Original Article

pISSN 1738-2637 | eISSN 2288-2928
J Korean Soc Radiol 2014;70(4):269-277
http://dx.doi.org/10.3348/jksr.2014.70.4.269

CrossMark
& click for updates

Chet

FArolotoR|

Enhancement Pattern of Liver Parenchyma during Late Dynamic
Phase Imaging: Comparison between Gd-EOB-DTPA and

Gd-DTPA-BMA'

I ROIZIE X7 | HAALO| X047 | HALO||A] 7t

10 11 O OO0

GA-EOB-DTPARL GA-DTPA-BMAQ] B[

A IR
SITE

Jae Myeong Jo, MD', Sang Soo Shin, MD?, Jin Woong Kim, MD', Suk Hee Heo, MD?,

Yong Yeon Jeong, MD?, Heoung Keun Kang, MD?

'Department of Radiology, Chonnam National University Hwasun Hospital, Hwasun, Korea
2Department of Radiology, Chonnam National University Medical School, Gwangju, Korea

Purpose: To evaluate the differences in enhancement patterns of liver parenchyma
during the late dynamic phase imaging between gadolinium-ethoxybenzyl-diethyl-
enetriamine-pentaacetic acid (Gd-EOB-DTPA) and gadolinium-diethylenetriamine-
pentaacetic acid-bismethylamide (Gd-DTPA-BMA).

Materials and Methods: 130 patients (88 men and 42 women at the mean age of
59.4 years) and 110 patients (72 men and 38 women at the mean age of 60.2 years)
underwent dynamic contrast-enhanced MR imaging, using Gd-EOB-DTPA and Gd-
DTPA-BMA, respectively, at 3T MR scanner. In both groups, the patients were divid-
ed into three categories: category | for normal liver, category Il for Child A cirrhotic
liver, and category Ill for Child B and C cirrhotic liver. Late dynamic phase scanning
was performed at 100, 140, and 180 seconds after injection of the contrast agent.
The injected dose of Gd-EOB-DTPA and Gd-DTPA-BMA was 0.025 mmol/kg of the
body weight and 0.1 mmol/kg of the body weight, respectively. Signal intensity ratio
of the liver (SIRy), contrast ratio between liver and portal vein (LPC), and contrast ra-
tio between liver and spleen (LSC) were calculated and compared between Gd-EOB-
DTPA group and Gd-DTPA-BMA group according to the scan delay time.

Results: There was no statistically significant difference between the two groups in
respect to demographic characteristics. SIR. of Gd-EOB-DTPA group was signifi-
cantly lower at 100 seconds in category I, and also at 100 and 140 seconds in cate-
gory Il (p < 0.05). In Gd-EOB-DTPA group, LPC and LSC showed an increasing trend
according to the delayed time in all of the categories. In Gd-DTPA-BMA group, LPC
and LSC showed similar values according to the delayed time in all of the catego-
ries. LPC of Gd-EOB-DTPA group was significantly higher at 100, 140, and 180 sec-
onds in category | and Il (p < 0.05). LSC of Gd-EOB-DTPA group was significantly
higher at 100, 140, and 180 seconds in category |, II, and Il (o < 0.05).

Conclusion: In contrast to Gd-DTPA-BMA, the late phase imaging using Gd-EOB-
DTPA was affected by intracellular distribution of the contrast agent, which was
proportional to the elapsed time after the injection of Gd-EOB-DTPA.
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Gadolinium—diethylenetriamine—pentaacetic acid—bismethyl-
amide (O[5 Gd-DTPA-BMA)= Q¥HARl 7=l 719k
HISO1A A2 9] 2FAIS] EAZ 7= 2RI Gd-
DTPA-BMA= @& 53l 7F AR ofsstof iz THA)
I 9] Fo) FESH| H HEA T1 d= 2950 Y=
D& L TS Fol A= HiSEEH3).

