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Background: The hepatocyte phase (HCP) in gadoxetic acid disodium (Gd-EOB-DTPA)-enhanced
magnetic resonance imaging (MRI) plays an important role in the detection and characterization of liver
lesions, treatment planning, and liver function evaluation. However, the imaging protocol is complicated and
time-consuming. This cross-sectional study aimed to develop a convenient and reproducible protocol for the
HCP acquisition in Gd-EOB-DTPA-enhanced MRI.

Methods: A total of 107 patients were prospectively included and assigned to three groups based on Child-
Pugh (CP) classification, with 37, 40, and 30 in the non-cirrhosis, CP A, and CP B groups, respectively.
Dynamic HCPs were acquired every 5 min after the Gd-EOB-DTPA administration and ended in
25 min in non-cirrhosis patients and 40 min in cirrhotic patients. The HCP acquired 5 min after the initial
visualization of the intrahepatic bile duct (IBD) was selected from the dynamic HCPs as the adequate HCP
(HCP,,posea) and the corresponding acquisition time was recorded as Time - In addition, according
to the 2016 Expert Consensus (EC) on the definition of the adequate HCP from the European Society of
Gastrointestinal and Abdominal Radiology (ESGAR), the adequate HCPy. and the corresponding Timeyc
were also determined from the dynamic HCPs. The hepatic relative enhancement ratio (RER), the contrast-
to-noise ratio (CNR), and signal-to-noise ratio (SNR) of hepatic focal lesions in the HCPyc and HCP,,,s

images, as well as the Timegc and Time 4 were compared by the paired #-test for the three groups,

propose
respectively. Inter-observer agreement of the determination of the HCPy¢ and HCP,,o..s Was compared by
the % test.

Results: The RER, CNR, and SNR showed no significant difference between the HCPy.c and HCP,, 5
in all three groups (all P>0.05). The paired differences between Timey and Time,, s Were 1.08+3.56 min
(P=0.07), 2.88+4.22 min (P<0.001), and 5.83+5.27 min (P<0.001) in the three groups, respectively. Inter-
observer agreement of the determination of the HCPy¢ and HCP,,eq Were 0.804 (86/107) and 0.962

(103/107), respectively (x>=13.09, P=0.001).
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Conclusions: The adequate HCP could be acquired 5 min after the initial visualization of the IBD, which

could serve as a convenient and reproducible protocol for the HCP imaging.
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Introduction

Gadoxetic acid disodium (Gd-EOB-DTPA) is a dual-
channel, specifically, hepatic and renal excretory, magnetic
resonance imaging (MRI) contrast agent. It is rapidly
dispersed into the blood circulation after intravenous
administration enabling dynamic contrast enhancement
(DCE) MRI of the liver, then undergoes specific uptake
into liver cells by organic anion transporting polypeptides
1B1/1B3 (OATP1B1/1B3) on the hepatocyte membrane
producing [hepatocyte phase (HCP)] MRI of the liver (1).
Gd-EOB-DTPA-enhanced MRI is extensively used for
hepatic focal lesion detection and characterization as well
as efficacy monitoring and liver function evaluation (2-6).
Sufficient drug accumulation in the liver is a prerequisite
for obtaining the HCP image with adequate liver
enhancement, namely, the adequate HCP. The uptake speed
of Gd-EOB-DTPA by the hepatocytes varies substantially
among patients because of individual differences in liver
function (7). In most patients, drug accumulation in the
liver peaks within 20 min, then is maintained at a relatively
high plateau with concurrent gradual drug excretion from
the bile. Therefore, at the early stage of its clinical practice,
the HCP was generally acquired 20 min after intravenous
administration (8).

