MRI T
ShLlt i, & olERI3 Kupffer 7w L
i3 Kupffer LA 2 A L Tnwd 2 & AR
BE i, HHEOIFMREEBETE s REY
{58 & e B0, [EE oSN W LA ek
ik & e BTREMEA R E fL7z,

152 CT & 852 MRIIC 51 2 G #0195
ZEORRARIZ, REEIC AT R oMRE I &

MRI i & 2 IR ZEOMIMAE 2 1 | S % 2
HBTHFE S ., 4R L 72 SPIO 12, FFTit
Kupffer i fg 12 Bt D 5A & 1L 5 $5 1k % 47 LV,

Kupffer #ifi 473 el oa> 52 %

58

S TLRY 5, FMIINEZ & D vbW 3 hyper-
vascular tumor (3, EEHOK—F ZFHEAIC L
% dynamic CT O@IRM % 2 2 & THH
#h kL, Helical CT Tlt, XL i2HBEN

RABE et o554 4% 45 8%
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M EAHFE T & 3219, F 72, GAd-DTPA # H
Wiz MRI TL REkIC K—F ZAHEAZ L721E
#HoihfA oG T, hypervascular tumor ¥
HERA EATS Z & ATl &4, EiEZ ¥ v > #H
w7z 4 FEIE dynamic MRI Tl S & 7% 210 1
HHHETE B9,

Lo L, Z#e@ dynamic CT & MRIZEY
gt EicHvWbs 5 L LT, DEEORH
HEiZ —F v icirb s /s e LTSk L
v, T s i L T SPIO i& 5 MRI (2345 L
T EMEERIEm EL Twicwsds, Hijli MRI T
REL LT Wb T B9 MERENRED,
SPIO i1 & 0 BB ICHI S L BIRE L 274 )
b, FEMCLEHTE L —Fic—FELR
{5 % 75 5 1L B REtEA R <, /NIES o &)
Exkrtic T 5 SPIO &8 MRIIc&H€E L5415
WHFIRENWEFHZ B,

= B

SPIO #& 5 MRI I, &5 CT & il L THIE
BERENZMNICBWT 2> F 72 AL, B
HEELENTEY, AHTH -, /2, fBS
N7 B = 7296 Hiz 1 Kupffer fR#l o FFAE AR
meE i, ERZMNC BT A EHLIEmE T 5
ZEDEE N A, 2 EMLUINIZ TH L7 SPIO
## MRI L& CT MEIc B W T, BRLEME
E BRIVERIZ R b L dh -7z,
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