Gadolinium-ethoxybenzyl—diethylenetriamine - pentaacetic
acid (°I5F Gd-EOB-DTPA)= HISOIA Az 9] 2249t 7t
e 2A2] S4e BF THIAL Qe AP R 294
O[t}. =, Gd-EOB-DTPAE ARSI S5 29574 4
=] YAE BT Ee 4 o, ISR Al 9] 29
A2 Bl skoke o = 7F o) SR 2ROl Bt
Gt BALE HRIGAL ARA $ITH2, 4-6). Gd-EOB-DT-
PA= gadopentetate dimeglumine X} Z1A[2A19] ethoxybenzyl
O] 3HEYS ol Ue AV 3o, MR = IS
oF 10%2] iAoz w2 thll Aokg HolH 2FA|e] U5
7h S s Eof viEEEH(7, 8). Gd-EOB-DTPA+= Gd-DT-
PA-BMA®} H|W5t0] 452 T1 ofebda Holm=, Gd-DT-
PA-BMAS] ¥ 821 0.1 mmol/kg2 0185F9-2 wiQ} H]
58k 7H Ao 2Y57E Hol= 0.025 mmol/kgS ©F&5t
= Zlo] Yuko|th(4). Gd-EOB-DTPAE 3R] & SA] Ft
Y= B325H 9, adenosine triphosphate 2147 organic
anion transporting polypeptide 1 (°JsF OATP1)°l 2l &3zl
A ZHAIAE Y2 25510 canalicular multispecific organic an-
ion transporter (C]o} cMOAT)E Edj|A @40 2 vljZETt
Vs 4171501 /41 AFdolAl= Gd-EOB-DTPAS] 2t
7} 50%7F A FE= A9 AlC = BiEETH(9-11).

A5 2854 AT A7) g2 =BA =
A T 2~380] A =h=El, Gd-EOB-DIPAE Y & 90%
FE AR FE7] AlARSE ] mhzo] Gd-DTPA-BMAZL
THAIEE ol 22512 Sh= 24 E2] Gd-EOB-DTPA= £
A7F Sttt A2 9] FTRE oRet TRNIEE WOl 23E5HA|
Hth(4, 10, 12). w2bA Gd-EOB-DTPAL} Gd-DTPA-BMA
L 29YF7 7] GAoIA T APUO] 2B ool A2
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DRt JEH
22 570 59F 3T MR scanner®lA] Gd-EOB-DTPA

(gadoxetate disodium; Primovist, Bayer Schering Pharma,
Berlin, Germany) ¥+ Gd-DTPA-BMA (gadodiamide;
Omniscan, GE Healthcare, Waukesha, WI, USA)S AR8-61o]
I 2G4 I AT E S A B2 2718t
2 5t%ict. o] 7Rt Gd-EOB-DTPAE ARESH 497} 147
. Gd-DTPA-BMAE ARME-SF 397} 12480130

Gd-EOB-DTPAE ARSI A7 5892 D2 1478 7F
= ot vlol oMy S TR Qs BR-(119), ©]
ol vl dAE-S Wt B(29), 5ol A
8-(35), A0 QITE - (18)= 4] "ldollAl Alelst
o A0 r 13092 RS Aol AZotseint. 13092 2
A Fhe WAL 881, oIS dp3ololond, B e
59.341(30~83A)%ct. Gd-DTPA-BMAE ARESH 1240
Al= Ztout vlgo] thld S 7HAIAL Q= 99
o] vl Ale-S Wt A(39), Aol Qoid
H)E ATV SolA] Al Qlsto] 240 = 110 2] SAFE A+
of 2zgkstglon], \FAZ 721, ode 38oIloH, Furddy
<= 60.1411(34 ~86A1) STt

2{7}0] A2 Child-Pugh 5501 &J3l Al 2= L3l
o}, 122 A4, 12 Child-Pugh 5 A2 78, lI-2
Child-Pugh 55 B F+= Co] 7Hg9 2Ap2 2759tk
Gd-EOB-DTPAE ARERF AR [770] 535, 117201 61,
l120] 169192, Gd-DTPA-BMAS ARSSE TR |
O] T4, 1170l 29, 1lI-°] 780I3Mth
1538

