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Assessment of hepatic function with gadoxetic acid disodium-enhanced
MR imaging: Overview and future prospective
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—{ Abstract

Assessment of hepatic function is crucial in the management of the patients with chronic
liver disorders or to prevent liver failure after resection. Additionally, regional evaluation of
hepatic function has clinically profound significance in patients with inhomogeneous local hepatic
abnormalities. The newly introduced hepatocyte-specific contrast agent gadoxetic acid disodium
(EOB) in the clinical setting concurrently allows for evaluating the hemodynamics of the lesions
like standard extracellular contrast agents and hepatic function due to its specific uptake into the
hepatocytes and lately, EOB-enhanced MR imaging has used for assessment of hepatic function
as a non-invasive modality. There are several approaches of assessing hepatic function with EOB-
enhanced MR imaging, which are divided into two main directions measurements of hepatic
parenchymal enhancement and biliary enhancement. Some methods have already indicated that
the results were closely correlated with well-established quantitative liver function tests such
as ICG clearance test and also could provide regional hepatic function using the obtained liver
function map. In this article, we review perceptions and utilities of EOB-enhanced MRI for the
assessment hepatic function on the basis of the recent published studies and discuss the future
prospective.
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LWENERAIE WA S, TS MRZE OB
RPN I 1T 5 EOB 5 MRI DA I DWW T
BELOMERLEINTVWBLEZATHEH, &
5 —DDORNFIT b 2 HHERERH ~ DA FHMEIZ D0
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ThH5. MWk TH 5 HHI5 (liver 15/heart 3)
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EOB I3, KEMO GA-DTPA%HAEIKEE LT,
Mg IgATEO T b F Xy DL (EOB, ethoxy-
benzyl) #E AT 5 Z & T, H#kDGd-DTPA DA
Hasb it E A ORI A T, EE R
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P55, ek GABA & RO #jRE %R
L, &4 F 3y 212 & 255 O 5Tl 25 7] 58
ThD, JEFFENISHIZINE (extracellular fluid :
ECF, i A+ ML) (20§ 5. 20
B 5- XN 728 RAOR50% 3R EM L b T v
A — 4 — (organic anion transporting polypeptides :
OATP B1/B3=0ATP 2/8) % 7t L THF#lllgiZH D
A, ATPARENED b5 Y 2K — 4 — (multidrug
resistance protein : Mrp 2) % T U THHE R IZPEH
b, FEDKS50% D EOB SRR X 41,
Bl o R ICHE 2 5. MB%E&F%%
(0.25mol/¢, 0.025mmol/kg) &, HIZHENRK D Gd#L
#D & D (0.5mol/¢, 0.1mmol/kg) & KA, il
WrhD g v so (FLT I V) E10% FEE A D
% Z & T, ERDGd AN HRE W TLHEA (T1
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relaxivity) /R L, EVEEIRSHR oS, K,

134 (rat), FFAi (rat) (24517 2 EOB O T1 relaxivity
1%, ZNZ5.3¢4/mmol sec, 11.24/mmol sec, 16.6
2/mmol-sec T 0 T Tt & &Mt /3%, Z
ML TGAd-DTPATIE, W hDIREETE EOB
DAIZF6 1) B FRAIRERE & [RIFFD 5 €/mmol-sec & T
5. ik, pEAoOT) 2a~v (v i, OATP1
ROZHERTEOBLHA TSI ENHOLEN TS
723, PUEAIRE T IZHW\ T3 EOB R MRI D&
MRS AW EE S ARV ERE I TV EY,
EOB DIFHIIE DD A AL, $5-#4990 b 7>
SHGE D, 2571 PR & 5 5 TECFIZIAK

AT S.

F 72, #1055 %2 5 3T HIlEEHEE 50, I
fifidng < $um S h, MEIMEESILL, Fa125
THRIEEIZEOBOHE R AL NS, DL %
54200 F Tl2id, BTt 20, FFbkE
DRI 2 K FEGE 5. %85, ECFIZoh
$ % EOB O T1 &ffih R (8.7 ¢/mmol-sec) i, ATl
DD (16.14/¢/mmol sec) & LK Frr & S hb.

