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Background and Objective: Gadolinium ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-
EOB-DTPA)-enhanced magnetic resonance imaging (MRI) is widely used in clinical practice. Its unique 
hepatobiliary phase (HBP) has been used to improve the detection and identification of hepatic lesions and 
has also been used to evaluate hepatic function and fibrosis. At the early stage of its clinical practice, the HBP 
was typically collected empirically with a delay of 20 minutes after intravenous administration to image the 
liver with sufficient enhancement for diagnosis. However, numerous methods and consensus statements for 
optimizing HBP acquisition have been proposed. This review details the methods and consensus statements 
on optimizing HBP collection.
Methods: The electronic literature search was performed using the databases PubMed, MEDLINE, 
Cochrane, and Embase without limit on publication period to identify published reports on optimizing HBP 
imaging in Gd-EOB-DTPA-enhanced MRI. Articles with low relevance to the topics were excluded.
Key Content and Findings: Recently, an increasing number of investigations suggest that collecting 
HBP after 20 min is too drawn-out for patients with normal liver function but is too short for patients with 
cirrhosis. Previous studies demonstrated that liver enhancement is closely related to liver function in Gd-
EOB-DTPA-enhanced MRI. Therefore several reports have proposed various HBP delay times at different 
liver function levels. These delay times could be evaluated by laboratory indicators, such as prothrombin (PT) 
activity, total bilirubin, direct bilirubin, and the model for end-stage liver disease. Other investigations have 
found that the initial visualization time of the intrahepatic bile duct (IHD) in Gd-EOB-DTPA-enhanced 
MRI to also be related to liver enhancement and function. Therefore, initial visualization of the IHD is 
considered necessary for adequate HBP and has been employed in HBP acquisition in recent reports.
Conclusions: Optimizing HBP acquisition according to individual hepatic function is a good strategy and 
was followed in most of the investigations included in our review. Obtaining adequate HBP in the shortest 
possible time is the target condition in Gd-EOB-DTPA-enhanced MRI. However, a more concise and 
efficient HBP acquisition strategy is still expected to be developed in the future.
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Introduction

Gadolinium ethoxybenzyl-diethylenetriamine pentaacetic 
acid (Gd-EOB-DTPA), a liver-specific contrast agent 
with the highest imaging efficiency of its kind, has been 
widely used in clinical practice. In addition to providing 
the same dynamic contrast enhancement as conventional 
extracellular space contrast agents, Gd-EOB-DTPA-
enhanced magnetic resonance imaging (MRI) can provide 
an additional hepatobiliary phase (HBP) for the detection 
and identification of hepatic lesions and the evaluation 
of liver function and fibrosis (1-4). Hepatic cells begin to 
uptake Gd-EOB-DTPA at about 1.5 min after intravenous 
administration and then reach a peak of uptake around  
20 min after  administrat ion (5,6) .  Therefore,  an 
adequate HBP can be typically achieved with a delay of  
20 min after intravenous injection. However, 20 min delay 
time is considered too drawn-out in patients with normal 
liver function and too short in patients with cirrhosis. 
Some studies demonstrated that liver uptake and excretion 
of Gd-EOB-DTPA are closely related to liver function 
(7,8). Therefore, researchers have employed personalized 
delay times for HBP acquisition based on patients’ liver 
function in order to optimize the HBP acquisition. 
These investigations and findings have contributed to the 
consensus on the HBP acquisition in Gd-EOB-DTPA-
enhanced MRI from the International Forum for Liver 
Magnetic Resonance Imaging (IFFLMRI). However, liver 
function should be evaluated sufficiently before the MRI 
is performed according to the IFFLMRI consensus. Other 
investigations found that the initial visualization time of 
the intrahepatic bile duct (IHD) in Gd-EOB-DTPA-
enhanced MRI was also related to liver enhancement and  
function (9). Therefore, initial visualization of the IHD 
is considered to be 1 of the 2 necessary conditions for 
adequate HBP in the consensus on the clinical application 
of Gd-EOB-DTPA from the European Society of 
Gastrointestinal and Abdominal Radiology (ESGAR) (10).  
Another necessary condition of the adequate HBP 
suggested by the ESGAR is a signal intensity (SI) of the 

hepatic parenchyma higher than that of the intrahepatic 
vessel, which depends on the observer’s personal judgment. 
Therefore, optimization of HBP imaging in Gd-EOB-
DTPA-enhanced MRI is still a topic that needs to be 
reviewed and investigated further. We present the following 
article in accordance with the Narrative Review reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-916/rc).