54 29574 1H AP BB 3T MR 717 1(Magnetom
TrioTim: Siemens Medical System, Forchheim, Germany)&
ARgSRELE 29 A T1 JERYARS volumetric interpolated
breath-hold examination (°I5} VIBE)[repetition time (°[5}
TR) = 3.8 ms, echo time (CJo} TE) = 2.2 ms, slice thick-
ness = 3 mm, flip angle = 9°, field of view (O]} FOV) =
380 % 380, matrix number = 320 X 256] 7|2 o]&5}o]
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AP, 2 A T2 ARFARL half-Fourier acquisition single—
shot turbo-spin echo (TR = 2000 ms, TE = 167 ms, slice
thickness = 5 mm, interval = 1.5 mm, flip angle = 150°, FOV
= 380 x 380, matrix number = 320 x 256) 7|'§-Z -85}
of Golrt A5A 2GS T1 242 VIBE (TR = 3.4 ms,
TE = 1.2 ms. slice thickness = 3 mm, flip angle = 10.8°,
FOV = 400 x 325 mm, matrix number = 320 x 195) 7[$-<S
ol g-sfo] A}, Gd-EOB-DTPAZ Gd-DTPA-BMAE 72t
0.025 mmol/ke 0.1 mmol/keg &2 12| AAE(Sonic
Shot, Nemoto, Kyorindo, Japan)E AF&-otd 24 1.5 mL2]
&g 20519011, 2PA| 3o B Al-of AjEjAlgss
23 mLE &Y 1.5 mLe] &£ 2 FRASIFT, 2G4 £ &
30, 60, 100, 140, 180301 22t S/ G4=2 Aot

|
718001 Z}zt AlRYsieint. ZFzkel] 2|7 /bk’ﬂ/\i OP ‘]‘4
Grfolskat OJAF} picture archiving and communication sys-
tem (°JSF PACS) A EQo(Maroview image viewer, Ma-
rotech Inc., Seoul, Korea)©ollAl 7+ A& 7R w]o] Al
72 251t Ale7be 24 915 giAo] Hle LRE

of g9 T A (region of interest: ©JoF RO 7Hs5F =
A A5 (range of ROL: 45~200 mm?), A e =X7F

O Fr ke W 720 Aled == Astaltt
AR NS 542 2YTH A & Aol ROI
. A7 RisHA| °i7ﬂ 0P7I 94&‘# PACSOIAM =
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= H](signal intensity ratio of the liver; ©]
St SIR )= 2F54 A Ao e ot 2954 T Ao =
O] xfolzA], ‘SIR; = (5505%7& LA - 2F5F Al
BE) | (EFSH A AlegE) o] 54 olgsio] Alklse,
Z¥7F ZRA Apole} B }% UioflA] AlZEE ZF 7150l w2 gF
O] Zjo|Z v|u 245t

7}_:;1:]44 u]ﬂo]. 7} Alxl_} /\H:HX-‘O
between liver and portal vein: ©Jo} L
AR Ao A o 7F FHOl Al e O] B2 A, 'LPC = (Xt
AR Ao ) / (R o] A7 ol-g-51

Al 7+ (contrast ratio
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AAIBIO, bzt SR Alo1R} BARE oAl Az} 71 7Hs
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A B2
[e) b B |
EAEML B A Eo(statistical package for social

science version 19.0 for windows, SPSS Inc., Chicago, IL,
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Gd-EOB-DTPA®} Gd-DTPA-BMAE Z
At Atoof ZERFo] Lo] A, T 7|52 SAISA 0 2 Xjo]
7t QATH(Table 1).

Gd-EOB-DTPA ZHRREO] 100%, 140%, 180% A|H7] A
oflA] SIR, 7R 1:20llA k24 0.84 + 0.20, 0.88 + 0.20, 0.91
+ 0.22, Il 2H2F 0.83 + 0.22, 0.86 + 0.22, 0.89 +
0.25, MollAl 2H2F0.75 + 0.20, 0.75 + 0.21, 0.73 + 0.20
ololtt. Gd-DTPA-BMA HA22] 100, 140%, 1802 A7

Table 1. Patient Characteristics
Gd-EOB-DTPA Group Gd-DTPA-BMA Group

Characteristic* (n = 130) (n =110)
Age (yrs, mean + SD) 593 £120 60.1 £ 11.7
Sex (M:F) 88:42 72:38
Hepatic function
Category | 53 74
Category Il 61 29
Category Il 16 /

Note.—*There were no significant differences between two groups for age,
sex and hepatic function.

