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Abstract

Liver cancer is the common malignant tumor in China and current treatment
is based on surgery. However, liver function of many liver cancer patients is
impaired before surgery, so there’s a high possibility of occurrence of liver
failure after the tumor resection. Therefore, it’s necessary to accurately eva-
luate liver function before surgery. Currently, clinical methods are mostly li-
mited to assess the function of overall liver. But the application of hepato-
cyte-specific contrast agent—gadolinium ethoxybenzyl diethylenetriamine
pentaacetic acid (Gd-EOB-DTPA) makes it possible to assess the function of
local liver segment accurately. This paper reviewed the progress of using
Gd-EOB-DTPA dynamic contrast enhanced magnetic resonance imaging
(MRI) to assess liver function preoperatively, such as parameters selection for
liver function assessment, clinical factors affecting Gd-EOB-DTPA enhanced
MRI and so on.
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1. Introduction

Liver cancer is the common malignant tumor in China, and ranks third in all the

tumor incidence [1] [2]. Actually, some patients with liver cancer are not suita-

ble for liver transplantation, and for the limited number of transplant recipients,

the current treatment is still mainly based on surgical resection in China. How-

ever, liver cancer patients are usually accompanied with chronic hepatitis, schis-

tosomiasis liver disease, liver cirrhosis and other chronic liver diseases [3]. In
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addition to the tumor lesions, chronic liver diseases also cause varying degrees
damage to the liver, resulting in insufficient liver reserve capacity. Unfortunately
the latter is an important reason for the liver failure [4]. Therefore, accurately
assessment of liver function preoperative is helpful to reduce the incidence of
postoperative liver failure.

Liver has many functions such as metabolism, secretion, excretion, and detox-
ification; correspondingly there’re many ways to assess liver function. At
present, clinical commonly used methods are limited in assessing overall liver
function, not accurately assessing local segment liver function [5] [6]. However,
in conditions such as portal embolization or unilateral cholestasis, damages of-
ten occur in local segment. The assessment methods of overall liver function do
not truly reflect the function at a specific site. Gadolinium ethoxybenzyl diethy-
lenetriamine pentaacetic acid (Gd-EOB-DTPA, Prinovist, Schering, Berlin,
Germany) has the double characteristics of extracellular contrast agent and
intracellular contrast agent, and is able to evaluate liver function in a specific site
of local liver segment, thus becoming a research hotspot in recent years.

Gd-EOB-DTPA is a new kind of multifunctional magnetic resonance contrast
agent produced by Bayer Schering Pharma AG in 1992, and it has undergone I,
II, and IIT clinical trials since then [7]. Lastly, it was officially listed in China in
July 2011 [8]. Many studies have indicated that Gd-EOB-DTPA enhanced MRI
has high accuracy in detection and characterization of focal liver lesions as yet. It
has the ability to distinguish between benign and malignant liver diseases such
as hepatic cell carcinoma (HCC), regenerative nodule (RN), dysplastic nodule
(DN) and liver metastases [8] [9]. Not only that, Gd-EOB-DTPA enhanced MR
cholangiography can be used for the diagnosis of diseases such as biliary ob-
struction and gallstones [10]. However this review will focus on the progress of
Gd-EOB-DTPA used in liver function assessment.

2. Common Methods of Liver Function Assessment

2.1. Blood Parameters

Measuring blood parameters is the most basic and widely used method, and the
commonly concerned parameters include albumin(Alb), bilirubin, alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), glutamyl transpeptidase (GGT) and proenzyme time (PT). This method
is easy to perform and can initially assess liver function, but these indicators only

reflect the degree of liver damage, not directly assess liver function [11].

2.2. Comprehensive Scoring Systems

The most widely used methods in clinical are the Child-Turcotte-Pugh (CTP)
classification and the model for end-stage liver disease (MELD) score. Their
drawbacks are that they are not suitable for non-cirrhosis patients, and the liver
function difference between patients of the same level can be very large [12].

That’s to say, patients with the lowest level of liver damage may also experience
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serious complications such as liver failure after the hepatectomy.

2.3. Quantitative Experiments of Liver Function

The always used method is indocyanine green (ICG) test which is the most ac-
curate technique for assessing liver function now [13]. But during the test, the
effects of liver on drug intake and metabolism are considered, while the effects of
hepatic blood flow, bile and liver material exchange on drugs are ignored. More
importantly, the test is also an evaluation of overall liver function with limited

reference value in clinical practice [14].

