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Preliminary study of the optimal delay time for liver MR imaging enhanced with G&-BOPTA YANG qin. TANG He-han,
HUANG Zi-xing,et al. Department of Radiology, West China Hospital, Sichuan University,Chengdu 610041,P. R. China
[Abstract] Objective: Using enhanced abdomen MRI with Gd-BOPTA in volunteers with normal liver function to e-
valuate the changes of signal intensities of hepatic parenchyma and biliary system in various delay time period in order to
choose the optimal delay time of hepatic-biliary system in subjects with normal liver function. Methods: Forty-eight volun-
teers with no hepatic-biliary disease received abdomen MRI enhanced by Gd-BOPTA with volumetric interpolated breath-
hold sequence, the hepatic-biliary system was studied 40,60 and 90min after enhancement. The SNR,CR,SNR growth rate
and CR growth rate of liver parenchyma,left and right bile ducts, gall bladder and common bile duce at different time points
were measured and compared. Results; The SNRs and CRs of liver parenchyma and left hepatic duct reached their peaks at
60min after enhancement, while the SNRs and CRs of gallbladder and common bile duct reached their peaks at 90min after
enhancement (P<C0. 05) ; The SNR growth rate and CR growth rate of gallbladder and the SNR growth rate of common bile
duct reached their peaks at 90min after enhancement (P<Z0. 05). Conclusion: For individuals with normal liver function, the

optimal delay time to obtain the best image of liver and left/right hepatic ducts after receiving Gd&-BOPTA enhancement was

60min, while 90min was the optimal time to obtain the best display of gallbladder and common bile duct.

[Key words] Magnetic resonance imaging; Gd-BOPTA; Delay time; Hepatobiliary phase

MRI S F JHF I 952 95 19 5 V12 W7 70 28 55002 Ik A
REWIER. S®EAMCT M, MRT B AT X 4
BRS HE W 2 S BB SR . 2RI
RS PEXT LG R A R A R KR & T MRT f 7 #4850 i
JUE 95 A5 B9 8 7 5 I B DN A f 7K 1 Bz e S U 2B Ak AT AR
Ao Hop, Wy gE X e ) EL DA i (gadobenate
dimeglumine, Gd-BOPTA) J& — F i &% ¥ T, 4 BH
PEXT HEF & A R R 5 40 A E] B (ECS) X B
I FE U 45 S %t EE 7] (Min-DPDP) fy W 45k, &
5003 H 1 55 R A S E L AT e 4L T st
B AT LA EAT I IE 3h 25 B E R B SR AT A L O H O H 4
U 0 IESUZ A2 HE W B B i 2 v . B Ab

P 0610041  FUAS DU 1] A 2% 98 76 S o i B
P A7 < W2 (1984 g+ DO JIT X« 56 0« 2 28 A 180 6

BIAEE . KW, E-mail ; ¢jr. songbin@vip. 163. com
EEWE WK ARGV ITH (81171338)

A B2 58 AR E £ B Gd-BOPTA Bk 1 RE % 2
o I IR 22 b Jey ek s 2 A Gt T 3 i ) D EL AR
T 7 P AT BT AR . k. GAd-BOPTA 3 5
MR ¥4 B 7 BH 5 6 18 3 (932 W RIR I7 7 8 110 i
£

R WFFEXT GA-BOPTA JiF AR 31 471 i (1) 48 38 i [i]
P B B 25 AN AH[R] S 20 A 78 3 4 HL ) S 40 ~120 min,
LI 1 A — B D) AR 2 DAY SE SR B R R AT R
T B AR BUAR B AH 5 55 A6 SEBR TARE A e s 4 AR
Xt E AT 2 W L R I 6 7 R
T A Fe 1 24 LA L T A S 3R B TR AR I PR TR Y
SERTI S N N IO N I o 8 W i R E R BT N
HIE 3R B[] 4 BG4 T 20 BT B3R AR GA-BOPTA JiF
JIE MRT $1 $i fo A 1A% B 1]



426 T 245 1k 2012 4F 4 A58 27 %5 4 ] Radiol Practice, Apr 2012, Vol 27, No. 4

W5 %

ABI ST ARAT R B AR BRZE 01 23 b vfE L AN A 2010 4R 9
H ~2011 4 2 J B3 204 1] K24 4205 & Be 4T MR K
PR AL 48 N B 29 i), 42 19 ], AR 27 ~
T2 4 ARG 41 % TR AR IR E Y TC T AR e I
Yo AT DIRER A IE R . HEBR AR vE RS . O™ & R4
PRGN 8 E D BEAS 4 s @ MRI P-4 & B N SR8 3
ik s @4 15 B il FL A Lo s @R A7 B Y Ik 5018 58 D) B
AR OARE I B b AR BUA HAth MRI & & 28 =
o A AR A A N [ A AR A A
FEIE L,

