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Liver-Specific MR Contrast Agents: Current
status and prospects

Akihiro Tanimoto

Liver-specific MR contrast agents include superparamag-
netic iron oxide (SPIO)particles and hepatobiliary paramag-
netic agents. SP10 particles are phagocytosed by reticuloen-
dothelial cells in the liver, resulting in negative enhancement
of the liver parenchyma on T2- or T2*-weighted images.
Ferumoxides and related iron oxide formulations have been
tested clinically throughout the world, and have been dem-
onstrated to improve the detection and characterization of
hepatic neoplasms.

Hepatobiliary paramagnetic agents are partially taken up
by hepatocytes, yielding positive, sustained enhancement of
the liver parenchyma on T1-weighted images. These agents
are referred to as “value-added” versions of extracellular
gadolinium compounds because they increase tumor-liver
contrast in both the perfusion phase and hepatobiliary phase.

Although only ferumoxides are currently available for
clinical use, many agents are in the pipeline. The possibil-
ity of “one-stop shopping” diagnosis by liver-specific MR
contrast agents is an attractive alternative to the existing
multistep diagnosis in liver imaging. Further studies to analyze
the cost-benefit ratio will follow, to determine whether liver-
specific MR contrast agents lead to change in patient treat-
ment and whether such a decision would be reliable.
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1. EBEEMERREEXBIFISPIO (superparamagnetic iron
oxide)

SPIOIZIE T CIZ EfE SN TV BFeridex &, BAAKERD
DSH U 555A (Resovist) & 5. SPIOI, BRLEE—&k
FeO, #5_#kFe,0:DiRAM D fhcore (£ SnmAEEE) Aidex-
tran®carboxydextran % X FE & L THEHEE L TaefkD X
& SAEN0~F100nm DK FE TR L 7o : LT 5,
FHE S L7 SPIORL UM Dopsonin L 45 4 L T, 58D
#180% HHH-HAMR (Kupfferfflfii) I B A S 52, Kupfferfll
Ja TIESPIO I lysosome S 124 L Tcluster 2 JZRL L,
K &\ clusterl 3 FFHTRES % #8685 L TT2* % 4046 L CTFOES
BREERART ¥ 5%, F 72/ S viclusterid KT D magnetic
center~DEFE R EZHFHE L, TIBLUT228HET 59.

T2*, T2HEMARDRIEIFF I8 T, @WIET2*, T25RFR
THAL THFOEFERT 254 2 L CHEEORBIEEL M L
SEL. LR LTIUENSRDGIRERH L Vs, EWTE
D)2 EFNE AN OESHEPHONDY. FFOE
GHERTH WL LRI 2R, BE-Fa b A
b A% = UAFRES O W% 55 % (Fig. 1, 2).
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2. HRUEATHRAEEIMEESE (paramagnetic hepatocyte-
specific agent)

R A R R AN AL R AR T L 72 Gd-
BOPTA (MultiHance), #SITI# R iG55 5 D Gd-EOB-
DTPA (Bovist), Gd-DTPA-DeA7’H 5. Z1513Gd-DTPA
B DERBHEIZ N ¥ U BR EPRBEOIED IS - HE
EREA L, FEEtEsTE < b BaEdtk )y U
PHZHLD sAE M9 { % 5. F7:Gd-DTPA & Mg L Tinif
HHEOFEEIHLRY, MAPTIHBMED ERT 59,
T RIS R AN PR & AREE % L IR 0T
M bk S, SPIO & it U TR A 45 R
T3S . 7272 LEEEDOFFRREREEA S > TH T & b Pt
SNB LV RBD  DTREMDHTERDD S, si-
nusoid (ZF3E L 7z AN IR EEQECIC X 0 A A % &
M L7z, FaENRrHER - BRIEEOREB%H 5 W IdigEL
BICHE) BRI A > - TUT I UGB 4 i b5
Bhwyk |2 & FHRe e 4 @l L CHILICI D A ha,
JFFRIREATIE 3 7 0y — A5 ORYCHEERIC & b K
fEgh, RATTIV7 0BG - IS %220 Gl
RAEM AR BB ICHEE S s, FFIRICELY A E IR
Tk &S U5 HEERI2Gd-EOB-DTPA D #450%%, Gd-BOPTA

D14 % THD. GAd-DTPA-DeAlLIE 12 IR IAEAS

# <, #990% ASHFIRIZHL D A F MRl X h B0, BT
MIRAF RIETERANE, B5FH O P2 Tl

Fig. 1 A 60-year-old man with hepatocellular carcinoma.
Fast SPGR (130/8.7/60"). Leit: precontrast, right: post
SPIO administration.