Methods of the study

The electronic literature search was not restricted by 
publication date and was performed using the PubMed, 
MEDLINE, Cochrane, and EMBASE databases to identify 
published reports on optimizing HBP imaging in Gd-
EOB-DTPA-enhanced MRI. The search terms we used in 
the investigation were “Gd-EOB-DTPA”, “gadoxetic acid 
disodium”, “gadolinium ethoxybenzyl-diethylenetriamine 
pentaacetic acid”, “hepatobiliary phase”, “hepatocyte phase”, 
and “consensus” (Table 1). The language of all publications 
was limited to English. Three authors, Chao Wang, Ning 
Wu, and Wei-Rong Sun, reviewed the above literature 
independently. The number of literatures retrieved from the 
above databases is 962, 380, 384, 132. We excluded articles 
that were not related to Gd-EOB-DTPA-enhanced MRI 
HBP acquisition, Finally, a total of 12 articles and the Liver 
Imaging Reporting and Data System (LI-RADS) version 
2018 on the clinical application of liver-specific contrast 
agents Gd-EOB-DTPA were obtained (Tables 2,3) (10-22).

Optimizing the delay time of HBP based on 
different liver functions

Gd-EOB-DTPA is specifically absorbed by the hepatocyte 
after intravenous injection. However, impaired liver 
function results in reduced specific absorption of Gd-EOB-
DTPA by hepatocytes. Certain studies have shown that a 
10-minute delay in detecting liver metastases is sufficient 
to obtain adequate HBP in patients without chronic liver 
disease (CLD) (23-25). For example, Caton et al. (26) 
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recently verified that a 15-minute delay time is time-saving 
for patients with neuroendocrine tumors.

In reports on optimizing the HBP delay time for 
patients with different liver functions, most studies have 
concluded that a delay of 15 min is sufficient to obtain 
adequate HBP in patients with mildly impaired liver 
function (27). However, another report demonstrated that 
a 10-minute HBP delay time in patients with Child-Pugh 
(C-P) A grading is sufficient for identifying hepatocellular 
carcinomas (HCCs) (28). The suitable delay time of HBP 
for patients with severe liver function impairment is also 
controversial. It was reported that extending the delay to 
30 min can improve the enhancement of liver parenchyma 
with cirrhosis, thus improving the conspicuity of hepatic 
focal lesions, but some investigators deem that further 
extending the acquisition time in patients with severe 
cirrhosis is meaningless for obtaining adequate HBP 
(20,27,29). Whether a delayed HBP acquisition will benefit 
patients with severe cirrhosis is also controversial. In clinical 

practice, we tend to postpone HBP collection time in 
patients with cirrhosis (21).

Methods of optimizing the delay time for HBP 
and predicting adequate and reasonable HBP

A larger flip angle (FA) can improve the contrast-to-noise 
ratio, and further studies have indicated that a 5-minute 
transition phase with 30° FA or 10-minute HBP with 30° 
FA can replace the 20-minute HBP with a standard 10° FA  
(30-32). Despite this finding, the absorption of Gd-EOB-
DTPA by liver parenchyma on HBP with a 5-minute 
delay was not sufficient in our clinical practice. Liver 
enhancement is influenced by clinical laboratory indicators 
(33-35). In a multicenter study, Okada et al. (36) showed 
that the enhancement of liver parenchyma is significantly 
correlated with biochemical indexes. Then, the delay 
time could be shortened to obtain adequate HBP when 
prothrombin (PT) activity was at least 86.9%. In order 

Table 1 The search strategy summary

Items Specification

Date of search April 9, 2022

Databases and other sources 
searched

PubMed, MEDLINE, Cochrane, Embase

Search terms used (including 
MeSH and free text search 
terms and filters)

(“Gd-EOB-DTPA” [MeSH]) AND “hepatobiliary phase” [MeSH]

(“gadoxetic acid disodium” [MeSH]) AND “hepatobiliary phase” [MeSH]