Gd-DTPA-BMA = gadolinium-diethylenetriamine-pentaacetic acid-
bismethylamide, Gd-EOB-DTPA = gadolinium-ethoxybenzyl-diethylenetri-
amine-pentaacetic acid, SD = standard deviation
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Table 2. Comparison of SIR. between Gd-EOB-DTPA Group and Gd-DTPA-BMA Group

Category | Category Il Category Il
Gd-EOB-DTPA group n=53 n =61 n=16
100 seconds 0.84 + 0.20* 0.83 +0.22* 0.75+0.20
140 seconds 0.88 +£ 0.20 0.86 + 0.22* 0.75+0.21
180 seconds 091+0.22 0.89 + 0.25 0.73 £0.20
Gd-DTPA-BMA group n=74 n=29 n=7
100 seconds 1.00 + 0.26* 1.10 + 0.19* 0.96 + 0.40
140 seconds 091+0.23 1.03 £ 0.21* 0.95+0.39
180 seconds 083 +0.21 097 +0.17 0.82 +0.35

Note.—Data are expressed as mean + SD.
"0 <0.05

Gd-DTPA-BMA = gadolinium-diethylenetriamine-pentaacetic acid-bismethylamide, Gd-EOB-DTPA = gadolinium-ethoxybenzyl-diethylenetriamine-penta-

acetic acid, SD = standard deviation, SIR. = signal intensity ratio of the liver
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Fig. 1. Signal intensity ratio of liver parenchyma (SIR)) during late dy-
namic phase imaging shows the trend to increase according to de-
layed time in category | and Il, in Gd-EOB-DTPA group.
Note.—Gd-EOB-DTPA = gadolinium-ethoxybenzyl-diethylenetri-
amine-pentaacetic acid

FAoNA SIR 72 1ollA 2H2F 1.00 + 0.26, 0.91 + 0.23,
0.83 + 0.21, IIPollAl 282} 1,10 + 0.19, 1.03 + 0.21, 0.97
+ 0.17, M=o 2+ 0.96 + 0.40, 0.95 + 0.39, 0.82 +
0.35%TH Table 2).

AlZHl T2 SIR, ZFS Gd-EOB-DTPA ZHRRLOIA [t
2 ARIO] A5 J716ke Fde Bl NITolA=
H]52TE AR BItH(Fig. 1), 9HH, Gd-DTPA-BMA AR
9] SIR, Gk B-E oAl AJ7HO] A dpF Zaohs YA B
HCH(Fig. 2). 17291 100%, 17-9] 10029} 1402 A7 G4
oAl Gd-EOB-DTPA ZFARO] Gd-DTPA-BMA AT
LO5HA Y2 ZHS HYtHp < 0.05)(Table 2).

Gd-EOB-DTPA ZERZ0] 1002, 1402, 1803 A|H7| FAfoll
A LPCEES 1204 242} 0.80 + 0.13, 0.88 + 0.15, 0.97 +
0.17, II2ollA 22+ 0.76 + 0.09, 0.85 + 0.09, 0.97 + 0.19,
IollA 2H2F0.74 = 0.12, 0.82 = 0.12, 0.87 =+ 0.13°1ich.
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Fig. 2. Signal intensity ratio of liver parenchyma (SIR) during late dy-
namic phase imaging shows the trend to decrease in all categories, in
Gd-DTPA-BMA group.

Note.—Gd-DTPA-BMA = gadolinium-diethylenetriamine-pentaacetic
acid-bismethylamide

Gd-DTPA-BMA ZEX2O] 100, 140%, 18032 X971 GATOIA
LPCZES 12014 212} 0.67 + 0.12, 0.69 + 0.15, 0.69 +
0.19, II=*olA Z12F0.71 + 0.10, 0.74 + 0.11, 0.76 + 0.14,
2olA 2721 0.73 + 0.15, 0.76 + 0.12, 0.75 + 0.16°1%ict
(Table 3).