Previous studies have demonstrated that the adequate
HCP could be acquired as early as 10-15 min after the
Gd-EOB-DTPA administration in patients with normal
liver function (9-12). For patients with mild cirrhosis, it
is possible to obtain the adequate HCP within 15-20 min
after the administration, whereas in patients with severe
liver dysfunction, a longer delay time is proposed for
adequate HCP acquisition (12-14). Investigators proposed
that a 20- or even 30-min delay for HCP acquisition may
further improve liver enhancement and thus the contrast
between liver parenchyma and intrahepatic lesions (13,15).
Therefore, a personalized acquisition protocol for obtaining
the adequate HCP in the shortest possible time is needed
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in clinical practice of the Gd-EOB-DTPA-enhanced MRI.
However, setting the acquisition time of the adequate
HCP according to the level of hepatic impairment requires
advance assessment of laboratory indicators of liver
function, which is of low practicality in clinical practice,
especially for outpatients. The 2016 Expert Consensus (EC)
of the European Society of Gastrointestinal and Abdominal
Radiology (ESGAR) recommends that the HCP can be
considered adequate when Gd-EOB-DTPA is detected
in the intrahepatic bile ducts (IBDs) and the vessels are
definitely hypointense in comparison to the background
parenchyma of the liver (16). To follow the 2016 EC of
the ESGAR, MRI signals of multiple structures, including
IBD, liver parenchyma, and intrahepatic vessels should
be continuously observed during the magnetic resonance
(MR) scanning process, which increases labor intensity
and the odds of misjudgment from the MR technicians. In
addition, the judgement of the adequate HCP also takes
time and might prolong the MRI examination. Based on
the abovementioned reports and our clinical experience,
we hypothesized that the adequate HCP could be acquired
5 min after the initial visualization of the IBD and validated
it by comparing with the adequate HCP determined
according to the 2016 EC of the ESGAR. We present
this article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1147/rc).

Methods
Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This
prospective study was approved by the Ethics Committee
of the 8th Medical Center of PLA General Hospital
(30920200825701240), and written informed consent was
provided by all patients.
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Figure 1 Study flowchart. MRI, magnetic resonance imaging; Gd-EOB-DTPA, gadoxetic acid disodium; CP, Child-Pugh; HCP,,,, o, the
HCP acquired 5 min after the initial visualization of the intrahepatic bile ducts; HCPy,, adequate HCP determined upon the 2016 Expert

Consensus of the European Society of Gastrointestinal and Abdominal Radiology; RER, relative enhancement ratio; CNR, contrast-to-

noise ratio; SNR, signal-to-noise ratio; HCP, hepatocyte phase; EC, expert consensus.

Participants

The sample size of the study was determined by PASS
(https://www.ncss.com/software/pass/). A total of 130
potential participants with liver diseases referred for
Gd-EOB-DTPA-enhanced MRI examination between
August 2020 and June 2022 were prospectively included
(Figure 1), and Child-Pugh (CP) classification and estimated
glomerular filtration rate (eGFR) for all patients were
obtained 1 week before the MRI examination. Patients were
selected for this study in accordance with the following
criteria: (I) imaging findings of cirrhosis or occupying liver
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lesions within 2 weeks before the MRI examination; (II) no
contraindications to MR scanning; (IIT) no history of allergy
to Gd-EOB-DTPA; (IV) eGFR >30 mL/min/1.73 m’. The
exclusion criteria were as follows: (I) clinical treatment
before Gd-EOB-DTPA-enhanced MRI; (II) imaging
findings of biliary obstruction; (III) significant artifacts in
Gd-EOB-DTPA-enhanced MRI; (IV) inability to cooperate
during the MR scanning; (V) definite extravasation of
the contrast agent during injection; (VI) treatment with
rifampicin and/or erythromycin within three days before
the examination; (VII) CP grade C of the liver function.
Patients were assigned to the non-cirrhosis, CP A, and
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Gd-EOB-DTPA (0.025 mmol/kg)
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Gd-EOB-DTPA injection
Dynamic contrast enhancement

Imaging before
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Figure 2 MRI scan flow. Gd-EOB-DTPA, gadoxetic acid disodium; T1WI, T1-weighted imaging; in/opp, in and opposite; HCP,
hepatocyte phase; T2WI, T2-weighted imaging; FS, fat saturation; EPI, echo planar imaging; DWI, diffusion-weighted imaging.