%1 ZRFEERLA )

2 3 % e %3
<39 ¥ 5 5 10
40~49 % 4 6 10
50~59 % 8 2 10
60~69 % 7 3 10

=70 % 5 3 8

B 29 19 48

L H T %

FAHi ¥R A Siemens Trio 3. 0T I-class ff IR H
AL ATRAR T M A P . 2 E A5 | 6h )5 UM RN
4 0 MR T 2 ) & . J6 F MIRT - 49 0m 2l 25 9
o A B HE BRI . PRSI HE T, T
MRCP LK T 5 58 A 5 77 1 8 25 AR X Y i (B
5t S K & (volumetric interpolated breath-hold ex-
amination, VIBE) J¥ 51 . 3l 25 0] £ 45 30 bk 1 . ] Bk
LV 43 4 1) 2 00 Sk 3 A R RS 15,55 Al
90 s JHFIH A& 3R A T 13 55 % L S 40,60 K2 90 min JF
BT . X HE R S B R] (Multihance, Gd-BOPTA
W A 0. Ilmmol/mD 0. 2 ml/kg &5 , 5% A & H i 4t
i 28 N DK AT S TS A 2~ 3 ml/s, TE 5 57 B
FH 20 ml A= B 7K DLAH [R) 37 28 gk o AR IE It % e
Fil Rt SN R N

V4. O TSE 4 T, WI ¥ 51 it i 5 e 45 1)
#£): TR 2000 ms, TE 80 ms, 4 [ 320 X 224, i ¥f
380 mm X 280 mm, J2JE 6 mm, 7% 260 HZ/Px; @ .
A PR AL AH B B [ 35 W] AH B s AH A (2D fast spoiled
gradient recaled ech imphase/opposed-phase., 2D
FSPGR IP/OP) T, Him 44 : TR 180 ms, TE 2. 2 ms
5 3. 57 ms. 4E B 256 X 224, YLEF 380 mm X 280 mm.
JZJEE 6 mm, G 930 HZ/Px; Q)2 A8 <7 iR 4E Bk
KR B i [ Chalf Fourier acquisition single shot
turbo-SE, HASTE) T, &k : TR 1000 ms, TE
90 ms, H 4 320 X 256, BLEF 400 mm X 400 mm, 2 &
3 mm, 17 %6 281 HZ/Px; @ MRCP: TR 4500 ms, TE

862 ms, i [4 384X 256, ILEF 350 mm X 350 mm, )2 &
40 mm, 4 98 281 HZ/Px; @ 7 PR NI (H 1 b UK A
(volumetric interpolated breath-hold examination,
VIBE) T, & 34i: TR 4. 03 ms, TE 1. 41 ms, %1 [F
320X 224 , 4L 8 300~420 mm, T )Z)E 2 mm.,

AW AE VIBE 781, B S 806 L. &
SEXF G 15,55 M 90 s R4 .

JFFEL AE 3R 35 450 4 < b 17 VIBE J¥ 41, 49 45 2 4]
o XA 40,60 K& 90 min FFAGHH .

2. W&ot

DB 2% BRF AR TR IE 20 A JPE A8 I 28 R JIE A8 ) 15 Ik
Lt (signal to noise ratio, SNR) , %f ¥, & (contrast rati-
0,CR) ,SNR KR A CR K, MBI . Q4
B e #E 3 AN Z A HCE 1A ROTJ, #EIFR
Mg JFE:; QL A ENERGESAERE 11
ROT 48 . R AT BE R AH A BE M 10 45 IR 5 O H 3% i
RIZHEAEHCE 14> ROT JH S, AT GE . {H kT JH 4
BE; I GV e s A5 S AL CE 14> ROTJH S48, R ]
B (HAS L IE S SRR s @ 7R JF TP 10 A5 ) s L
AbTCE 14> ROT LT e, (HANHE H B JIL 5 FR s
© M6 BE A i Iy Ah 0N, DN B A1 45 R] B CE 10 > ROT
RN 113 MEER.