Gd-EOB-DTPA SHARZOIA] AJ7HOf| B2 [LPCERE 2=
oflA] AJZEO] A= S7Feks A= BEH(Fig. 3). Gd-
DTPA-BMA ZHAES] LPCEE B= FollA] A7l A
H]523h ghS BATH(Fig. 4). A7l o2 LPCZEE Gd-
EOB-DTPA HARZO] [} [119] 1002, 140%, 180x A|H
7] G4olAl Gd-DTPA-BMA SHARELE R-0I51A| =2 7k
HAHp < 0.05)(Table 3).

Gd-EOB-DTPA ZERZ9] 1002, 140%, 180% A[H7] 4
AOIA] LSCHES I-ollAl ZH2F 113 + 0.17, 1.27 + 0.21, 1.37
+ 0.23, Il 2HF 1.09 + 0.13, 1.20 + 0.14, 1.30 +
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0.17, 20llA ZH2F1.01 + 0.12, 1.07 + 0.12, 1.16 = 0.16°]  0.87 £ 0.16, I=2ollA Z+2H0.85 + 0.21, 0.89 £ 0.14, 0.91
QItt. Gd-DTPA-BMA EAR9] 1002, 140%, 180 A7 Y + 0.14, MIwlA 2H2F0.82 + 0.10, 0.86 + 0.07, 0.85 +
AOA] LSCHES 1204 ZH2E 0.82 + 0.10, 0.86 + 0.14,  0.09%CH Table 4).

Table 3. Comparison of LPC between Gd-EOB-DTPA Group and Gd-DTPA-BMA Group

Category | Category Il Category lI
Gd-EOB-DTPA group n=53 n =61 n=16
100 seconds 0.80 +£0.13" 0.76 +£ 0.09* 0.74 +£0.12
140 seconds 0.88 + 0.15* 0.85 + 0.09" 0.82+0.12
180 seconds 097 +0.17* 097 +0.19* 087 +0.13
Gd-DTPA-BMA group n=74 n=29 n=7
100 seconds 0.67 +0.12* 0.71 £ 0.10* 0.73+0.15
140 seconds 069 +0.15* 0.74 +0.11* 076 +0.12
180 seconds 0.69 +0.19 0.76 +0.14* 0.75+0.16
Note.—Data are expressed as mean + SD.
*0 < 0.05.

Gd-DTPA-BMA = gadolinium-diethylenetriamine-pentaacetic acid-bismethylamide, Gd-EOB-DTPA = gadolinium-ethoxybenzyl-diethylenetriamine-penta-
acetic acid, LPC = contrast ratio between liver and portal vein, SD = standard deviation

Table 4. Comparison of LSC between Gd-EOB-DTPA Group and Gd-DTPA-BMA Group

Category | Category Il Category lI
Gd-EOB-DTPA group n=>53 n=61 n=16
100 seconds 1.13+0.17* 1.09 + 0.13* 1.01 +£0.12*
140 seconds 127 +0.21% 120+ 0.14* 1.07 +£0.12"
180 seconds 137 £0.23* 130 £0.17* 1.16 £0.16"
Gd-DTPA-BMA group n=74 n=29 n=7
100 seconds 0.82 + 0.10 0.85 +0.21* 0.82 +0.10
140 seconds 0.86 + 0.14" 0.89 +0.14* 0.86 + 0.07*
180 seconds 0.87 +0.16" 091+ 0.14 0.85 + 0.09
Note.—Data are expressed as mean + SD.
*p < 0.05.

