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Feasibility study of the estimated bepatic accumulation index in the super delayed bepatobiliary
phase on Gd-EOB-DTPA-enbanced MRI
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[Abstract]

The correlation relationships between the liver-spleen contrast (LSC) in the super delayed hepatobiliary phase, which
is the magnetic resonance images at 60 minutes after the intravenous injection of gadolinium ethoxybenzyl diethylene-
triamine pentaacetic acid, and the receptor index (LHL15) of the liver scintigraphy with *"Tc-diethylenetriaminepenta-
acetic acid-galactosyl human serum albumin were compared by multi-device study. The values of the LHL15 estimated
from these regression lines, which are called the estimated hepatic accumulation index (eLHL15) in this study, were also
compared among different devices and acquisition parameters. Finally, the accuracy of the eLHL15 was investigated. In
results, regardless of devices and acquisition parameters, the correlation coefficient was 0.7 or more, and the coefficient
of determination was about 0.5. The difference in the LSC among different devices and acquisition parameters was not
significantly detected in the eLHL15. Regarding the eLHL15, standard and residual errors were about 0.06 for both, and
Cramer’s V was 0.53 in the relationship with the LHL15. The eLHL15 with high precision and validity can be clinically
used as an index which normalizes the LSC.
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from January 4, 2008 to March 31, 2021.
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Fig.1 Flow diagram of study protocol. MRI, magnetic
resonance imaging; n, number of subjects.
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24 A original equipment manufacturing) %]
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Table 1 Acquisition parameters.

BACERITHRIZ L 7. 2B v BREEE T, %
DHEREE, 7)) A% v v THBEHET S 7z, SIGNA%E
AR D IEEEAR LI T b % surface coil intensity
correction ¥, EEDa Y 7 A FPMETT 5700
WL %2572 S OFIRGME TS L 7cmifg
Bl% Fig.2 (27" T

Wsepiths v 525 7 4 — Tk, ”"Te-DTPA-GSA
FHEE %2 690 frame (2343) % T 15 sec/frame
THBWLIPERIT-72. = P Y v 7 A13128% 128,
energy levellX 140 keV, 74 ¥ F—Iid £ 20% &

Group A

B C D

Device

SIGNA Horizon LX (Echo Speed) 1.5T Ver. 9.1

Achieva 1.5T A-series R.2.6

Vendor GE HealthCare Philips Medical Systems
Receiver coil Bgdy coiI‘ 4ch torso ' Quadrature 32ch SENSE '
(Built-in coil) phased array coil body coil torso cardiac coil
Sequence 2D Fast SPGR 2D Fast SPGR 2D-FFE of multislice 3D-FFE, e-THRIVE
Fat suppression CHESS CHESS ProSet (Pulse type: 121) SPAIR
Parallel imaging - ASSET - SENSE
Reduction factor - 2.0 = 2.0
Image non-uniformity correction - (No SCIC) - CLEAR
Echo time (ms) 1.3 1.3 5.1 2.3
Repetition time (ms) 148 148 126 4.6
Flip angle () 70 70 80 10
Number of excitations 1 1 1 1
k-space trajectory Sequential view order Sequential view order Linear Linear
Band width (Hz/pixel) 325.5 325.5 313.8 360.8
Field of view (mm) 420 430 420 370
Matrix (frequency x phase) 256x160 256x160 256x160 240%x153
Phase encoding direction AP AP AP AP, SI (Slice)
Scan percentage (%) 100 100 62.5 79.8
Phase field of view (%) 75 75 100 80
Slice thickness (mm) 6.5 6.0 6.5 4.0
Slice gap (mm) 3.5 1.5 3.5 0
Slice scan order Slice number Slice number Interleaved -
Slice number 20 20 7 40
Respiration Breath hold Breath hold Breath hold Breath hold
Scan time (s) 18.0 10.0 20.7 14.3

SENSE, sensitivity encoding parallel imaging; D, dimension; SPGR, spoiled gradient recalled acquisition of steady state; FFE, fast field echo;
e-THRIVE, enhanced-Ti high resolution isotropic volume excitation; CHESS, chemical shift saturation; ProSet, principle of selective excitation
technique; SPAIR, spectral attenuated with inversion recovery; ASSET, array spatial sensitivity encoding technique; SCIC, surface coil intensity
correction; CLEAR, contrast level appearance; AP, anterior-posterior direction; Sl, superior-inferior direction.