' Before contrast enhancement, the lesion was invisible.
| After SF10 administration, the lesion is clearly demon-

-—-...__....___a strated (arrow).

Fig. 2 A 52-year-old man with metastatic liver tumor.
Fast SPGR (130/2/90°) . Left: precontrast, right: post-SPIO
administration.

Before contrast administration, no lesion was noted. After
SPIO administration, liver signal was increased and a small
low-intensity lesion is noted in the lateral segment(arrow)

Hahh it 5 4 R Rk L 2 dynamic study (2 & 5 IS E D 54l
WARETH A, & SIZNFARES A (hepatobiliary phase) T
ZIERFEEIC xf CHIDEL Y A E NI A BESILT 5 2
& THEE-FFa > M7 A M EOBWREE R LT 5012
(Fig. 3). MEE-BFIEz2 > b5 A NS Aiz @i e (g & 4
% ¥ 7'13Gd-BOPTA/Dimeg TH5-140~90%, Gd-EOB-
DTPA T 5-1420~455" P L ShTwb,

JH AR S A S O i e, ANE TP T IRGd-
DTPA L 4T3 2 SN TIH B £S5 (Ml THOER
FEOMHEERIZ L VML 5. Gd-BOPTADTEN T
@Drl (T1EEHEE) 1£30mmol! . sec”!, Gd-EOB-DTPAIZ
16.6umol ! . sec! LEHESNT V15913, Gd-BOPTADE
WHLRENARFIEE 1I3Gd-EOB-DTPA |2 il L TR Flig~ D
BITR L HHHEEAM L, FIEES AT O+4 % g
WRIRELLTHIOEEZONE., DIEIZBT B EK
BERTH 5 1L72Gd-BOPTA O £33 54 120. 1pmol /kg T
%. Gd-EOB-DTPA % 5-41£0.0125-0.05umol/kg D[ & F
MEh, GAd-BOPTAD1/8~1/2TH %1%, Lyiv L0.0125
umol/kg Dz 5-1 TIEGA-DTPADO. lpmol/kg & 1) dynamic
study |2 BT A EHRRAH L Z LATT—0 v NTOHE 2 M
FRRBR CHERE I N TWE Y, —J, KRES &HGd-
DTPA & [il—T& 5 Gd-BOPTA (&, % 1o JFHiE %=
dynamic studylZ & o> TEZW§ 5558 12Gd-DTPA L A% T3
BH T EHOPENCBTAE 3 HEEERRICBVWTHRES L

HAEERESHE $Ho61% § 105
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7o BRI SR A A BT A A g & LW
YL, dynamiclik(% TOBIIRHI bﬁéhﬁMﬁuﬁm%
OMMBIAMEEEFEH] & F%EHF TR EE ISR T RED
ErOMFEPLETH A, Fi, METLEICELERNY
ET‘%’(’HE e T, B T oI RS EA L
{HIBNTWA, ZOEIGIZFIRESARET S FFIHE~
DRATEDNE {, FHROELDROL T EERD S
EAEHMICEMTE S L Ebhb,

FFIEEMREOZRCH (T AMREEEFIDOEVLS T

1. #HRRALEMEGHEREI £ SPIO

BUE, HMOEEMRIDHIATIZH 72> Tid, SPIO &#flif
AL PEGdE 2 5] (Magnevist, Omniscan, ProHance,
Magnescope) D#RHH 5. FFAlfaHE T i3I/ G %
AN & Ddynamic MRIASIER IZHIRHT, 2L MmMED
0 A i g RS BE (X dynmaic CT#E® T 5 & EhTw
AV, BHICHELET AL MMEOHREEZN T2 L
9 FEBETIE, dynamic MRIIZSEA U TSPIO % 45— iR & ¢
B —AEAhwvEeBbhZ, Tangbld 2emLLF /N E
Hﬂmﬁwﬁwmdﬁd@mmummmﬁoﬁsmo;h&

Fig. 3 A 62-year-old man with hepaton,ellular carcinoma.