Gd-DTPA-BMA = gadolinium-diethylenetriamine-pentaacetic acid-bismethylamide, Gd-EOB-DTPA = gadolinium-ethoxybenzyl-diethylenetriamine-penta-
acetic acid, LSC = contrast ratio between liver and spleen, SD = standard deviation

104 1.0 —e— Gd-DTPA-BMA (1)
~m-Gd-DTPA-BMA (1)
--A-- Gd-DTPA-BMA (Ill)
094 0.9
(&)
£ g S 084
0.7 —o— Gd-EOB-DTPA () 0.7
-~ Gd-EOB-DTPA (Il) —
--A-- Gd-EOB-DTPA (Ill)
06 T T T 06 T T T
100 140 180 100 140 180
Sec Sec

Fig. 3. Contrast ratio between liver and portal vein (LPC) during late  Fig. 4. Contrast ratio between liver and portal vein (LPC) during late
dynamic phase imaging shows the trend to increase according to de-  dynamic phase imaging shows similar values according to delayed

layed time in all categories, in Gd-EOB-DTPA group. time in all categories, in Gd-DTPA-BMA group.
Note.—Gd-EOB-DTPA = gadolinium-ethoxybenzyl-diethylenetri- ~ Note.—Gd-DTPA-BMA = gadolinium-diethylenetriamine-pentaacetic
amine-pentaacetic acid acid-bismethylamide
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—e— Gd-EOB-DTPA (1)
094 ~.m--Gd-EOB-DTPA (1)
--A-- Gd-EOB-DTPA (IIl)

0.8 T T T
100 140 180

Sec

Fig. 5. Contrast ratio between liver and spleen (LSC) during late dy-
namic phase imaging shows the trend to increase according to de-
layed time in all categories, in Gd-EOB-DTPA group.
Note.—Gd-EOB-DTPA = gadolinium-ethoxybenzyl-diethylenetri-
amine-pentaacetic acid

I:_Y

Gd-EOB-DTPA ZHAREOIA] AJ7HOf| B2 LSCER 2= o
oA AlZtO] A== S5k P2 HSItH(Fig. 5). Gd-
DTPA-BMA ZHALO] LSCEES BE oA A|710] XME
Hl5h g2 HItH(Fig. 6). ARl T2 LSCaRe 2=
100%, 140%, 180% X101171 FAYolAl Gd-EOB-DTPA A}
0] Gd-DTPA-BMA SHAZEE G-0151A| =& ZHE Holct
(p < 0.05)(Table 4).

it

A7 15 /oA -8 2 YAl 1980
2 ARET] ARSI oju ARE
° 2FAIR ERE  Us 7HEEkE SRl ol
< RS 2 oot SR Aol AR,
olF YA 7h2Hls 7IE0] HISoly Al 9] 2GARERE of
Uz AR 2GAIQ 7hdE REASE EFHECH HlEo]

A AIZE 9] 2GAE FEuiRet Azt 2] F7to] gi7<4§7<101 ]

SRkl 452
c] XGH= B[EOo|A AL

o, S FolA] 55 A2 9] 2GAIE FRU09 ol &
T3S &0l viEE dukde® T1 7% 03%01]/\1 295
T BIE Aeth(3). AT 2GA= 2F 8, e F
0 B2ESh= WU A7 32 57"01 T, AAZZARE
(phagocytosis)& 5ol WAIUHEI A2 &5-5ct, 2FA°] vi=
< A AL IS S0l ofFofA| AL, OIHWi T2 529

Ir

oW 257 TG et YA Holkg W
B 9-golTh LA UEK3, 13). TR 2ogAl 7T}
HAZZ0| Tu, HER] BE 453Ut -87]AR2012 (organic
HiEr) 220151 1A Fagkiio

L OET:L}‘O]-

r

acid anion)2 E34 &
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1271 —e—Gd-DTPA-BMA ()
--m--Gd-DTPA-BMA (1)
114  --o--Gd-DTPA-BMA (Il

09+
0.8
0.7 A
06 T T T
100 140 180
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Fig. 6. Contrast ratio between liver and spleen (LSC) during late dy-
namic phase imaging shows similar values according to delayed time
in all categories, in Gd-DTPA-BMA group.

Note.—Gd-DTPA-BMA = gadolinium-diethylenetriamine-pentaacetic
acid-bismethylamide
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