CP B groups based on the CP classification system (17),
and the patients with CP B grade had worse liver function
than those with CP A grade. The study flowchart is shown
in Figure 1. Non-cystic hepatic lesions with a diameter
>1 cm were included in MRI signal analysis. In case of
multiple eligible hepatic lesions, the largest lesion was
analyzed. Liver cysts were not included in the analysis. The
final diagnosis of a focal liver lesion was made by surgical or
puncture histopathology or typical image features (18,19).

MRI scanning protocol

Gd-EOB-DTPA-enhanced MRI was performed on a 3.0T
MRI scanner (Magnetom Skyra; Siemens Healthcare,
Erlangen, Germany) with the use of a combination of
body-spine array coil elements (18-channel body matrix
coil and 32-channel spine matrix coil) for signal reception.
Patients underwent 4-hour fasting and breath training
prior to MRI examination. Prior to contrast medium
administration, all patients were imaged with the following
unenhanced sequences: Localizer 3-dimensional (3D)
plane, T1-weighted imaging (T1WI) in and opposite
(in/opp) phase. Each patient received the standard dose,
0.025 mmol/kg of body weight, of Gd-EOB-DTPA
(Primovist; Bayer Schering Pharma, Berlin, Germany) as
an intravenous bolus injection, which was administered at
a rate of 2 mL/s by means of a power injector (Tennessee
XD2003; Ulrich Medical, Baden-Wuerttemberg,
Germany). The bolus injection was followed by a 20 mL
saline flush at a rate of 2 mL/s. After administration,
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volumetric interpolated breath-hold examination (VIBE)
T1-weighted fat-suppressed (FS) (Dixon) sequences were
acquired in different phases: hepatic arterial (~20 s), portal
venous (~60-70 s), transitional phases (~2-3 min), followed
by the HCP serials. The HCP were acquired every 5 min
after the Gd-EOB-DTPA administration, with 5 phases of
acquisition for non-cirrhosis patients (end in 25 min) and
8 for cirrhotic patients (end in 40 min). The T2-weighted
imaging (T2WI)-FS was acquired between 5-min HCP
and 10-min HCP, and the echo-planar imaging diffusion-
weighted imaging (EPI-DWI) was acquired between 10-
and 15-min HCP (Figure 2). T1 VIBE FS was performed
with the following parameters: repetition time/echo time
(TR/TE), 4.06/1.89 ms; field of view (FOV), 380 mm; slice,
3 mmy; flip angle, 10°%; matrix, 340x274.

Image analysis

In the present study, three radiologists with more than
8 years of experience in abdominal MRI diagnosis assessed
the data on the workstation (Version 4.0.0.9; Source, DJ
HealthUnion Systems Corporation, Shanghai, China) of
picture archiving and communication systems (PACS).
Patients’ personal and medical history information were
concealed during the process.

Determination of HCPproposed and HCPEC

The HCP of initial IBD visualization from the dynamic
HCPs were first determined independently by two
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Figure 3 A female non-cirrhosis patient, 45 years old, 5 HCPs acquired with a time interval of 5 min from 5 to 25 min (A-E) after the Gd-

EOB-DTPA administration. Two radiologists with 8 and 10 years of experience in abdominal MRI diagnosis both identified 10 min (B)
as the initial intrahepatic bile duct visualization (white arrow) and so 15 min (C) as HCP,,,, .- Two months later, the same 2 radiologists
identified 15 min (C) and 20 min (D) as HCPy respectively, and the third radiologist arbitrated the HCP at 15 min as the HCPy.. HCP,
hepatocyte phase; Gd-EOB-DTPA, gadoxetic acid disodium; MRI, magnetic resonance imaging; HCP,,,,,.s, the HCP acquired 5 min after
the initial visualization of the intrahepatic bile ducts; HCPy, adequate HCP determined upon the 2016 Expert Consensus of the European