2.4. Liver Volume Measurement

It mainly includes methods of measuring the physical volume of liver by using
imaging techniques such as computed tomography (CT) and MRI, and measur-
ing functional volume of liver by using nuclear medicine technology which is
represented by 99mTc Gamma Scintigraphy (99mTc-GSA) [15] [16]. Compar-
ing these two methods, measuring functional volume is better because the liver’s
physical volume and actual function are always not in consistence. But, consi-
dering the complexity of operation and high price of radioactive elements, it’s

difficult to popularize in clinical practice [17] (Table 1).

Table 1. Comparison of common methods for liver function assessment. These five methods in are available for liver function
assessment and each has advantages and disadvantages. However, the first three methods are only used for overall liver function
assessment, and the latter two methods can be used for local liver function assessment. Comparing the latter two methods,
Gd-EOB-DTPA enhanced MRI is more convenient to operate.

Method Advantage Disadvantage Clinical application Example
Basi t; Overall li t
Blood parameters E:lctzsns)es::;f: In‘:ie'réd :Ie(;iéfifsjrejzzfn Most basic and Alb; bilirubin;
P Y 1o op ? idu ) ? widely used ALT; AST; PT
Cheap Only reflect liver damage

Basic assessment; .
Overall liver assessment;

. i Non-individual difference; i Most basic and CTP-classification;
Comprehensive scoring systems Not suitable for .
Easy to operate; K . . widely used MELD score
non-cirrhosis patients
Cheap
Accurate assessment; Overall liver assessment
Quantitative experiments Relatively easy to operation; only consider the effects of liver Frequently used ICG test
Relatively cheap on drug intake and metabolism
Accurate assessment;
Local segment assessment;  Complex to operate; Used only for
Liver volume measurement . & . .p . P . . Y 99mTc-GSA
Provide anatomical Radioactivity expensive academic research
and functional information
Evaluation parameters and
Accurate assessment; standards have not yet reached Used only for Gd-EOB-DTPA
Gd-EOB-DTPA enhanced MRI ) y Y
Local segment assessment  the unified standard; academic research  enhanced MRI

Relatively expensive
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3. Overview and Advantages of Gd-EOB-DTPA
3.1. Pharmacokinetics of Gd-EOB-DTPA

Gd-EOB-DTPA is a hepatocyte target contrast agent adding a unique lipophilic
EOB group, which makes the hepatocyte uptake rate as high as 50%, that can
significantly increase the T1 relaxation rate and shorten the T1 relaxation time
[9]. Most importantly, Gd-EOB-DTPA has both the characteristics of a
non-specific extracellular contrast agent and the specific intracellular contrast
agent [18]. Gd-EOB-DTPA enters hepatocytes through the organic anion-transporting
polypeptide 1 (OATP1) transporter on the hepatocyte membrane, so in the se-
verely damaged liver, Gd-EOB-DTPA cannot be concentrated in hepatocytes
due to the lack of the OATP1 transporter. As a result, the relevant area is in low
development or cannot be developed, thereby exhibiting a low signal and being

distinguishable from a high signal in a normal area [19].

3.2. Advantages of Gd-EOB-DTPA

Comparing with other hepatobiliary-specific agents, for example gadopentetate
dimeglumine (Gd-DTPA), the advantages of Gd-EOB-DTPA mainly in: 1)
Gd-EOB-DTPA has dual channels of excretion that can be excreted by the bi-
liary tract and kidneys at the same time, and the ratio of two ways is about 50%
[20]. That is to say, when there is an excretion disorder in one of the two ways, it
can be compensated by another way; 2) To achieve the same degree of develop-
ment, Gd-EOB-DTPA requires only one quarter of the amount of Gd-DTPA
[21]; 3) Compared with Gd-DTPA, Gd-EOB-DTP can reach developmental re-
quirements 20 min after injection instead of 40 min, thus significantly reducing
inspection time; (4) Gd-EOB-DTPA is safer because it causes less adverse reac-
tions [22] (Table 2).

4. The Setting of Flip Angle and Scan Time during
Examination

In general, hepatocytes start to taking up the contrast agent after 1.5 min of con-
trast injection, and 20 min after Gd-EOB-DTPA enhancement is defined as the
“standard” hepatobiliary phase (HBP). Recently, there’re many arguments about
the choice of scanning parameters, especially for flip angle (FA) and start scan
time of HBP.

Table 2. Difference between Gd-EOB-DTPA and Gd-DTPA. Gd-EOB-DTPA has many
advantages over other hepatobiliary-specific agents (such as Gd-DTPA), making it more
suitable for clinical applications.