N5 LR LTWAEY, SPIOIFRZAER] T I3 RlkhE
DETIZE ) FOEFSETIHMMEONRVIGEERA LN
519 ZiIxt LENRAERE 12 A S e il B A i
FRFFRZOF Db 63131352 L& ahEh
fFroh, FLMEBMEERIGFEONLEATANTHS, L
A LSPIOIZdynamic study |2 TAHZ & L T S 3 AP-
shuntDRIEL EVHEITH B, TAEZL: & OEEE O T
N8 D R FT 58 A7 1 Xdynamic study (2 T REICAHRZE & &
I HREETH 5755, SPIODHEFE Z M L &2 2555 4\
(Fig. 4~6).

SPIO{Zdynamic MRITHH Sk 9 %3 F 1) vascu-
larity D& < % VIR O, IRIERGETEL (AH) - R
J%"réﬁ’ FHIPE TR (FNH) 7 R8N R & AREE L T 5 T8

HEBHIZERTH 5 (Fig. 7, 8). 7272 LIRERETZE

T@HHMiU%Hhﬁ&#mutfhéﬁﬁm%%%w

w0 E R HE & OB TIZENREREICH ARED
overlap,@‘Ji O, MEERERNIHEL WS, EE, £ D
HTEASNTWADSA Ehelical CTAS Ny %> & L7z
angio-CT(ACT) Y A7 L I2X Y, &5 IZCTAP(CT during
arterial portography) % CTHA (CT during hepatic
arteriography) SMifT E N B L 9l >T &7, LHL

S0 bt J""!I

Dynamic Fast SPGR(140/2/90°)images using Gd-BOPTA (0.1 mmol/kg). Before contrast enhancement, a hypointense lesion
was noted in S6 (arrow). Thirty seconds after Gd-BOPTA injection, the lesion was markedly enhanced \anow)
Ninety-two minutes after Gd-BOPTA injection, liver signal was increased and the low-intensity lesion was demonstrated (arrow)

Fig. 4 A 69-year-old woman with pseudolesions due to intrahepatic AP shunt.
Left: On dynamic MRI(Fast SPGR 130/2/90°), multiple early contrast enhancements were noted (arrows).
Right: after SPIO administration(Fast SPGR 130/8.7/60"), there was no lesion that showing decreased phagocytic activity.

FR134E9 H 25 H
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Fig. 5 A 64-year-old woman with recurrence of hepatocellular carcinoma
Left: on dynamic CT, tiny early contrast enhancement was noted in S7 (arrow).
Right: SPIO-enhanced Fast SPGR(130/8.7/60")reveals that the tiny enhancement was a true recurrent lesion (arrow).
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Fig. 6 A 70-year-old woman with local recurrence of hepatocellular carcinoma after chemoembolization and pseudolesions due to AP shunt.
Upper row, left: plain CT post lipiodol TAE; middle: on dynamic CT, multiple early contrast enhancements were noted in 54 and S8(arrows);
right: SP1O-enhanced Fast SPGR reveals that only one lesion adjacent to the lipiodol accumulation was a true recurrent lesion.

Lower row, left: on dynamic CT, an early enhancement was noted in S5(arrow); right: SPIO-enhanced Fast SPGR showed no lesion

with decreased phagocytic activity.