EOB &R MRI (2 & 2 FF1%8E T4
EOB &R MRIIC & 3 IFHBEREAG 73513, IF9E
BOBMRENS D&, JHEAPHE X7
EOB D& AN R4 VW 2 ~ D0 & DIz KAl X
%. Table 1128 DRI, Kiik & &RT.

1. H?E@E?ﬁ?ﬁ%’&ﬁﬁt‘éﬁ&i

ZDOHFEEIZIE, 1) &L (contrast ratio), 2) #%
Il (MR relaxometry), 3)&ER4 4 F 3 v
2 (dynamic contrast-enhanced MRI : DCE-MRI)
D=DNH\EN5.

1) Liver-spleen signal intensity ratio (LSR),

Hepatocellular uptake index (HUI)

EOBME % DOIE S IC#E 2 5 2 212X
IK:ﬁ@é@ﬁ%é — DI H D A
N7ZEOBIZ K 2R TH D, &5 —2IIMeE
W&ﬁgwﬁwfﬁémmu%ﬁbtmmni
28D ThH 5. NTHBERHAN I 3ATHIfE D EOB
O IAALNNME L 75 DT, EOBE#H%DHL

ICIFE S 25H$ % 72 ClEA~+53Th D, ECF

Vascular space

Extracellular fluid I—

(Radiogrbhics 2009 ;‘29 :1701-1724 & V) —EBEE LEHA)

Interstitial space

Fig.1 EOBDEjEE

HBE5%EBHEICIZ, EOBIZFEEERICHIINE (extracellular fluid : ME R+ HEAERERR) (5% L,

¥150% I3 FENLE bF AR -2 —
DRI AR—%2—
%0 SR ),

(OATPS) % L CHF#RZICEL) AT h, ZD#%, ATPkTE
(Mrp2) #- L TIBSERICHEH & N 3. £/,
2NBICTFEIREEE B ECFICIA AT 5. #9109 H 5 IZFTMAEESR

FHfBE\ DRV AH &, BE

Heny), FH125 TRIEBEICHE» # 5N 5. #E5ER207 % T, RIFLMREIES N,

FREDIZEIN RIS K 2 BEE T 5.
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Table 1 EOBERMRIIC & 2 FFHEEEFFAD & HiE & T DELIFH

7 &

EE

Liver enhancement

1. Contrast Ratio
(LSR, HUI, etc)

-BETHY, RBERL TVWBIEER
-ECFIC % L/-EOBDEFAEZ ML, EHBIL ZFFRHEEHEASE

b s ET, DETHEEERHE G FIAE
- HRERIRRL/NT X — 2 —DKIFEN H ), BRECOPEEY H 5

2. MR Relaxometry
(T1/T2* mapping)

- MRIDESRE ZEHMET 34 <, ESHEAEICEE» HB D, ZOF
& CIHEHEICEWFHEL» TE B

cHEREmMap THRRT B LKV, HITHEEESHEH R 8E
CHRHOV I NERE YT IADRE
- ECFICA % LAEOBXHMANSELEZ T3

3. DCE-MRI
(HEF, irBF, MTT, etc)

- BPRERE & BT Mo 0 35 OO FFHi P BE
- SHOBTY 7 b EBELBRYDE

- BHRTOESHAYLETH)BIMEIERT 520, B (IF
R ENCLIHEBEZITIPT L
CBRELCOVWTSHEDOR N DE

Biliary enhancement

BB EARADET, WF—2T0O M- VEBRNTITA, BITIC
BRlEY T FHRE

- BEIHHEH L XL ORERERTE IS %D
- BEAORNICESE £ & /2 ¢ IEEREN T I3 MmEEE

* Abbreviation ; DCE-MRI=dynamic contrast-enhanced MRI, LSR=liver-spleen signal intensity ratio
HUI=hepatocellular uptake index, HEF=hepatic extraction fraction
irBF =input-relative blood flow, MTT=mean transient time