(“gadolinium ethoxybenzyl-diethylenetriamine-pentaacetic acid” [MeSH]) AND “hepatobiliary phase” 
[MeSH]

(“Gd-EOB-DTPA” [MeSH]) AND “hepatocyte phase” [MeSH]

(“gadoxetic acid disodium” [MeSH]) AND “hepatocyte phase” [MeSH]

(“gadolinium ethoxybenzyl-diethylenetriamine-pentaacetic acid” [MeSH]) AND “hepatocyte phase” [MeSH]

(“Gd-EOB-DTPA” [MeSH]) AND “consensus” [MeSH]

(“gadoxetic acid disodium” [MeSH]) AND “consensus” [MeSH]

(“gadolinium ethoxybenzyl-diethylenetriamine-pentaacetic acid” [MeSH]) AND “consensus” [MeSH]

Timeframe January 1, 1999–April 9, 2022

Inclusion and exclusion criteria Inclusion criteria: original article, review, consensus statement. Exclusion criteria: animal trial, literature 
not published in English, and other literature not related to the topic 

Selection process Three authors (Chao Wang, Ning Wu, and Wei-Rong Sun) conducted an independent literature search 
and finally determined the relevant published reports

Any additional considerations, 
if applicable

The LI-RADS version 2018 was used in the review 

MeSH, Medical Subject Headings; Gd-EOB-DTPA, gadolinium ethoxybenzyl-diethylenetriamine pentaacetic acid; LI-RADS, Liver Imaging 
Reporting and Data System.
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Table 2 Consensus reports/statements from the International Forums for Liver MRI using Gd-EOB-DTPA

Sequence Years Venues
Technical optimization of 

HBP imaging (yes/no)
Consensus statements of HBP delay time

First (11) 2007 Dublin, Germany Yes Optimal time: 20 min

Some patients: 10 min

Patients with diffuse liver disease: 40 min

Second (12) 2008 Kyoto, Japan Yes Noncirrhotic patients: 10 min

Cirrhotic patients: 20 min or later

Third (13) 2009 Frascati, Italy Yes Optimal time: 20 min

Noncirrhotic patients: 10–15 min

The delay time of HBP may be influenced by bilirubin level; 
additional data are required to better understand this topic

Fourth (14) 2010 Seoul, Korea No –

Fifth (15) 2011 Munich, Germany Yes The delay time of HBP should be selected approximately  
10–20 min after intravenous administration, depending on liver 
function

Sixth (16) 2012 Vancouver, Canada No –

Seventh (17) 2013 Shanghai, China Yes While a 20-min delay is acceptable in most patients, a shorter delay 
time may be feasible for hepatic parenchymal enhancement in 
some patients. A longer delay time may be helpful for patients with 
impaired liver uptake and biliary system visualization

Eighth (18) 2017 Basel, Switzerland Yes The minimum protocol in noncirrhotic oncological patients:  
10–15 min. The minimum protocol in cirrhotic patients for screening 
and presurgical evaluation/staging: 20 min

Ninth (19) 2019 Singapore No –

MRI, magnetic resonance imaging; Gd-EOB-DTPA, gadolinium ethoxybenzyl-diethylenetriamine pentaacetic acid; HBP, hepatobiliary 
phase.

to avoid giving more expensive drugs to patients who 
cannot benefit from HBP, Kobi et al. (37) showed that a 
model for end-stage liver disease score, direct bilirubin, 
and total bilirubin could accurately predict suboptimal 
HBP to optimize HBP acquisition. Another report showed 
that suboptimal HBP could be predicted by combining 
the albumin-bilirubin grading with the liver-to-spleen 
ratio (LSR) during the 3-minute transition phase (38). 
The combination of MR elastography and serological 
examination of liver function using the Bayesian method 
can also predict applicable HBP to help radiologists and 
MRI technicians assess the benefits of GD-EOB-DTPA and 
prevent diagnostic pitfalls (39). 