CTAP - CTHA IZsensitivity A¥E v b O OFF R A1 %
WD H Y, SRICIZEETET L. BEESL R L
specificity D\ SPIOSE FIMRUTIFZE DA HEOMERIZAHH &
Bbns (Fig. 6). REOWMETIE, FHABEOZITIC BT
4SPIOfFFAMRI £ ACT % I L T, SPIOIZACT & [A%D
sensitivity Z78 L, & V) #\specificity # 7R L7z &9 19,
e 1L HEMRURAERS O 72 5 T O FFHIFLHE B3 O

IZH7zoT, 3 7 HUMNIZCTS 5 \WIZMRITDdynamic
study AT S AL TV B DEDE —IED & FEAHI SR D IEHE &
L. CTw 4. dynamic study?s &L CTWLIESPIO, ShTwi
T UEGAAFFldynamic study 2 FHI & L CHIATS 5. F728
Fithroughput D 2> 6 DIFHRFE L LT, F—0B& 13 Ll
HaA G REEF) & SPIO % [7] — tfﬂi'Ei R L7289 #t
EASNT VRO, 1 ~3 BER LRI R DIEFA & EH L

HAER S Heldk H10%5
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(A) (B) (c) (D)
Fig. 7 A 64-year-old woman with adenomatous hyperplasia.
A: On CTAP, there was no perfusion defect. B: On CTHA, a hypovascular nodule is noted in S7 (arrow). C: On unenhanced

Fast SPGR(130/2/90°), the lesion was slightly hyperintense (arrow). D: On SPIO-enhanced Fast SPGR(130/9/60°), the
lesion took up SPIO and became hypointense compared to the surrounding liver (arrow).

Fig. 8 A 6-year-old girl with focal nodular hyperplasia.

Upper row: on dynamic MRI, a large hypervascular tumor is noted in

the lateral segment (arrow).

Lower row, left: On unenhanced EPI(2000/80),the lesion is

hyperintense (arrow). right: After SPIO enhancement, the lesion sig-

?a\l imte)nsity decreased, suggesting the lesion phagocytosed SPIO
arrow).

7oA, GAiEigHl L SPIODWT N2 @l H T, &fl 22, HEMaA POMEIIZ) T3 GL TR ELRN
DAL S H S5 &R OB WA HEE 8% A5, BB D%\ A7 ET 4 double contrast MRID 2T

b, 7272 LSPIOIRGA A & 0 b i RAEIES 5 HEHAEOBE PR ETHS ).

DT, MAHHT S ETIUEIGHERAZ I AL <E HAEREA G ERASEST TR DSPIOSLAISH U 555A Tl Al

THAHY, BRFHEINLZ L TlEHAHAH, Ward5I3GdiE DA HETCH S, TIHMFHIGRE (FLASH) |2 TdynamicHixf% %

oA E SPIOD & % i L #zdouble contrast MRIIZ &L 1), e R A A 301"1‘Fﬂ FFlg O ES1uhAT = 5 &

SPIOHH & 1) fFHlfasE o2 irldm L35 LME L Tw WwiEsh Ty, EHERBEN LICHES N2, Ll

SERE 134E9 H 25 H 7
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Z DBIR (Iperfusion phaselZM &, MM L & b IZ)F
ERIEICHRT 5. SPIODHIDMEHEL LTI, SliHED

ATRE7ZSH U 555AIXIME RO HFE X ) L &4 2 Z EH5T

& 52, L UFMIEHE 2 &% M MES 2 GdRH D dy-

namicHxfZ & FRRIZSPIOD SlilHEIC X W EfE5 & L THl
HENBEDITOWTIBEEMNT, & LASPIODZkEHEIL
R R EZIMMEREE % P L IRE F®E S kT a2 T
YEFIAVEEREEBEILICENTH A, SiltEIEL
A UG % A L 7odynamici: TEIZE & 2 il e
B, NEHIMERANOMBES EAO AL & T EER ST
DEEMEDTUHE L 72 MBI 20 & BV R L TR %
BT LI ETHROONS, T, mA&s i L
72 \VSPIO TORERAME S LA, TUEMERIH X 5 IEm
ERAOIMBAS S LANEMRE R BIZL LT B2 L HEE
N5 (Fig. 9). 474I3ISPIODbolusix5- /512 b THAi %
ShaZLEFHEENS,

LRSI T SPIOBE FIMRIIZ ik & %) 19 7 JE 45 1
HEZWETH Y, EEFE L TSPIOSE —RIRTH 3
(Fig. 10). X /:SPIODTUMMEEZFME T2 LT, M
B2 EORMEELEREOENZIAEETH B2
(Fig. 11, 12). ROCH#HTIZ X 1) SPIOF: MRl dual phase

Fig. 9 A 77-year-old man with hepatocellular carcinoma.