Society of Gastrointestinal and Abdominal Radiology.

radiologists, each with 8 and 10 years of experience in
abdominal MRI diagnosis, then the HCP acquired 5 min
after the initial IBD visualization was recorded as the
HCP,,,0sq» and the corresponding acquisition time after
the administration of the GD-EOB-DTPA was recorded
as the Time,, oq- Inconsistent results between the two
radiologists were arbitrated by a third radiologist, who
has 15 years of experience in abdominal MRI diagnosis.
After 2 months, the two radiologists with 8 and 10 years
of respective experience in abdominal MRI diagnosis
independently determined from the dynamic HCPs the
adequate HCP upon the 2016 EC of the ESGAR (16),
namely, the HCPqg(, which was defined as when Gd-EOB-
DTPA is detected in the IBDs and the vessels are definitely
hypointense in comparison to the background parenchyma.
The acquisition time correspondence to the HCPy was
recorded as the Timeg. Any inconsistent results between
the two radiologists were arbitrated by the third radiologist
(Figures 3,4).

Signal intensity measurement and parameters calculation

The signal intensity of the liver (SI,,.,) was the mean
of signal intensities of circular regions of interests
(ROIs =100 mm?) in the left inner, left outer, right anterior,
and right posterior lobes of the liver at the level of the
porta hepatis. ROIs of the S, were placed within the
liver parenchyma at the same anatomic level on HCPy
and HCP,,,,...q images, carefully avoiding artifacts, lesions,
vessels, and bile ducts. Hand-drawn ROIs adapting to the
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lesion contour were set for measurement of the signal
intensity of the lesion (Sl,.,), in case of multiple hepatic
lesions, the largest of which was chosen and assessed.

The above process was carried out independently by the
two radiologists with 8 and 10 years of respective experience
in abdominal MRI diagnosis. Their outcomes were averaged
as the final results. The Sl was the average of the signal
intensity of left lateral lobe (SI;.), left medial lobe
(SIipmiobe)s Tight anterior lobe (SIgye), and right posterior
lobe (SIgpiope)- The Sy, hepatic relative enhancement ratio
(RER), and lesions’ contrast-to-noise ratio (CNR) and
signal-to-noise ratio (SNR) were calculated by the following

formulas:
(ST ssione + STy 11000 + STrstope + STrpione )/ 4= S, 1]
(STiticr = STisapmeconrast ) Slivepre-consas = RER 2]
(8L = Siion )/ SD, . = CNR 3]
Sl,.., ! SD,, ., = SNR [4]

SD,.is. represented the standard deviation (SD) of the
background noise in the phase-encoding direction.

Statistical analysis

The software SPSS 22.0 IBM Corp., Armonk, NY, USA)
was employed for data analysis. The Shapiro-Wilk test was
performed for all the parameters to test normal distribution.
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Figure 4 A male cirrhosis patient (CP B), 60 years old, with eight phases of the HCP imaged from 5 to 40 min (A-H) after the
administration of the Gd-EOB-DTPA. Two radiologists with 8 and 10 years of experience in abdominal MRI diagnosis identified 25 min

(E) as the initial intrahepatic bile duct visualization (white arrow) and so 30 min (F) as the HCP,,,, .- Two months later, the same two
radiologists identified 30 min (F) and 35 min (G) as the HCPy, respectively, then the third radiologist arbitrated the HCP at 35 min as the
HCPy. CP, Child-Pugh; HCP, hepatocyte phase; Gd-EOB-DTPA, gadoxetic acid disodium; MRI, magnetic resonance imaging; HCP,,,,05ds
the HCP acquired 5 min after the initial visualization of the intrahepatic bile ducts; HCPy(, adequate HCP determined upon the 2016

Expert Consensus of the European Society of Gastrointestinal and Abdominal Radiology.