Fig.2 Examples of the super delayed hepatobiliary phase images with various devices and acquisition
parameters. (a), (b), (c), and (d) are the images of Group A, B, C, and D in Table 1, respectively.
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(a) 3 mins 10 mins
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Fig.3 Examples of the liver scintigraphy with
¥mTc-diethylenetriaminepentaacetic acid-
galactosyl human serum albumin. The patient
has multiple hepatocellular carcinoma and is
the same person as the image in Figure 2.
(a) Planar images. (b) Time-activity curve.
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MRIZ %1} 515556 (signal intensity : SI) %
FHIIS % 728 O BLLiEIE (region-of-interest : ROI)
DR & S, METEENC X 2 MEFER I 2 5 109,
SORED €7 e VEUZRGEL 70, ROLIE, IRAE R &
JESE 2 o T, IO %E & B S L 7. ferS L,
ROINDREFZAbZm/NRIZE ED BT, b
#f7% (standard deviation : SD) O/h& WIS
L7:*. %7 Group BT, anterior-posterior /5
M0 T, KD ROL Z fFli&DO ROI L F U & 2
L7c”. LSCI, LT Michelson contrast ® %
AvTHM L, 72U, I Mo STk, zh s
NSILESIs LT 5.

_Shosko
LsC= SIi, + Sl S
—1=ZISC=<] veveeeees (2)

T 2 SWITOLSC# L, 26D PfE%
LSC O & L 7C.

SUFTT T4 —=TIWES Y+ FEHIIT 2B
3, FFIEO ROTE P L L, kD ROTIE WL
HEx Pk s & L LHLISI, P™Te-
DTPA-GSA #1155 O Ulis & JFIOWUE # v~

FEENEFNHLS, LISEL, DTORTHBLRY.

_ L5
LHL15 = HI5+ 115 (3)

1-6 eLHL150D&EH

Gd-EOB-DTPA % " Tc-DTPA-GSA O i 3% $H &
i, HEOREEICLY, IR BBOKTRED
BADPHEREN T2 %, 2o DBIgE, IFkEE
OREEIE LT, Sk LIS MY 2%, 2o
ROSLRLIS#EHE L THOLSC ELHLIS L D
PR R, R - WG X Y HUS LICLSC k
LHL15 % Z N NI AR ERURZERE LT, LT O
&9 L HHIIGEO T F IR T B 12

LHL15=a - LSC+ B8 +RE -+ (4)

7oL, ald PR B kWA, REWK=
(residual error) £3%. X o TLHLISOFHMET
b5 elHL1SE, MIFORIGEMC L YRS hs.,

eLHL1S=o - LSC+ B -+ (5)

AWFFE T, Fig.1 TRLICADDMEHRIZI VT
(4) K@ IRGH 21T, 20 ZhoET (5) KX
Rote, 2L TG RHEBEOLSCERAL T,
eLHL15 Z& L 72,

1-7 LHL15&D=ER
eLHL15 & LHL15 Lt ®REZ, (4) Xk (5) Xk b,
DT TEHL.

RE = LHL15 — eLHL15 - (6)

1-8 LHL15DFHiiE%E

BRIR € LHL1S OFFiizE#E & L TR S hTwv 512
PR B O FERERELL,  HAIFRRIEFE 2 O B R ] O
HIEHHE (BUEORFREERE) 7 G L TH Y, EH
(Normal) t#E (Mild) (Stage I, liver damage
A), HE¥E (Moderate) (Stage 11, liver damage
B), i (Severe) (Stage III, liver damage C) ®
453N H B Y. 2N EFNOLHLIS Oftily, Normal
T0.942 +0.017, Mild T 0.909 * 0.044, Moderate
T0.844 = 0.0606, Severe T0.706+0.112 (2L L,
P+ SD) LS TV ARFETIX, Th
LOMEMPELZIZLT, 0930 L% Normal & L,
0.93 ki T 0.88 LL I # Mild, 0.88%imi T 0.80 L. I
% Moderate, 0.80iiii% Severe & L 72.
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1-9 REHIURE

FRRTHA ORI IS, A HERE% (probability :
D) D35% DA FERUER Tl - 1256, MalicFET
HoE LI BdRAEM - HEMIC ST 2 2R OMH
&, Z-EGAT (analysis of variance : ANOVA) %
w7z M (R) OFEfiC &, Pearson ORERAMBIREL
X B BuER T 27295% EHEIXH (confidence
interval : CI) &M L7c. BEUFERUX FIFGHTC &
DEUFL, HTE Y ORE OGN I EHBRED
Mo & PuERi (R, B (standard error :
SE) ZHw 1.

eLHL15 ¥, LHL15 £ O RE TaHiiL 72. RE
DOHESEROFHINE, »S— v v MUE (Bartlett test)
RG24 L T, LHLLS O 5
\} % eLHL15 & LHL15 t O Bsditk: % 55315 T 3 ifi L
1. P HERITC, 29 A— DR (Cramer's
V) BHEILIC 0B O—FER L,
YDy UEEL (Cohen's k) bEHLTC.

fet>Y 7 b v 713, Microsoft Excel 2010 SP2
(Microsoft) Z#fEH L 7:.