R A

Horpr ST R 454~ ROT {5 5 (H 19 °F- ¥ {8, ST
SN TA ROLE 5 {E 5 E 1928, SD 1 5 oh i
A ROT 5 51 b5 22 197 1A

Ao A A IR R IH S48 ) SNR

_SlasfEorfleforlegE—SIHF

SNR S

CR— SLA® T giii()rﬂg‘é%x 100%
SNR # § % —SNR }iNﬁR*;;;R T8 100%
CR 35— R ﬁéi:ﬁg T8 100%

3. Bl g it

K JH SPSS 13. 0 B A4 i 47 %4 43 Hr » 3 A4S 42 3R 1
(] 5 B A2 A RELRE 75 A BT A VIRV Y SNRLCR R
T R LR A2 D S 1Y O 25 43 B A0 O 25 0 i
PR A B 2 S Wik — 2P R ¢ K5k (Student-
Newman-Keuls test) 47 W L&, P<<0. 05 #%IAH
ZRAGI ¥ E L,

& R

FFHERI ZESE 40 .60 F1 90 min (9 F 5 L& A . 4 1
SNR Fl1 72 fF 4 SNR AS[a] B} ] 5 1 22 7 LA BLit 24 &



ATz 2012 45 4 A% 27 55 4 ] Radiol Practice, Apr 2012, Vol 27,No. 4 427

X (P<C0.05), H#PIFEIR 60 min Kz . £ 4
SNR 7E & I [H] 5 22 5 A B A geit 4 L. JHEE A
SVE SNR 4B ] g i 22 S B A G2 3 L (P<
0.05), LA 90 min N f . LA &AL CR W LK 45
55 SNR R (£ 2) .,
TE 3 /N SE IR I AH H L JE 3 I S Y SNR 3 5

£ 90 min B i , 22 F A ST E L (P<<0.05), 4
JF L 20 45 R AS T 45 19 SNR 184 K 7 4% 4iE 38 I A 3% A
B E 2N (P>>0. 05,3 2), 78 3 4~ HE R B A v, JH 2
CR# K R A 90 min A fe i, HZE R A ST 2EE X
(P<C0.05), A 2245 JF& FIH B8 1 CR K&
TEA A TC B 3 22 7 (P=>0. 05,4 2).,

%2 TR EAAMHASNR.CR.SNR K %71 CR#E K F W1 %

X3 3R 40min 3£ 3R 60min £ iR 90min
SNR
& B 157.084+26.10 169.77426.34 160.49-+28. 39
EME 194.59-£47. 41 213.31449.28 194. 29444, 29
Vopiics 242.18453.38 252.48-+54.28 234.81458.48
X 99.764-40.97 141.224-53.10 156.8-63.89
Ao B 5% 232.88460.86 265.41£66.41 266.80176.91
CR
& 1.67+0.32  1.8240.34 1.80+£0.35
E R 2.0540.52  2.29240.61 2.1940.61
% I 2.5840.66 2.69+£0.59 2.6240.64
Ao g 1.06£0.45 1.504+0.55 1.8140.86
Az B % 2.4740.75  2.90£1.04 3.0641.11
SNR 3 ¥ %
i 0.83+0.21 1.03+0.27  0.9340.24
EIFE 0.854+0.31 1.1140.38  0.97+0. 36
% I 0.9940.28  1.1140.26  0.9540. 27
Re 1.02£0.35 1.70£0.46  2.2440.70
Ao %% 1.13£0.50  1.454+0.57 1.4740.49
CR ¥k &
i 0.875+0.21 1.0240.14  1.00=£0.18
EIFE 0.884+0.28 1.06+0.24  1.0440.24
& I 1.06+£0.32 1.084+0.27 1.0440.20
fe g 2.964+0.65 4.18£0.75 5.66240.65
e %% 1.09+0.37  1.37+0.35 1.5440.39
E:° P<<0.05
i

K2 B0 g Ve ) b 3R &R B e BE AR T ot 35 B
] R H I R E G AR A R — 28 0
LU 75 BB AR DRt 4 B HE i 0T HLAS R GE o A HE R
RS JHF JUE 1 I8 f i Ak s8R 6 B B A R B A
R 12 W (8 2 B FR . Gd-BOPTA % 52 Jit J&
GAd-DTPA(Z. & ¥ Tl L R AL Wi A 9, 7 DTPA
B A 2R 4 (benzyloxymethyl) K7 i . Gd-
BOPTA 4y ¥ 4544 (i H BB REAR T, st ik (8], DA ]
DLHEAT IFRE R gh A B s A 4. B, B 5 T8 AL
Bk 2 TR AN A O e AR 2T R A A A A
JHF 240 B 5 L B Ry HE otk . R0k S 8 e A IR R S 1 R
LU R0 T 240 1 A S e o b 70 A L A D g [) B i B i

S A I 0 R s 78 PN 2 A A AE T S RE 1 46 i L E
B RHBCE . 2R SCEE L GA-BOPTA 1E 2
LR L B 85 G K 1 3l 25 1 58 52 45 RN I I SE 3R
WHSZ A5 T 380 JHF 97 28 AL H R A ) T R AR 1
P