Ddynamic CT & ) FHEB OB EEIIEEN S L ShTn
%), GdRERH & FV2MRIRPCT TldM T & 20 Wil
R OZMIC I SN D L) BT, ERETRETlIus
IZRWTHIATENTRABRETH B, O TIESPIODKH
HEIZIZIZCTAPIZILH 2 & ity 722 . i Strotzer &
(ECTAPOEERB MR AEIZISPIO L D BENTE Y, T4
TR E LB AICIICTAPR BT E LW ERE L T2
%, SPIOIICTAPDIFRENK X % H3— L TAEIEE D
B THBRBETHH A, 7277 LE/NMNHEBEEZ KRBT
HHEHT, FREMESGOBRICLYVKREL AL L%
BURRHEIZH > TB L RETH 5. HNBHEFEmAY 12 F
Wy 2RI AR E R ICRE Sh, ook
SROEERE T FRTEEAE W 7208 3R o E
JEANE 2 B2, L7285 TSPIOIZ X 2 FFEB O DS
(&, YRR O B I TIIFFBR D BT
Heb 2, EWFEMNREORVETIIFIBRDAL O HiB)
ROfRE: % RIE 4 5 S TR A HEo.

2. BHMERTmERLE RMERH & SPIO
414, Gd-BOPTA, Gd-EOB-DTPA, Gd-DTPA-DeA7: &
GdR MR RS R ATRRER S h s L9 s ki,

e <
L= SRR

-mumg!;ﬂzsmum.

Fast SPGR(130/2/90°). Dynamic MRI using SPIC (Resovist). Before contrast enhancement, a hypointense lesion was noted
in 81. Thirty seconds after SPIO injection, the lesion showed a slight signal increase, but so-called “tumor stain” was not
recognized (arrow). One hundred seconds after SPIO injection, the liver became brighter, and lesion-liver contrast was in-

creased (arrow).

HAEREKRSE #6134 $H105



HA ik 531

/¥ Fig. 10 A 63-year-old woman with metastatic
/% liver tumor from colon cancer.

/" Fast SPGR(130/8.9/60°) post SPIO adminis-
' 4 tration. Multiple metastatic lesions were noted

~_dll (arrows).

Fig. 11 A 52-year-old woman with metastatic liver tumor.
Upper row: contrast enhanced CT.

A well-enhanced lesion noted in S8 was indistinguishable from
liver hernangioma.

Lower row: Fast SPGR(130/2/90°). Lett: precontrast, right: post
SPIO administration.

Before contrast enhancement, a hypointense lesion was noted
in S8. After SPIO administration, the liver signal was increased
and the lesion was noted as a more hypointense mass (arrow).
Ring enhancement was also seen, suggesting the lesion was
malignant.

R OBIUITE LTS SITH7- BN PSS, Gd-
BOPTA [ PRS- GAMagnevist 7z EHIEANEMEGd Rk 2
# & [F4%:0.1 pmol/kg TH V), dynamicifg Tlallasbik
HGARELANCILE T &Rl REE NS, Gd-
BOPTAD RS 3 HIAEROFER, [A#EHGd-DTPA Dvalue-
added version T % Z & SRR S 7212 (Fig. 3). T 7cb
LI Tlddynamicif2 TOERAIERF ICHERTH 5
A%, 40~12057TDdelayed phase DHR{EATS S I ZFHINEY G
5.2 5 LEHE & NHEFAT28% 12 A b2, SR
T, FEROHBEAMEHEGRELANCEDL Y, Zh o
FafF RS A VSN2 WTEEMEIZE V. BRICITREZEC
EFRHETCIC & D Kupfferfifa DA AARE—IL L, F72MIR