(2534 L 72 EOB D RN RO B 4 B4 5 44
Whd 5. IEFEFITIE, HFEEIREO ECF O &k
BRI E S h, Mg TIZEOBDHLD AL 7
WO, MIEOER L, ECFIZ44h L 72 EOB
DEIRE LSHBETA2EEL6N5. OF
D, EOB#E# % ONE51%, HOECFIZHARL 72
EOBOESEHEPIL DLW 2N TX 3.
L7z ->T, iKMo ESEH\wsZ LT,
EOBI D AA K % i 5 FHI 5 Z & A THET
#» % (Fig.2). Motosugi & 137, 4 M4
A (M7 07 3 U, e VLe vl u
b u ¥ Vfl), Child-Pugh%3f, ICG 15%ii&
EOB TRIF &R S iz & L7k (LSR 1.5
P k) oiHBEBE R A #ET L, Child-Pugh %3 %H, ICG
BAMETHEBERHEBES R OhZ2e®E LA £
7z, ICG 153 ED AR, BifcFdEwrnfohsd
BEEE L THBZENH D, LSROSAFHERED S
NOFEENRIE X /- & EEL T35, Nishie
513”, LSR, LMR & TcGSAY v 4 7 4 (LHL
15, HH 15) & OB EBKRET L T 528, wWih
LHHEEOHBADH -7~ & LT 5. Yamada 5

137, LSRIZHINAZ T & SITHFAR (VD) 2 &R L 7=
{8IEC& %, hepatocellular uptake index (HUI : V,
[(Ly/Sy) —11) ZIRE L, ICGIHBRHE L IERIZR
WHEBRE N L L, ZORETIINIFER 2
MEZITHAANT NS 728, FRAPTFFRRERFAN~
OHMAMEERENZERELTWS. 72, Z0D
WS T, MIEAHUMEIZ S A2 22812 D0W T8
B L TR kv, D% 0, MIREITHE
FEIC & B ECIE, AREREOMIE A4, Mg
IROEEMET LT, ZDOMRECFRIEDT S
ZENEMETLORGENSHIENT WS, L7z
25 C, JRE A P S EFITTIE, ECFIRA 2,
Se W/ NE L 78 5T, HUIWZEREX D K& W%
N RV B D, T OIS T & RO AR (Vs)
723, HUIL L ICGUHRHOMBIC AR A E 425 2
72l L, EHICEMAIRELRNT 5729100,
Vs EZBRTHMNENRD B EERL TS,
2) MR Relaxometry (T1 mapping, T2" mapping)
CTl & 135872 ) MRIDE 5, i
137 <, RFBEA OMIEHRFIZ LD FIZZLL T
W3, 2078, IEMETHIMED » 255K D
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FHINC IR A 5. ZHIsx LT, TL#E
FIEERT (R1) R0 T2 SRR RS MEHEI R L, F5
ARIEFHINI R U Thk A B % Z 1 I2<n e ng

M, BN AEEEE A%, EEIFFREDTL
FEFIEERE 3T T 800~900msec, 1.5T THY500~
600msec T & %. Katsube 513", 3T MRI % F >
T, {#ETE, 1SMEATFJERE, Child-Pugh AFREZT,

Child-Pugh B T fiffi 25 B % 5t % 12, Lock-Locker
sequence 7* 5 1§ 5 1172 EOB 3 #1% ™ T1 mapping
% JUIS TLAEMIRE] 2 SRl U, AT AR REREAE A~ D&
FIZOWTHET LT3, {@%ETEClE, EOB#
5418 4y THFS2E O T1 A% HIRER] 1d 400 msec 74274
ZHIME T 228, 1BYERT &2 AT EEZETHF (Child-Pugh
A, B) T, 500~700msec F2/& T & O JH i O R
A3EkE5 L, Child-Pugh A & {57, Child-Pugh B
JFEZETRE & 2 OfhDORE & ORICHEZENA SN
LLTWwW3. F7, EOB#5-# 1855 CTOTIHEA
REE DFERERIL, (EETED60%, ML LT
#161%, Child-Pugh AFFHEZHEA I 55%, Child-
Pugh BIIFRIZSREA$45% T& 1), Child-Pugh B
JFREZARE CTIEZ DMORE L iR L THEZEA RS
A, TUREHIIRE A 0D JE i 22 45 % % Child-Pugh BAT
WHZE 2 D cut of ffifl & U 7=RE DR, FRE, IF