Parameters with the normal distribution were represented
by mean + SD. The paired #-test was performed to compare
Timegc and Time,, 04 as well as RER, CNR, and SNR
between the HCPyc and HCP,, 0q for the .. groups,
respectively.

The reproducibility of the determination of the HCPy
and HCP,, ;s Was compared by the %’ test. Intraclass
correlation coefficient (ICC) was used to assess the
reproducibility of the measurements of the Slj., Sliions
and SD, ;.. between the two observers. The ICC values less
than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, and
greater than 0.90 were indicative of poor, moderate, good,
and excellent reproducibility, respectively (20). A two-sided
P<0.05 was considered to indicate a significant difference.

Results

Ultimately, 107 patients were enrolled (65 males and
42 females) into this study (Figure I), including 37 non-
cirrhosis cases (51.3+14.76 years old; non-cirrhosis group)
and 70 cirrhotic individuals (45, 20, 3, and 2 with hepatitis
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B, alcoholic, immune, and unknown-cause cirrhosis,
respectively). In addition, none of the patients experienced
adverse events after injection of the contrast agent. Totally,
101 non-cystic liver lesions with a diameter >1 cm were
included in the analysis, with a median diameter of 2.30 cm
(range, 1.2-9.1 cm) (Table 1).

Statistical comparisons of RER, CNR, and SNR between
the HCPEC and HCPproposed

The RER, CNR, and SNR showed no significant
differences between the HCPyc and HCP ,,,q in non-
cirrhosis group (P=0.20, P=0.67, and P=0.25), CP A group
(P=0.09, P=0.16, and P=0.80), and CP B group (P=0.06,
P=0.91, P=0.18), respectively (Tuble 2).

Time of the IBD initial visualization

Time of the IBD initial visualization (Time;p) was
10.00+1.67, 11.50+3.32, and 14.5£4.22 min in the three
groups, respectively (Figure 5). In summary, a total of
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Table 1 The clinical information of all patients in the three groups.

Wang et al. A protocol for acquiring HCP

Hepatic focal lesions

Group Number (M/F) Age (years)

HCCs FNH RNs HCA SNNs HMC HH
Non-cirrhosis 37 (20/17) 51.3+14.76 1 10 - 3 2 14 7
CPA 40 (28/12) 52.90+8.55 25 - 9 - - - -
CPB 30 (17/13) 63.00+7.66 22 - 8 - - - -
Total 107 (65/42) - 48 10 17 3 2 14 7

Data are expressed as mean = standard deviation or n. Number (M/F), the number of male and female patients; HCCs, hepatocellular
carcinomas; FNH, focal nodular hyperplasia; RNs, regenerative nodules; HCA, hepatocellular adenoma; SNNs, solitary necrotic nodules;
HMC, hepatic metastatic carcinomas; HH, hepatic hemangioma; CP, Child-Pugh.

Table 2 Statistical comparisons of RER, CNR and SNR between HCPy and HCP,,, 0

RER (n=107) CNR (n=101) SNR (n=101)
Group HCP
Mean + SD P value Mean + SD P value Mean + SD P value
Non-cirrhosis HCPop0sed 1.16+0.37 0.20 189.60+67.39 0.67 169.60+88.99 0.25
HCPg 1.17+0.36 191.50+68.32 172.00+89.03
CPA HCP,0p0sed 0.91+0.24 0.09 130.80+52.81 0.16 211.00+56.76 0.80
HCPg 0.92+0.24 136.40+52.05 210.10+54.08
CPB HCP oposed 0.74+0.35 0.06 133.25+8.23 0.91 175.40+63.79 0.18
HCPg 0.75+0.34 133.44+8.51 173.20+64.50

RER, relative enhancement ratio; CNR, contrast-to-noise ratio; SNR, signal-to-noise ratio; HCPg, adequate HCP determined upon the
2016 Expert Consensus of the European Society of Gastrointestinal and Abdominal Radiology; HCP 00, the HCP acquired 5 min after
the initial visualization of the intrahepatic bile ducts; SD, standard deviation; HCP, hepatocyte phase; CP, Child-Pugh.