AT LB 5 HER 40 A1 90 min AH B . BT JIE A0 Z2
JHE ) SNR Jz CR{EHAEIE IR 60 min [y B 4% 35 3
KA. BARTEAFEEAMPRA LRI Eikg it
5 fH 60 min B AH A F- 400 {8 A6 48 T 40 A1 90 min f
s H P AEHET 0. 05(P H43 5124 0. 061 F1 0. 069) ,
AR EA KRG B LT SHEARE /NG
Ko [RG5S B8 T I 52 5T B A0 A T A8 0 AR AE T
Gd-BOPTA J5 60 min R 5 K4 A] GE 15 2] 5 (19 H 4
X EE . AXT FIER 40 Fl 60 min, JH LA FIAH 2 )
SNR J CR M Z7E 90 min i ik B fe M8 . Bt
A VR BE Dy I0 | JIE A8 Bl LR L A2 L AT REAE 1 9 Gd-
BOPTA J5 90 min B} >R 8 EUZ 3R 19 20 ZURF LE B 2
TH BB,

UL 0 JOEL A 0 e A i A B T i T 4 SR 22 A
4, % AT B8 5 Gd-BOPTA Mftii& A X, Gd
BOPTA (4R & 428 J2 Jc 2 2 1 40 M W i, 4R I 3 1o
ZEA A S o itk A NH 2% I B4 . DR G AE AR BF 5T 1
3 ANFE IR B AR T IR A A A I B A A R B A AE
5 Gd-BOPTA J5 60 min, 17 AH 2% F1JH 5048 1Y A {3 4
BRI AR AEE S S 90 min,

SNR 1§ KR LEFIE A2 A7 I A s B

St ENAE AR RO IE A R G 2 L AT RE R A
HHTH GAd-BOPTA (1% B2 A X BAR . 5 48 R fg
g1 8 F M E S wAE . e B 5E R IR B . Gd-
BOPTA #X R, 5 FHMLE S 2k, CR#
KB LGS R EA BRE ST 2 5 1R
RIATRE 5 SNR 3K R0, 540l T Gd-
BOPTA e 415 24h 4 BE 58 4 HE i 7R A1, Bl AR 52 56
o LAY T ¥ {5 5 9 b J2 40min > 60min >
90min, {H I [E] F R0 A MRS fEAR LR
Hh RS ] 48 3R B A A BE A4S CR K R A G278 X
I SNR £ R A Gi i1 2% 5 X nl A8k A ok ik 4~ Ji
.

25 b TR, BF O AR IE H AN Gd-BOPTA 3 3%
MRI $14 , AT BEFE AL IR 60 min [ R4S T E A0 242 A7 45
S0 A fi A 114 PR . T I 98 R B4 iR A i A 0 1R 1% )
HERREFE AL R 90 min B 4RAS .

Sk
[1] Lorusso V,Arbughi T, Tirone P,et al. Pharmacokinetics and tis-
sue distribution in animals of gadobenateion, the magnetic reso-

nance imaging contrast enhancing component of gadobenate



428

(2]

(4]

(5]

L6l

[7]

(8]

L9l

T 2E Sz 2012 4F 4 A5 27 %55 4 ) Radiol Practice, Apr 2012, Vol 27, No. 4

dimeglumine 0. 5M solution for injection ( MultiHance) [J]. ]
Comput Assist Tomogr,1999,23(suppl 1) :S181-S194.

2T AR B RIRT S TR MR i 52 70 &L DA e 12 T BE R
b P 4 R A Y B (L R S R4 [T . o 38 A1 il 5 1 IR
Z,2007,14(5) :598-604.

Tsuda N, Matsui O. Cirrhotic rat liver; reference to transporter
activity and morphologic changes in bile canaliculi-gadoxetic acid-
enhanced MR imaging[ J]. Radiology.2010,256(3) :767-773.
Reimer P,Schneider G,Schima W,et al. Hepatobiliary contrast a-
gents for contrast-enhanced MRI of the liver; properties, clinical
development and applications[ J]. Eur Radiol, 2004, 14 (4): 559-
578.

Aandi SNR, Brown MA, Wong JG,et al. MR contrast agents for
liver imaging: what, when, how[ J]. RadioGraphics, 2006, 26 (6) :
1621-1636.