B 1382.3%, 851%, 84.6% TH-72& LT
W53, Ak, EYEFEEGITEOBIZX 2HFOTL
WA A ML R4 2 HK & L Tid, FFRRfrmEzs
TiZ, OATP8 = Mrp 2 DRBAME T4 5% & Wi &
NTWBDT, ZhAELEREZELLNS.
ZOWETIE, BIE OISR TOR 5
DRV TH o720, Gl 8E R TR vk
(Lock-Locker sequence) #% 4 T & 6 IZMFIT 5
MERHHEEL NS, kb, FAKOFETHE
HWONENAIF & NASH #8535 ilA e L hTn
T, ZOWMETRRIFLEMREIBF/ENTNEDT,
EOB i 5 MRI O IT## ML O FHG ~ O A FME: & R
XNTWBYY, —7, EOBIZM T FEHiRhH % 5
DR B B Z L6, EEITTLFmG (51
HIHI3D 25 7 4 =¥ b T15RHMHE) THE A 475
2, TUREREIRIZ NS & 7 OFE IZRRH 08
T2/T2 IR e AbEH TS, ZDZ L%
R LT, 1SMRFREERITIE, OATP1R Mrp 20
RIS T AVE U, FRRERT H EE & 120 U T EOB
12K 5 T2/T2" M R § 5 & PRI 5
Z &5, T2" mapping & FH 7= ITHEBEREAM & 2R
ABN T35, Katsube 513%, 3T MRI% vy, fi
T ¥, Child-Pugh AJFIEZEH¥, Child-Pugh B

Dynamic CT

EOB-MRI

99TC-GSA

| e REIH T | |

HERERIATE ||

IESEES

tKTE (X EFIET > SR R

BRRiE

FrEE / %58 (LU15)
(LB AFESMMGHETR BT ABEEDZEEICLD)

Fig.2 EOBI&E& MRIIC K 2T FlReEHETE
Friga> b2 X b ERFREDEHAID 5,
=&,

DATHEEZHTET S ENFIRETH D, £/, BHN
ICG R1I5 E RWEBANE S, HFREEEICEN THS. ZhicH LT, EROCT

ERWE, FREEHAIC L 2HE TR, B/IGHET 21BEP» $H 5. £/, TcGSAY > F 7T LTI,

HEBBOBRECPPZLVWRAFHS.
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EREENRIC, MET21T 5> T %4, EOB#G-#%
Sy L@ & Child-Pugh AFREZERED T2 fEA1
REFEEAE RIS N L 22D icxt L ¢, Child-Pugh B
JFRRZE T Cl s itk CRE A2 LI R 6 hi
Motz LT3, £72, [ERRICT2* 5B
DL EFEHFTIE15% 2, Child-Pugh AFFi
EHTIZI0%REDHRE MDA LNEDIC
xt U T, Child-Pugh BFREZEH Tid 3% A & 1F
IFEALA 7 <, (&% L Child-Pugh BAFREZTE,
Child-Pugh AfF#Z #f & Child-Pugh BTl 25 #F
EDOMNIZHZEZEHN A SN, T1 mapping [FIFEAT
BEEE K BT HE 2 2 o TP ls A BE T ~\ O F A
INENEBMEL TS,
A BEEAFIVY
(dynamic contrast-enhanced MRI : DCE-MRI)
DCE-MRI &, T1 48R3 Ei{5 12 36\ T Gd B A
1% O time-intensity curve # #Hll4 2% Z & T, fif
@ perfusion B O MUIMEEIRRE (microcircu-
latory status) Z&Hli4 % F¥ETH D, frL T
SR AHIK D perfusion 7HAliE & L TIAK R L Tn
5. F7z, BHETIEEOB % W72 DCE-MRI(Z &
B NFHSRERTM & W< O OWMER D D, T DL
TIIHFHERE & T MLFR OB OFHli A vl g e Z & 43
e d 5. FHlifEREE LTI, hepatic extraction
fraction (HEF), input-relative blood flow (irBF),
mean transient time (MTT) 7% & ¢ deconvolution
AT % F 72, model-free parameter 7 75 & O
THY, ZTOFEMZIIHHOY 7 b 2 7 2
ZENH 5. HEFIIN A 5 D tracer GEFAI) D
PEHBE % irBF 12RO ROINIZH AT 5 ¥ — 2 [fil
FiEARML T3, 72, MTTIZROIN % &
A% 3 2 PR AR U, AN OEZAlD
PEH & 5 VB 2 £ A 5 O vascular washout %
[ LTy 3. Nilsson 5 13%,  J5i F& 4 HH v+ AT
175 (primary biliary cirrhosis : PBC) Bf & filti 2
viu—L#HERRE L THRE ATV, PBCHEE
HEF & MTT3EF R & IR THRISIK T L Tn
722 &AL, NTHSREMREE 2 XML 225 RCTh 5
EFHLT WA, F72, FHUHERE X 0 iFR6E
v TEERT S Z T, DR~ DA H
PEAURIEBE NS & WS LT3, —J, Chen b
13", dual-input single compartment model % >