CP B+ I—A—l
CP A- -
Non-cirrhosis |—0—|
T T T T 1
0 5 10 15 20 25

Timegp, min (mean, SD)

Figure 5 The forest plot of the Timey, in three groups. CP,
Child-Pugh; Timey,, time of the intrahepatic bile duct initial

visualization; SD, standard deviation.
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71 patients (66%) had Timey, =10 min. More specifically,
in the non-cirrhosis group (n=37), Time, was 5 min in
2 cases, 10 min in 33 (89%), and 15 min in 2; in the CP
A group (n=40), time was 10 min in 28 cases (70%) and
15 min in 12; and in the CP B group (n=30), time was
10 min in 10 patients (33%), 15 min in 15, 20 min in 3, and
25 min in 2.

Statistical comparisons of TimeEC and Timeproposed

Paired differences between Timerg and Time,,qpo.q in the
non-cirrhosis, CP A, and CP B groups were 1.08+3.56 min
(P=0.07), 2.88+4.22 min (P<0.001), and 5.83+5.27 min
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Table 3 Statistical comparisons of Time,,qe and Timeg in three groups

Delay time (min), mean + SD

Paired difference (x+s), t, P value

Group HCP
Non-cirrhosis HCP op0sed
HCPg
CPA HCP 1op0sed
HCPg
CPB HCP op0sed
HCPg

15.00+1.67 (1.08+3.56), 1.85, 0.07
16.35+3.85

16.50+3.32 (2.88+4.22), 4.31, <0.001
19.38+4.96

19.50+4.22 (5.83+5.27), 6.07, <0.001
25.33+6.01

Time,p0sea, acquisition time of the HCP .4 after the administration of the Gd-EOB-DTPA; Timegc, acquisition time of the HCPg. after
the administration; HCP, hepatocyte phase; SD, standard deviation; CP, Child-Pugh; HCP,,0s.q, the HCP acquired 5 min after the initial
visualization of the intrahepatic bile ducts; HCPg., adequate HCP determined upon the 2016 Expert Consensus of the European Society

of Gastrointestinal and Abdominal Radiology.

(P<0.001), respectively (Tuble 3).

Inter-observer agreement

The MRI signal measurements of the two observers
demonstrated good agreement. The ICCs were as follows:
ST [ICC =0.939; 95% confidence interval (CI): 0.932—
0.945], ST, (ICC =0.914; 95% CI: 0.885-0.936), and
SD,,,i. ICC =0.828; 95% CI: 0.773-0.870).

Inter-observer agreement of the determination of the
HCP,¢ and HCP, .., was 0.804 (86/107) and 0.962
(103/107), respectively, demonstrating a significant
difference (x2=13.09, P=0.001).

Discussion

Although Gd-EOB-DTPA is considered the most efficient
liver-specific MRI contrast agent in clinical practice, the
relatively low speed of MRI scanning and delay acquisition
of the HCP images result in a lengthy MRI examination
of at least 30 min for Gd-EOB-DTPA-enhanced MRI
(3,21,22). With the increasingly clinical application of
Gd-EOB-DTPA-enhanced MRI, mounting attention is
being paid to how to shorten the delay time of the HCP
acquisition after intravenous administration while obtaining
images with adequate diagnostic information. In this
investigation, we found that the adequate HCP could be
acquired 5 min after the initial visualization of the IBD,
which could serve as a convenient and reproducible protocol
for the HCP imaging.