Subsequently, other studies have proven that the liver-
portal vein contrast ratio can be used as a surrogate for LSR 
to evaluate HBP; these studies provided a cutoff value of 1.5, 
which assisted us in obtaining sufficient HBP to improve 

the detection of hepatic lesions (40-42). The subjective 
visual criterion based on the portal vein is also applicable 
to the estimate of the HBP image and can replace LSR, 
enriching the means of HBP evaluation (43). In addition, 
the liver-inferior vena cava ratio (LVCR) can also be used 
as an objective indicator to evaluate the adequacy of HBP 
in patients without CLD; when the LVCR reaches 2.0, 
the delay time can be reduced in 38% of patients without  
CLD (44). However, most of the above-mentioned methods 
for predicting HBP are still based on liver function. Some 
techniques for predicting HBP adequacy based on the MRI 
still need to be performed manually. 

With the rise of artificial intelligence, a convolutional 
neural network (CNN) has been used to automatically 
evaluate the adequacy of HBP and optimize the acquisition 
time. The application of the CNN algorithm may shorten 
the delay time of HBP and help radiologists identify 
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Table 3 Other consensuses for HBP imaging

Other consensus 
Technical optimization of 
HBP imaging (yes/no)

Consensus statements of HBP delay time

Consensus statements from a 
multidisciplinary expert panel 
[2012], (20) 

Yes Current recommendations: 20 min

However, there is increasing evidence supporting acquisition as soon as  
10 min after injection in patients with normal liver function

Patients with cirrhosis are advised to have HPB collected longer than the 
conventional 20-min delay time

Chinese consensus [2019], (21) Yes The best HBP delay time: 20 min reach the peak absorption of the Gd-EOB-
DTPA

Normal liver function: 10 min

Chronic liver disease: prolonged to 30 min

ESGAR [2016], (10) Yes Adequate HBP:

Gd-EOB-DTPA is detected in the bile ducts

SIliver >> SIintrahepatic vessels

However, depending on hepatic physiological and pathophysiological 
function, an optimal hypointense signal of the hepatic vessels cannot always 
be achieved

LI-RADS version [2018], (22) Yes Adequate HBP:

SIliver >> SIintrahepatic vessels. It is suboptimal otherwise

Drawback: visible excretion of Gd-EOB-DTPA into the bile duct does not 
indicate adequate HBP

HBP, hepatobiliary phase; ESGAR, European Society of Gastrointestinal and Abdominal Radiology; LI-RADS, Liver Reporting and Data 
System; Gd-EOB-DTPA, gadolinium ethoxybenzyl-diethylenetriaminepentaacetic acid; SI, signal intensity; SIliver, the signal intensity of liver; 
SIintrahepatic vessels, the signal intensity of intrahepatic vessels.

technically unsatisfactory images and avoid diagnostic 
pitfalls, shortening HBP acquisition time in almost 48% of 
patients with liver disease (45). The method based on CNN 
to evaluate the adequacy of HBP is automated and time-
saving. However, CNN, as an emerging technology, still 
faces great challenges in its generalization because of the 
requirements on professional knowledge and low robustness 
in clinical settings (46,47).

Consensus on optimizing HBP delay time

Consensus statements and reports of the IFFLMRI

The consensus statement of the First International 
Primovist User Meeting held in Dublin on September 
22–23, 2007, recommended a delay time of 20 min for HBP. 
For some patients, a delay of 10 min is sufficient; however, 
for patients with CLD, an extension of 40 min is necessary 
(11). Subsequently, optimization of the Gd-EOB-DTPA-

enhanced protocol in the Second and Third International 
Forum for Liver MRI both recommended that a delay time 
of 10 to 15 min is sufficient for patients without cirrhosis, 
while the delay time may be extended to 20 min for patients 
with cirrhosis (12,13). In the Consensus Report of the 
Fourth International Forum for Gd-EOB-DTPA-enhanced 
MRI, the role of HBP in detecting small liver lesions was 
emphasized, and the progress of organic anion-transporting 
polypeptide 8 transporters was also discussed, without much 
elaboration on the technical aspects of optimizing HBP (14). 
Standardization of the Gd-EOB-DTPA-enhanced MRI 
protocol in the Consensus Report of the Fifth International 
Forum for Liver MRI recommended an appropriate 
HBP delay time between 10 and 20 min, depending on 
liver function (15). However, T1 mapping demonstrated 
that the T1 relaxation time in liver parenchyma is not 
shortened after a 13-minute delay time in patients with and 
without liver function damage, which may indicate that 
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Figure 1 An MRI technician collected 8 HBP from 5 to 40 min in a 54-year-old male with RN (white arrow) after intravenous injection. 
The contrast between the liver parenchyma and the intrahepatic vessels and the conspicuity of the RN gradually increased. (A) A 5-min 
HBP, with the biliary tract not being visualized. (B) A 10-min HBP with initial visualization of the biliary tract (white arrowhead). (C) A 15-
min HBP. (D) A 20-min HBP. (E) A 25-min HBP. (F) A 30-min HBP. (G) A 35-min HBP. (H) A 40-min HBP. MRI, magnetic resonance 
imaging; HBP, hepatobiliary phase; RN, regenerated nodule.