Leen E. MultiHance-enchanced MRI in the characterization of fo-
cal liver lesions[ J]. Eur Radiol,2004,14 (suppl 1) :031-035.
AU, BT L VTE R L AL T E BT B X EE R Gd-BOPTA JIH i& B 1%
I R A 25 W 5E L0 ). o B b g 5 4% 2% . 2009, 2(5) 1 65-67.

ok A FERE . Xy B X B R GA-BOPTA T8 JFF E (4 i 1R Rz
LT, & b BE 2 < i PRI 2 23 W - 2004, 27(5) £ 308-311.

Stark DD, Bradley WG. Magnetic resonance imaging[ M |. St Lou-
is: Mosby,1988:161-200.

[10] Bousquet JC,Saini S, Stark DD, et al. Gd-DOTA ; characterization

[11]

[12]

[13]

[16]

of a new paramagnetic complex[ J]. Radiology, 1988, 166 (3):
693-698.
Weinmann HJ, Brasch RC, Press WR, et al. Characteristics of
gadolinium DTPA complex:a potential NMR contrast agent[]].
AJR,1984.,142(3):619-624.
Hendrick RE, Kneeland JB, Stark DD. Maximizing signal-to-noise
and contrast-to-noise ratios in FLASH imaging[ ] ]. Magn Reson
Imaging.1987,5(2) . 117-127.
Lim KO, Stark DD, Leese PT, et al. Hepatobiliary MR imaging:
first human experience with MnDPDP[ ] ]. Radiology, 1991,178
(1).:79-82.
B K. GA-BOPTA X i ik J5) kb 1 993 28 149 12 W ¢ (L L D1, B #F -
P il K24, 2010,
Kim YK, Kim CS,Lee YH,et al. Comparison of superparamag-
netic iron oxide-enhanced and gadobenate dimeglumine-enhanced
dynamic MRI for detection of small hepatocellular carcinomas
[J]. AJR,2004,182(5):1217-1223.
Kim KY, Lee JM,Kim CS,et al. Detection of liver metastases:
gadobenate dimeglumine-enhanced three-dimensional dynamic
phases and one-hour delayed phase MR imaging versus super-
paramagnetic iron oxide-enhanced MR imaging[ J]. Eur Radiol,
2005,15(2) . 220-228.

i B3 :2011-11-28)

35 7] JE 2K 8 F R U S R HT i 5 TE SC3E &

WP REMHAFLEIVGHER(TEESZHAMBRBE LIS H AP LEFL
NEBERAHEEETFAM T T 201256 A298~7T A1l BALETLE KRS

A308#7A1B8FRKKA,

HERFIEFFRERARCERIANA
2 E B, 6 A 29 BHRE .6

HPFFEFFRAHFROCAANBRDPER A UBLARAK"UFTEFEAIRDFARLRAALIZHN"UWRE,
AR FTERBESFHABETGHAAR., DERANALFE FHMER BASH AXRDARFFENFRBE—ANAELZF
AFZARGTFE., AR 2PABRRAHY R AEAKET . FRA ST @HA THRRGRI., HE 2012 F895NE £
WML R L E F—EH, KRANEIL NS EEZFRALKLT,

MEXL A EAER EEPEIRFEF R L85 Aot BEUAARY ., (DEXLFH —FH L M2 1967 56 A
1B RANBHBBRELETFENR FALRANERZ T RA., (2)LE 201254 A 30 BAT, R EXATFR AL
XTHBBEARFHRRE SHMELERNSTH AANETFFTERGLELAANZTRE EERBA T LAY TR, DL ERKH
SRR BETE.ZTLEE . XFM%.,

B R A P X ELRFLE T LR IEZR AR I EL Y HERN LA MG R, IR P IRELALH
Z(1000 F AAL) KX FRF(TEARFLEGRBAZER, BEFFHRBRREFH, FHLARFSKEFLELELK
WA ® AR iR, AR IEE A LR M LR A FE L A S Email et R A F A B 5 WE
B, EXAHRGFERES AEEH L, %AFH A word #% X Email X i £ % 45 3%, Email 3 4k ; ¢jr. zhangxd @ vip. 163. com
K, zhangxd@cma. org. cn, A5 B #1:2012 45 A 20 B, Bk & A W3k &R, ® 35 :13262631100, ¥F 4§ : aocnhnr@ 126. com;
TRme &, 895 .13611337779, ¥R 44 : cjr. zhangxd@vip. 163. com,

WA F M EFRKA L, IR X E PSS F 4 M 3k (http: //www. chinaradiology. org/csr/cn/) Fo ¥ 48 30 4
e £ W 35 (http://www. chinaradiology. org/csr/cn/) H £ A dgif 4o, KR T AU R B RB U EHRFT [ £% 5 10
N

N,

77 o

ORI 22 A B MRS (P E BRI A B ST PRSI0 R FE R 2