I—x

2. i R

2-1 WREDRH

L 7eidgsethE . MRIZEE T4 bl
XIS HDONT L FIBE, IFHEGE Y Table 2 2/R T
FZEHIZHWVT, ANOVATRAEAIRB S hi
ot (p>0.05).

2-2 LSC&LHL15 &M%

BARIGENE - MRIZEE (23500 4 LSC & LHL1S £ O
MR % Fig.4 (27" 7. RI&, Group ATIX0.71 (CI:
[0.53, 0.83]), Group BTx0.70 (CI:[0.52,
0.82]), Group CT!30.86 (CI:[0.72, 0.93]),
Group D Ti20.77 (CI: [0.55, 0.89]) Th -7 (4
T p < 0.0001). [HYFEZHHT T, SRS MRIZEE
CEOT, BEOFEED RS 1z (p < 0.0001).
FUFROYTIE Y DR E ZRT R, Group AT
130.50, Group BTiX0.49, Group CTI!X0.74,
Group DTIX0.59 TH 7. SEW, Group AT
0.058, Group B T30.051, Group CT!%0.070,
Group D T120.089 Th - 1c.

Table 2 Characteristic of all subjects. All data except those indicated as “n”, which is the number of patients,
represent mean =+ standard error (minimum to maximum).

Group A B C D P value
Sample
Size n=34 n=236 n=21 n=20
Sex (male/female) (n) 24/10 27/9 15/6 14/6 0.177
Ade (vears) 67.1 £ 22 67.1 £ 21 65.0 £ 2.3 64.5 + 23 0.511
g8 (29 to 89) (29 to 89) (4310 83) (43 to 83) '
Liver disease (n)
Chronic hepatitis (non-virus/B virus/C virus) 1/4/3 2/5/3 011 011
Liver cirrhosis (non-virus/B virus/C virus) 1/2/14 0/2/14 0/2/3 0/2/3
ALD (ASH/liver cirrhosis) 0/4 0/6 0/4 0/4 0.350
NAFLD (NASH/liver cirrhosis) 2/1 2/0 0/1 0/1 '
Primary biliary cholangitis 0 0 1 1
Normality 3 3 8 7
Mass (HCC/metastasis/CCC/hyperplasia) (n) 27/1/0/0 30/1/0/0 10/6/1/1 10/5/1/1 0.800
Liver function test
—2.50 = 0.11 —2.53 = 0.09 —2.29 £ 0.13 —2.28 £ 0.14
ALBI score (—07810 —3.30) (~0.7810 —3.30) (—0.90t0 —8.13) (~0.90t0 —313) %8
ALBI grade (Grade 1/Grade 2/Grade 3) (n) 21/10/3 21/13/2 7/12/2 6/12/2 0.464
Classic liver function data
) 3.86 = 0.10 3.89 = 0.09 3.59 = 0.12 3.58 £ 0.13
Albumin (g/dL) (2.40t0 4.70) (2.40 to 4.70) (2.20 to 4.50) (2.20 to0 4.50) 0.542
P 0.84 = 0.09 0.84 £ 0.09 117 £0.27 1.21 £0.28
Total biirubin (mg/dL) (0.20 0 3.10) (0.20t03.10) (0.30 0 5.70) (0.30t0 5.70) 0114
0.33 £ 0.05 0.32 £ 0.05 0.43 £ 0.10 0.45 = 0.11
Direct bilirubi L .57
irect biliubin (mg/dL) (0.06 t0 1.77) (0.06t0 1.77) (0.09 t0 2.09) (0.09 t0 2.09) 0575
Imaging-based liver function test
+
HH15 0.65 = 0.02 0.65 = 0.01 0.63 = 0.03 0.63 = 0.03 0.353
(0.51 t0 0.88) (0.51 10 0.88) (0.39 to0 0.89) (0.39t0 0.89)
0.88 = 0.01 0.89 £+ 0.01 0.85 = 0.03 0.85 £ 0.03
LAL1S (0.56 t0 0.95) (0.56 to 0.95) (0.52 10 0.97) (0.52 t0 0.97) 0.353

P, Probability; ALD, Alcoholic liver disease; ASH, alcoholic steatohepatitis; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis;

HCC, hepatocellular carcinoma; CCC, cholangiocarcinoma; ALBI, albumin-bilirubin.
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2-3 BEEMG - KEFDER

LSC T3, Heffgett - 2GEM THEAESRM S ule
(p <0.0001) (Fig.5-a). L4 L, eLHL15~#5i§
52T, BRSN  FEMTHEAIRINE
N ot (p=0.237) (Fig.5-b).
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y=0.81x + 0.64
» -
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K=
=
2
=Y
3 Group C
51
e
Group D
0.5 L L L L -
-0.1 0.0 0.1 0.2 0.3 0.4 0.5
Liver spleen contrast

Fig.4 Relationship between the liver-spleen
contrast and the receptor index in various
devices and acquisition parameters.