an excessive delay time is meaningless (48). Since the SI 
of liver parenchyma is related to the shortening of the T1 
relaxation time by Gd-EOB-DTPA, a consensus statement 
was reached on the use of 40° FA in HBP to improve liver 
lesion conspicuity in the Consensus Report From the Sixth 
International Forum for Liver MRI Using Gd-EOB-DTPA 
held in Vancouver, Canada in September 2012, however, 
the optimal HBP delay time was not explained (16). The 
consensus report of the Seventh Liver International Forum 
on the technical optimization of HBP acquisition also 
suggests that a larger FA would increase the visibility of liver 
lesions (17,49). If the HBP acquisition time is prolonged 
appropriately, the visualization of the intrahepatic lesions 
can be optimized, however reducing patient comfort. The 
principle for determining when to collect HBP in Gd-
EOB-DTPA-enhanced MRI is a trade-off between patient 
comfort and visualization of the intrahepatic lesions. The 
20-min delay time for HBP is often suitable for most 
individuals. A delay time of less than 20 min may be 
feasible for some patients, and a delay time greater than the 
traditional 20 min may be significant for improving liver 
parenchyma enhancement in patients with cirrhosis (17).  
The shortened MRI protocols of Gd-EOB-DTPA-
enhanced MRI in the Consensus Report from the Eighth 
International Forum, held in October 2017 in Basel, 
Switzerland, advised that the minimum delay time of HBP 

is 20 min in cirrhotic patients, while the minimum delay 
time of HBP for a patient with normal liver function is  
10–15 min (18). Recently, at the Ninth International 
Forum for Liver MRI held in Singapore in 2019, the 
significance of abbreviated MRI (AMRI) sequences for 
detecting HCCs and liver metastases was mentioned, in 
which HBP in the AMRI sequences were all obtained at 
a 20-min delay time (19). Based on the comprehensive 
analysis of the previous consensus reports from the 
International Forum for Liver MRI, we can conclude 
that a delay of 10 to 15 min is sufficient for patients with 
normal liver function, while a conventional delay of  
20 min is required for patients with cirrhosis, and a longer 
delay time is beneficial for the visualization of the biliary 
and liver parenchyma enhancement in severely cirrhotic 
patients (Table 2; Figure 1).

Consensus statements on the delay time of HBP from a 
multidisciplinary expert panel

A multidisciplinary expert panel established in June 2012 
recommended an appropriate HBP delay of 20 min. A delay 
time of more than 20 min was recommended for patients 
with cirrhosis. However, there is increasing evidence that a 
delay of 10 min is sufficient for patients with normal liver 
function (20,50,51).
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Chinese consensus on the delay time of HBP

Gd-EOB-DTPA was launched in China in early 2011; 
however, it is not yet widely used in Chinese hospitals. 
Moreover, there is a lack of consensus on the use of Gd-
EOB-DTPA. Based on this background, a consensus on 
the clinical application of Gd-EOB-DTPA was proposed 
in China in 2019. The Chinese consensus on the clinical 
application of Gd-EOB-DTPA mentioned the scanning 
protocol to optimize HBP imaging; that is, the general 
delay time for HBP is 20 min after intravenous injection. 
Specifically, HBP can be obtained at a 10-min delay time 
in patients with normal liver function. A longer delay time 
can increase liver parenchyma enhancement. In patients 
with cirrhosis, the delay time can be extended to 30 min to 
further satisfy the enhancement of liver parenchyma (21,52).