Contrast agent Gd-EOB-DTPA Gd-DTPA
Excretion Liver and kidneys Only kidneys
Dosage 0.025 mmol/kg 0.1 mmol/kg
Examination time 20 min 40 min
Adverse reactions less more
DOI: 10.4236/ym.2019.31004 35 Yangtze Medicine
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Zhi-Peng zhou et al. [23] compared 10-min HBP and 20-min HBP images of
103 patients after Gd-EOB-DTPA enhancement, founding that the 10-min HBP
point was a viable option for quantitatively assessing liver function while reduc-
ing examination time. Inhwan Jeon et al. [24] made imaging experiments using
three different parameters: 10 min-FA30, 20 min-FA10, and 20 min-FA30, and
results showed that diagnostic performance of 10 min-FA30 was higher than
that of 20 min-FA10 and 20 min-FA30, regardless of whether the liver function
was in the compensated or decompensated period. These indicate that 10-min
after the contrast agent injection, increasing the FA can be used to perform HBP
imaging without considering the liver function. However, Okada et al [25] re-
ported that by analying FA of 9 different values, the image quality obtained by
FA 10 - 20 was the best, and when FA > 20, the image quality would be de-
graded. Similarly, Cui Enming et al [26] believed that although increasing FA
could significantly improve image contrast, but it would inevitably reduce the
signal to noise ratio (SNR) of images, leading to missed diagnosis of small le-

sions.

5. Parameters Selection for Liver Function Assessment

Lan Lianjun et al [27] pointed out that parameters of Gd-EOB-DTPA enhanced
MRI for assessing liver function can be divided into four categories: 1) T1 relax-
ation; 2) T2* relaxation time reduction rate; 3) biliary enhancement; 4)
Gd-EOB-DTPA MRI perfusion imaging. Among them, T1 relaxation is the most
widely used parameter. The specific evaluation indicators include relative en-
hancement (RE), hepatocellular uptake index (HUTI), liver uptake rate and intake
fraction, T1 relaxation time and T1 map.RE is calculated according to the degree
of liver parenchymal enhancement before and after Gd-EOB-DTPA enhanced
MRI scan (SIpre, SIpost), and the specific formula is:

RE (%) = [(SIpost - SIpre)/SIpre];

HUI is based on the measurement of liver and spleen signal intensity (L20,
$20) and liver volume (VL), and then calculated according to the formula HUI =
VL[(L20/S20) — 1]; Liver uptake rate and uptake fraction, T1 relaxation time and
T1 map are mainly based on the T1 value of the liver before and after enhance-
ment [27]. No matter evaluation parameters based on SI or T1 values, they are
statistically well correlated with CTP classification, MELD score, ICG test and
other evaluation methods, thus confirming the accuracy of these evaluation pa-
rameters [17] [28] [29].

Michael Haimerl et al. [30] performed Gd-EOB-DTPA enhanced MRI in 107
patients with liver disease, and measured T1 relaxation time before and after
enhancement as well as SI and HUI corrected by spleen and muscle. The simple
linear regression model showed that all of them were correlated with the result
of ICG test, but the correlation between T1 relaxation time and ICG test was
better than SI and HUI Therefore, it is considered that the parameters based on

the T1 relaxation time are more suitable for liver function evaluation than the
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SI-based parameters.

The above conclusion is mainly due to the fact that the SI of Gd-EOB-DTPA
enhanced MRI examination is not an absolute value, and is not completely linear
with the concentration of the contrast agent in the liver. In addition, due to the
influence of MRI technology factors, such as RF amplification, receiving coils,
and imaging sequence selection of different MRI systems, the MRI signal can be
changed at different points in time. In contrast, the T1 relaxation time is an ab-
solute value that is not affected by these factors and can provide more useful in-

formation (Figure 1).

6. Clinical Factors Affecting Gd-EOB-DTPA Enhanced MRI

More and more studies have shown that Gd-EOB-DTPA enhanced MRI can ef-
fectively evaluate liver function, but in clinical practice, it will also encounter
insufficient HBP imaging caused by liver dysfunction, resulting in deviation. In
this case, it is particularly important to predict the quality of HBP imaging be-
fore Gd-EOB-DTPA enhanced MRI scan.