FR134E9H 25 H

MFEDET A5 Y SPIO DT &R RANRES L DA —
EBbl L%, Lz o T MMMz LT
1, JFFBERE R HEP AR AR 12 S2 B S Mk W dynamic study 25T
RET, P ofFIEES A T OSBRI O LSS
s F R SR AIAISPIO L D EFE N A6 Lz, /-
72 LGd-BOPTA & H:# L TGd-EOB-DTPA, Gd-DTPA-DeA
(EEIS T NOT A5 SArARVAIDANG 'S 2k s R R/
ErEsh, IR L TR b EE L dynamicli TO
RifiRges LT SN ECHRPRES NP ED B
OMFIFEETH L. b fFiasy R E eI E&n
FHEFAE 0, P TOTIEHEIXGI-DTPAL Y ET
BWOT, EHEIC X2 SR ROREE H HFEER
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Fig. 12 A 63-year-old man with liver hemangioma.

| D BURE S RDEE

Upper row: Fast SPGR(130/2/90°). Left: precontrast, right: post SPIO administration.

Before contrast enhancement, a low intensity lesion was noted in the lateral segment (arrow) .After SP1O administration, the
lesion was noted as a hyperintense mass compared with the liver (arrow).

Lower row: T2-weighted single shot Fast SE (24377/98).

Left: precontrast, right: post SPIO administration.

Before contrast enhancement, a high intensity lesion was noted in the lateral segment (arrow) . After SPIO administration,
the lesion became as dark as the surrounding liver (arrow).

BMTEALEDLRS,

—HEER N AT B SR D5 & B2 1) PR RE
<ﬁt&m®ﬁ,wmm;o&ﬁ$HNMW%¢ﬁﬁfé
LRTHATH S, MRS EANEE LT, BB
AR ER L CRBIMEE 02> S A MBETLT
B DSHEEIZ 2 5550 H D, SPIO L 1) ZRrAYBR X134
HEFHIND., 72721, FHE% EHEFEEOFFEMICdynamic
studyAVEHT, OB LR LT WERERTIZ, IF
MR MRS AN & 0 1 B O CHEAHE & FHikOmE %
Al & 5 W RgtEAH 5.

SHEOREE

B 13 C I SPIO & FEMRIDT O WS B C 572§ 15 %1
I, FFHifadELc 35> Tldproblem-solving modality G 1) ,
AR IS B W TIZE —RIRO IR MAE L £ 2 T
Swellbhs, 272 LEESHICESTSIX FO—#FL

10

BE4RLETHY, MEZOPUSIIREHEONE X HI12h
HZEIIEBTHA. BHTIETTIZE L DBMEET
rnodaliry i1 C DT it cost-performance D LD~ 7 T iy

HEHRVHEAT VS, 72 & ZIESPIOHEEMRIIZdouble-phase
dynamlc CT& 0 b JFEMESORHAEESEN TV & v
FEFENTWA, F Eldclinical value (CV) & estimated
cost(EC) L v ) if&%#EAL, CT, Gd-MRI, SPIO-
MRI, CTAP/CTHA® % modality % [lbii L Tv 230, Zhiz
3% LR TI IO & L TIZSPIO-MRIZSCV A
b <, ECHCT, Gd-MRI& f3E7% <, b Atk
ThbH I LR EINS, THAREOHASHETIZG -
MRI + SPIO — MRIZ*CVASi b @i % /R L, ECHCT
+ SPIO — MRI & (ZIZ[A%SFTdH o 72, — 7 IFHINERE T3 HLph
At & L TIICTAP/CTHAD R bCVIZEN A AY, ECIZDW
TIHCVE 2 LDGA-MRID 2 L EEI 2 M Tho7-. W
FEOMA4HETIEGd - MRI + CTAP/CTHADCVASR b
VR %R L7245, ECHSPIO — MRI + CTAP/CTHA I

HAERSGE Fo14 £10%5
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KNTEHIANTH -7z I 2 ICHIBEANEEGAEH) + 0T
& B H R RS A Db UL, Gd-MRIDcost-
performance DYFHAMFES 5.

HA & AT LA BRES SR Ol BE R0 i 5 A R A F o Ml

fivE o

A1, — Wkl Zcost-performance 721 Sk EF T 2 &1
HLv. L2 LAROFFFREMRLECH O RZEH N O
BRI BT REOFFE L 7 A PEIRA~DOE DL, HR)
KD OGN EMETH 5.
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