TRRAETTC, BRI A EEIE O R RRAEAL A ¥l 0D K
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WEIETH B Z L2 WML TR, FRRME(L ST
IIFirBFEOIRIEESEH TH 5 Z & HRIE X
nTns,

Rk LTiE, SEHAOWNTY 7 & &8 i
BRETH 5%, BRRTOESHABET
I 2 BT 5720, 8 (FRAE) 12X 3
%2%%%‘z'c7‘%ﬁ“m,ﬁ7::£‘ﬁ%é. F 7z, WRMT A

DNWTIERZML XN DTIE AL, HIM

E@?éﬁnfé SHUETH B.

H ENESREZAVSHE
HIZHEH 72 EOB O 5 ik 4 &l %
t;@ﬁ%%ﬂﬁ%ﬁﬁ#éﬁ&é&éhf
né Takao 513", {dHEE & ASPERTREERE & 3 8
IZEOB ¢ 5-# 5 ~30 4y ODHE R DE 5 # 5l L,
&5 DY — 7 KRNI TE AR MEFREEFER O3
L5430 Th D, MPERFREERE CIRARITE &
KRR OS5 00 A EITIK D - 72 (RHRAE - fd
HHF=4.28, 1SVERFRRT#E=3.35) W5 LT\ 5.
%7z, MEESMEZE, ICG R15 & &< M
L, NHEREA L T3 Z R ahe L
T\, ok, AFBERERTAN I I EERR W ,
SRS / PHFEIC &k A EE Rk TIE, HEAO
EOBHEH 2R BN Z E NI T b, Th
X U TR M 25 & PHZER R D 20 WA SRR T,
EOBOHEIZ X D IHEAEFE X h 50T, HE
ROz 282D L Ebhb.

TREEE

EOB &5 MRIIC & 2 AFtéRE2 I ORI, |k
WLk 5 §<®é®#%6# Bl 1 T
i 22 LSRX° ECF 12534l L 72 EOB D& % %
ELZLSRYP e AN AR TH L EELONS.
H1Z, Yamada 5 13, LSRICHFAER A A AN
HUI Z$2IB L T T, 2 ORI E m AR RERT
i clRGEHEAS TS, ICGRI5E & K< I
T 5T EITAT, SHFREEE & E &I EHG T
EHZLh5, EHICEHVEHENR S TH
5. HHOMNY 7 b 7B EIZIE R B,
DCE-MRIIC & 2 IFBEREMi & A TECTH D,
HEF X° MMT 3 FH6E &, irBF I3FRAtE L & o
%ﬁf%éhfwf,ﬁ%WD 51, HEE
RCRiEICISHET 2720121, Zhbs MR A%
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MLET TV r—v 3 vy 7 PO b EEIC
oTLBElbhs. 7=, IFHEEIZIE, EOB
DTN DE D AR EHEHD2DOD L XL h H
D, INLEGHEHETSZ LY, SHRIFEEIC
BoTLBLEZLN, KEEEHIiDAZL 55, PBC
7 EOPEROEGZIETIE, HaiciitE s
WIFIEE R OERI AN DI H  WiF s h 5

BhHUIC

EOB&# MRIIZ & 5 TR REZ I D BLIK & Rk
M EIZDOWTIEEL L 72, BB U 7= & 5 1Bl
HTIE, WIRERABIC BT 2 WG & %%,
GRINRBIZ BT 2IEHEMFE s LT AT
H 0, FRCHEPHSERE R SR PEIHAE Rk O IHE
RIS WRHIZ 5 2 A A ENh 2 L b
ns.
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