Atsushi Higaki ef al [31] calculated the RE of HBP and correlated RE with
various clinical parameters, finding that RE was affected by clinical parameters.
They believed that the existence of chronic liver disease, ascites and splenome-
galy, prothrombin activity(PTA), total bilirubin (TBIL), Alb, AST and cholines-

terase (CHE) were significant related with RE, and it was more important to

Gd-EOB-DTPA enhanced MRI

Hepatocyte non-specific contrast agent

three-phase scan

o |Selection of FA and start

l g time for HBP
y

Hepatocyte-specific contrast agent
HBP scan

!

Image processing

l

Selection of liver function
evaluation parameters

e N

T2* biliary perfusion
relaxation enhancement Imaging

T1 relaxation

Figure 1. Regular Gd-EOB-DTPA enhanced MRI to evaluate liver function flow chart.
Gd-EOB-DTPA enhanced MRI examination can be divided into two parts: hepatocyte
non-specific contrast agent three-phase scan (arterial phase, portal vein phase and bal-
ance phase), hepatocyte-specific contrast agent hepatobiliary phase scan. After date col-
lection, there’re four types evaluation parameters.
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conclude that TBIL and AST were predictors of a decrease in HBP enhancement.
Emina Talakic ef al. [32] also reached a similar conclusion that in the hepatobi-
liary phase, all serum liver enzymes were significantly related with RE, in addi-
tion TBIL and CHE showed the strongest correlation. Masahiro Okada et al [25]
have found that when the activity of PT was greater than 86.9%, the Gd-EOB-DTPA
enhanced MRI time can be shortened. Similarly, Tobias Getzin et al [33] dis-
covered damaged liver parenchyma quantified with MRI correlates with histo-
logical liver damage, so hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI
enables non-invasive assessment of recovery from liver injury.

Therefore, M. Kobi et al [34] hypothesized: Could clinical parameters predict
insufficient hepatobiliary imaging? They collected various clinical parameters of
patients who underwent Gd-EOB-DTPA-enhanced MRI within three months,
including TBIL, direct bilirubin (DBIL), AST, ALT, ALP, Alb, partial thrombop-
lastin time (aPTT) and international normalized ratio (INR). Then, they in asso-
ciated them with the degree of hepatobiliary enhancement in patients, MELD,
TBIL, DBIL, Alb, aPTT, and INR can be used to predict poorly performing HBP
imaging with high specificity and accuracy, and DBIL is the single best predictor.
Also, Wang Chen et al. [35] pointed out that the increase of TBIL and aspartate
aminotransferase to platelet ratio index (APRI), the reduction of Alb may pre-

dict the lack of enhancement in the hepatobiliary phase.

7. Summary and Outlook

The feasibility of Gd-EOB-DTP enhanced MRI to evaluate liver function has
been proved by more and more scholars [33] [36] [37]. Compared to other clin-
ical methods, Gd-EOB-DTPA enhanced MRI can not only qualitatively and
quantitatively evaluate overall liver function, but also have the ability to evaluate
local segment liver function. T1 relaxation is the most widely used evaluation
parameter that is effected little by MRI technology factors. Before the examina-
tion, various clinical parameters can be used to predict poorly performing hepa-
tobiliary imaging with high specificity and accuracy to avoid invalid examina-
tion.

Studies have been performed into acute, repeated-dose, reproductive and de-
velopmental toxicity, and local tolerance, contact sensitizing, and genotoxic po-
tential. The results showed that Gd-EOB-DTPA was well tolerated with high
safety margins between the single diagnostic dose and the doses showing adverse
effects in animal studies [38]. The side effects of Gd-EOB-DTPA mainly include
nausea, skin vasodilation, headache, abnormal taste and pain at the injection
site, mostly mild to moderate, short duration, and can be relieved without
treatment. Studies have also shown that side effects occur independently of the
patient’s gender and age [39].

However, studies have found that in patients with liver function damage, if bi-
liary tract disease is combined, the signal of pleural effusion or peritoneal effu-

sion will rise after magnetic resonance imaging, thus affecting the diagnosis of
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bile leakage or biliary tract injury [40]. More importantly, the challenge is that
there’s no consensus on the evaluation indicators and data analysis of
Gd-EOB-DTPA enhanced MRI. What’s more, whether the Gd-EOB-DTPA en-
hanced MRI is equally accurate in accessing the different types of liver disease
including hepatocellular carcinoma, liver cirrhosis etc. is not sure, there’s almost
none research about it. We hope that Gd-EOB-DTPA can be widely used in
preoperative liver function evaluation as the research progresses further, pro-
viding more help to clinicians in preoperative assessment, surgical protocol de-

velopment, and prognosis prediction.
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