Both the multidisciplinary expert panel and Chinese 
consensus statements determine the reasonable HBP 
delay time based on liver function. A 10-min delay time is 
considered feasible for patients with normal liver function, 
and the HBP collection time can be appropriately extended 
for patients with cirrhosis (Table 3).

ESGAR consensus statement on the delay time of HBP

ESGAR provides consensus and up-to-date advice on liver 
MRI and the clinical use of Gd-EOB-DTPA. ESGAR 
defines an adequate HBP as when the intrahepatic vascular 
SI is lower than the hepatic parenchyma SI during IHD 
opacity (10).

Adequate HBP in the LI-RADS version 2018

The technical section of the LI-RADS version 2018 
describes how to judge the adequacy of HBP. There 
is a misconception that biliary imaging represents the 
adequate enhancement of the hepatic parenchyma (22). 
LI-RADS version 2018 emphasized the importance of 
liver enhancement over intrahepatic vessels to obtain an 
adequate HBP.

Compared with the delay time of individualized adequate 
HBP based on liver function, if we use ESGAR or LI-
RADS version 2018 to determine the adequacy of HBP, we 
often need to track the changes of multiple structural SIs in 
the liver for multiple phases (Table 3; Figure 1).

The delay time of HBP acquisition for the evaluation of the 
liver reserve function

As a liver-specific contrast agent, Gd-EOB-DTPA could 
be taken up by hepatocytes through the same passageway 
as bilirubin, resulting in unique HBP imaging. Therefore, 
Gd-EOB-DTPA-enhanced MRI has been used for 
hepatic lesion detection and also for liver function reserve 
evaluation. Reports demonstrated that hepatocytes begin to 
uptake Gd-EOB-DTPA at about 1.5 min after intravenous 
administration. However, the early-stage imaging of its liver 
enhancement, such as the arterial phase, the portal vein 
phase, and even the transitional phase, is not suitable for 
evaluating hepatic functional reserve. This is because, at this 
stage, a large amount of the agents is distributed among the 
extracellular spaces, which contributes much more to the 
SI of MRI than do the agents from the intracellular spaces. 
Theoretically, the amount of the agents accumulated in 
the intracellular spaces of hepatocytes reflects the hepatic 
functional reserve. The HBP acquired between 15 and  
20 min after intravenous administration has demonstrated 
good contrast between liver parenchyma and intrahepatic 
vessels, suggesting that there is more agent in the intracellular 
spaces than in the extracellular spaces. Therefore, a 15–20-
min HBP may be suitable for evaluating the hepatic 
functional reserve. However, a recent investigation 
demonstrated the liver-spleen contrast on a 60-min delay 
HBP has a strong positive correlation with the receptor index 
(LHL15) calculated from 99mTc-GSA liver scintigraphy (53). 
Therefore, a much longer delayed acquisition time should be 
recommended for hepatic functional reserve evaluation than 
that for hepatic lesion detection. 

Conclusions

The va lue  o f  imaging  i s  not  conf ined  to  image 
interpretation. Every initiative that helps the imaging 
process benefit patients will maintain value beyond image 
interpretation (54). The image quality, time requirement, 
and the patients’ comfort in the MRI protocol are all 
important considerations in the strategies for optimizing 
HBP acquisition. The importance of the former is self-
evident, while the latter two represent a value beyond 
image interpretation. Due to technical limitations, MRI 
examination takes a long time, and the noise during the 
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examination is relatively high. The patient’s tolerance to 
an MRI examination is not very good. Therefore, if the 
study time is to be extended, especially in Gd-EOB-DTPA-
enhanced MRI, we should inform and comfort the examinee 
to ensure cooperation in the examination. With the in-
depth investigation of adequate HBP acquisition, several 
HBP acquisition protocols have been proposed for different 
clinical settings. If the relevant laboratory indicators are 
accessible and liver function grading is achieved prior to 
the MRI examination, the IFFLMRI consensus can be 
used to formulate the adequate HBP acquisition protocol. 
Otherwise, the ESGAR consensus can be used to determine 
the adequate HBP during the MRI process, which will be 
the end of the examination. However, it could be time-
consuming and laborious for radiologists to judge whether 
an HBP is adequate.
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