Previous studies assessed the association of the delay time
of the HCP acquisition with liver function, demonstrating
that the better the liver function, the shorter the delay

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

time required for adequate HCP acquisition (11-13). For
the detection of liver lesions, patients with impaired liver
function often need a longer time to increase the uptake
of Gd-EOB-DTPA by liver parenchyma. Furthermore,
recent studies have indicated that the timing of the initial
visualization of the IBD is intrinsically associated with the
liver function, the better the liver function, the earlier the
initial visualization of the IBD after the administration
(7,23). Consequently, the visualization of the IBD is utilized
in optimizing the HCP acquisition protocol as one of the
preconditions for consideration of an adequate HCP.

In the present study, 95% of the patients in the non-
cirrhosis group (35/37) had the IBD visualized within
10 min after the administration of Gd-EOB-DTPA. Only
54.2% of cirrhotic patients (CP A + CP B) (38/70) had
the IBD visualized within 10 min after the administration,
which was slightly lower than that reported by Wu er /. (7)
(65.4%). The reason may be that the proportion of CP A
group patients in the cirrhotic patients (CP A + CP B) in
our study is relatively lower than that in the study of Wu
et al. (57.1% vs. 63.1%). In the present study, two patients in
the non-cirrhosis group had the IBD visualized 5 min after
the administration, which is consistent with the previous
report (23), whereas the CP A and CP B groups had no IBD
visualized in 5 min. The longest initial visualization of the
IBD (Timep) was 15 min (12/40) and 25 min (2/30) in the
CP A and CP B groups, respectively. Wu ez al. (7) reported
that the Time, was postponed to 20 and 30 min in CP A
patients and CP B/C patients, respectively.

In addition, Feng et a/. (24) showed that the IBD in
some cirrhotic patients did not visualize in 50 min after
the Gd-EOB-DTPA administration, possibly because the
genetic polymorphism in the OATP1B1 on the hepatocyte
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membrane affects the uptake rate of Gd-EOB-DTPA by
hepatocytes (25). All patients in the present study had the
IBD visualization within 40 min of the administration,
possibly due to the non-inclusion of CP C patients or the
limited sample size in our study.

Upon intravenous administration, Gd-EOB-DTPA
is rapidly distributed in the intravascular space and then
extravascular extracellular space with blood flow and
perfusion. The signal of the liver parenchyma rises quickly
within 2 to 3 min after the administration. Then, the
parenchymal signal continues to rise, though relatively
slowly, due to the hepatocytic uptake and intrahepatic
accumulation of the Gd-EOB-DTPA. Subsequently, Gd-
EOB-DTPA is excreted by multi-drug resistance protein
2 (MRP2) into bile ducts and exits the liver with the bile.
The amount of the Gd-EOB-DTPA accumulated in the
liver results from the dynamic balance between its uptake
and excretion, and determines the S, parenchyma. IBD
visualization marks the beginning of Gd-EOB-DTPA
excretion and suggests a consequent slowdown of the drug
accumulation rate in the liver. Gradually, the Gd-EOB-
DTPA uptake and excretion by the liver achieve a relative
balance, resulting in a MR signal plateau of the hepatic
parenchyma (8). Theoretically, the adequate HCP could be
acquired in the whole stage of the MR signal plateau when
the parenchymal signal remains at a high level and show
good contrast to the intrahepatic lesion. The shortest delay
time of the adequate HCP acquisition will be achieved at
the initial stage of the MR signal plateau, which, however,
is not reliably predictable. Based on the above analysis and
the findings of the present study, we might predict that the
initial stage of the hepatic MR signal plateau may occur at
around 5 min after the IBD initial visualization. Previous
research has suggested that the IBD initial visualization for
patients with normal liver function is about 12 min (26). In
addition, through observing the MRI signal intensity curves
reported in several previous articles (8,27,28), we found that
the initial stage of the MR signal plateau occurs at about
15-20 min after the Gd-EOB-DTPA administration. These
findings strongly support our prediction.