2-4 elLHL15DFEE

eLHL15 £ LHL15 &£ @ BI4% # Fig.6 (2 7" 9. Rk
0.78 (C1:[0.72, 0.84]) TdH -1z (p < 0.0001). [l
JEHT T, MR OF SRS L (P < 0.0001),
R*120.62, SEI20.063 Th - 1c. laIE, s »
1DIEHBIDK E - 7e.

eLHL15 ® RE D434 # Fig.7 (27”7, REA'+ 0.06
DINTH 2 WG58, KD 73.0% % 512, £ 712RE
010N TaD YA, S5 28461
91.0% (27 o 2. Brifsetl-2EMIZ 30T, REDS)
HTHBEAIME e (£°(3) =8.73, p=0.033).
L2L, ZTORETEARDKIE AL +0.10 LND RE
Wik o c. —EOEARIZHCT, REF-1.0%2 K3
{ FHl-7: (Fig.6). 40Ok, CRFmZ
DT v a— EFRIZE O TR ICRE L TU .

2-5 elLHL15MZ%H
LHL15 O#HiidL#- & 5 eLHL15 & LHL15 O %)
F % Table 312/R"F. 4fKE LT, eLHL15 £ LHL15

—
)
<

p <0.0001

Liver spleen contrast
=3
)

~
=
=

Estimated hepatic

Group A Group B Group C Group D

ate

p=0.237

accumulation index
o oo o o —
h v 9 o o o

Group A Group B Group C Group D

Fig.5 Difference in various devices and acquisition parameters. The top and bottom of lines are
maximum and minimum values, respectively. Box ceiling and bottom are 75 and 25 percentile
values, respectively. p, probability. (a) Difference of the liver-spleen contrast. (b) Difference of

the estimated hepatic accumulation index.

1.0 H
a e
0.9 o & L)
L ]
3 [
°
208 =
g 07 S
& g-“ — ® Group A
g PAPFCIN
7 v \ ® Group B
0.6 Q 1 4
\ b Group C
<% Group D
0.5 L L L X
0.5 0.6 0.7 0.8 0.9 1.0 1.1
Estimated hepatic accumulation index

Fig.6 Relationship between the estimated hepatic
accumulation index and the receptor index.
The samples with residuals less than or equal
to —1.0 are surrounded by a green dashed line.

(B- spline curve) 40 ——Group A
= Group B
Group C
Group D
g
>
2
g // F
=3
[
5 \
10 \
-
-0.2 -0.1 0.0 0.1 0.2
Residual error

Fig.7 Relative frequency distributions of the
residual error in the estimated hepatic
accumulation index.
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Table 3 Contingency table by the severity of chronic
liver diseases between the estimated hepatic
accumulation index (eLHL15) and the receptor
index (LHL15). All data represent the number
of subjects. The details of brackets are the
Group A, B, C, and D in Table 1 from left.

LHL15
Normal Mild Moderate  Severe

Normal 18 3 1 0

(4/3/6/5)  (1/2/0/0)  (0/1/0/0)  (0/0/0/0)
Mild 11 19 4 0

(4/4/2/1)  (10/9/0/0) (1/0/2/1)  (0/0/0/0)

eLHL15

Moderate 3 20 11 4

(0/0/1/2)  (6/8/3/3)  (4/6/0/1)  (1/2/0/1)
Severe 1 1 3 12

(0/0/0/1)  (0/0/1/0) ~ (1/0/1/1)  (2/1/5/4)

x%(9)=93.7 (31.1/26.1/31.5/19.1)

p < 0.0001 (0.0003/0.0020/0.0002/0.0246)

Cramer's V=0.53 (0.55/0.49/0.71/0.56)

Diagnostic concordance rate = 54.1 [%] (58.8/52.8/52.4/50.0)
Cohen’s k =0.38 (0.39/0.31/0.35/0.33)

V2 & BT O FRE R O I IR B T B 3
HY (x*(9) =93.7, p < 0.0001), eLHL15 & LHL15
DR RRDIER S 17z (Cramer's V =
0.53). 1BPEIFE RO FHREEE O 58 31 5 eLHL1S
£ LHL15 O —F(¥*1354.1%, Cohen's k 30.38T
bote. MRSk - HELOFME VTS, [k
OftaHEZ 7R L7c, LHL1SC & D IEH 3 & OSE &)
EENIHEHOTTH L 235D 11E, eLHLIST
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