The 2016 EC of the ESGAR provided two conditions
for the consideration of the HCP as adequate: when Gd-
EOB-DTPA is detected in the IBD and the vessels are
definitely hypointense in comparison to the background
parenchyma. Anatomically, the IBD includes the left and
right hepatic ducts located in the hepatic hilum and their
small intrahepatic branches at all levels. In patients without
bile duct dilatation, the structures of the IBD that can
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be clearly identified in the Gd-EOB-DTPA-enhanced
MRI are the left and right hepatic ducts and their major
intrahepatic branches. Therefore, the judgement of the IBD
visualization in the present study was confined to evaluation
of the right and left hepatic ducts at the hepatic hilum level
in the images of the HCP.

Additionally, the 2016 EC of the ESGAR does not
provide any criteria for how to judge whether the vessels
are definitely hypointense in comparison to the background
parenchyma; it depends on the observer’s personal
experience. In the present study, to enhance the stability
of our study findings, two senior diagnostic radiologists
first assessed the images independently, and in case of
disagreement, another senior diagnostic radiologist was
involved to make final decision. The present study found
an inter-observer agreement of 96% (103/107) for the
HCP,,5p0sea determination, which was significantly higher
than that of 80% (86/107) for the HCPy determination
(’=13.09, P<0.05). Such outcomes are mainly attributed
to the subjectivity in the HCPg determination, namely,
no objective criteria were provided on the judgement of
“the vessels are definitely hypointense in comparison to
the background parenchyma”. In addition, the smaller
SD values of Time,,,poea compared with Timerc also
revealed the HCP,,,,,..s with upper precision and reliability
compared with HCPy. (Table 3), and this finding echoes the
reproducibility of the determination of HCP.

A previous study investigated the use of the ratio of the
liver signal intensity to that of the inferior vena cava (SIRLV)
as an indicator to assess the adequacy of the HCP images
in patients without chronic liver disease (CLD). This study
concluded that if the SIRLV >2.0, the HCP is adequate and
MR imaging could be stopped, thereby saving about 38% of
the HCP acquisition waiting time in non-CLD patients (29).
In addition, other investigators employed the liver-to-portal
vein ratio (LPR) to assess the HCPs and demonstrated that
the LPR >1.5 suggests an adequate HCP with improved
lesions detection rate (30-32). Although the adequate HCP
in these investigations is determined on objective criteria,
it requires hand-draw ROIs and formular calculations by
the operators during the MRI scanning, so might be of
low operability. Furthermore, with the advent of artificial
intelligence (AI) deep learning models, the convolutional
neural networks were utilized to determine the adequacy
of HCP for optimizing the HCP acquisition. It has been
reported that the Al deep learning models may save
approximately 48% of the HCP acquisition waiting time
in cirrhotic patients (33). However, its generalizability and
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robustness need to be validated, and its clinical application
faces great challenges (34,35).

This study has several limitations. First, patients with
severe hepatic impairment (CP C) were not included,
which may make our findings inapplicable to such patients.
Second, considering the total MRI examination time,
patient compliance and the MRI protocol’s operability, the
time interval for dynamic HCP image acquisition was set
at 5 min, although it would have been further reduced to
increase the temporal resolution of the HCP sampling. A
smaller acquisition time interval, for example, a 2- or 3-min
interval, may produce more accurate findings. Third, the
proposed protocol for the HCP acquisition in Gd-EOB-
DTPA-enhanced MRI are not applicable to patients without
the IBD visualization, which were not encountered in the
present study, mainly because of non-inclusion of patients
with severe hepatic impairment and biliary obstruction, or a
limited sample size.

Conclusions

The adequate HCP could be acquired 5 min after the initial
visualization of the IBD. We developed a convenient and
reproducible protocol for adequate HCP acquisition in
Gd-EOB-DTPA-enhanced MRI. This protocol enables
radiologists to quickly determine reasonable HCP delay
times and efficiently perform Gd-EOB-DTPA-enhanced
MRI scan, especially for liver function impaired patients.
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