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Abstract

Purpose To evaluate the feasibility of utilizing gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid (Gd-EOB-
DTPA)-enhanced magnetic resonance imaging (MRI) for the assessment of Child—Pugh class and for differentiating between
patients with primary biliary cholangitis (PBC) and posthepatitic cirrhosis.

Materials and methods 45 PBC patients and 45 posthepatitic cirrhosis patients were enrolled and Gd-EOB-DTPA-enhanced
MRI was applied. The average relative signal enhancement (RE) of the liver and average contrast to noise ratio (CNR) of
common bile duct at 4, 20, and 50 min between different Child—Pugh classes of PBC patients were compared. The RE and
CNR in all timepoints in patients with the same Child—Pugh class were compared between PBC patients and posthepatitic
cirrhosis patients.

Results The RE of liver and CNR of common bile duct at 4, 20, and 50 min was significantly different between all Child—
Pugh classes of PBC patients There were also no significant differences in the RE of liver and CNR of common bile duct in
all timepoints between patients with PBC and posthepatitic cirrhosis in the same Child—Pugh class.

Conclusion Gd-EOB-DTPA-enhanced MRI is feasible for liver function assessment in PBC patients. However, the ability
of this modality in differentiating liver cirrhosis of different etiologies requires further investigation.
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Introduction

Primary biliary cholangitis (PBC) is an autoimmune disease
of unknown etiology. PBC is characterized by high serum
levels of anti-mitochondrial antibodies (AMA) and progres-
sive non-suppurative inflammation of small- and medium-
sized intrahepatic bile ducts, which could lead to cholestasis,
peripylephlebitis, liver fibrosis, cirrhosis, and liver failure
[1-4]. The natural history of PBC has gradually evolved
over the past few decades, and has shown a tendency for
delayed histological progression and improved overall sur-
vival rate with the use of ursodeoxycholic acid [4]. However,
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a considerable proportion of PBC patients show unsatisfac-
tory treatment response to ursodeoxycholic acid. Due to the
inevitable disease progression and subsequent complica-
tions, such patients require a more aggressive intervention
[4]. Liver transplantation is the only effective treatment
for end-stage PBC. Preoperative liver function assessment
is essential to the success of the operation with a prefer-
ence of noninvasive assessment. The most common clinical
method way to assess liver function is Child—Pugh classifica-
tion which includes hepatic encephalopathy, ascites, serum
bilirubin, serum albumin, and prothrombin times. Neverthe-
less, it can only evaluate the overall liver function. On the
other hand, preoperative structural imaging examinations
are indispensable in revealing the other abnormalities out of
liver in patients with liver disease. However, the feasibility
of non-invasively assessing the liver function besides serum
indexes remains to be elucidated. The later period of PBC
is hepatocirrhosis with different pathological mechanisms
from common cirrhosis. However, the possibility of differen-
tiating PBC from common cirrhosis non-invasively remains
largely unknown.
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Magnetic resonance imaging (MRI) is often applied for
liver anatomical assessment [5—10], which provides high
resolution with noninvasive and non-ionizing nature. Yet,
conventional anatomical MRI only provides morphological
details rather than functional information. With the recent
introduction of liver-specific contrast agents, assessment
of liver function by enhanced MRI is now possible. Gado-
linium ethoxybenzyl diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA) is a liver-specific contrast agent, of which
about 50% is taken up by hepatocytes and excreted into bile
after intravenous administration. Thus, Gd-EOB-DTPA-
enhanced MRI can be used to evaluate the structural and
functional integrity of liver parenchyma and bile ducts. In
addition, Gd-EOB-DTPA-enhanced MRI can reflect regional
liver function, while conventional serum indexes can only
evaluate the overall liver function [7, 11-13]. Previous stud-
ies have investigated the use of relative enhancement (RE)
[14] and signal-to-noise ratio (SNR) [15] as parameters for
assessment of liver function on Gd-EOB-DTPA-enhanced
MRI, and some studies have proved Gadoxetic-acid contrast
enhancement of cystic duct and common bile duct could be
used as biomarkers to assess liver function [16]. Despite
these MRI advancements, only one study has investigated
the application of Gd-EOB-DTPA for assessment of liver
function in patients with PBC [17]. More importantly, recent
research on PBC has largely focused on the pathological
staging and imaging characteristics [18], while none of these
studies have assessed the use of contrast to noise ratio (CNR)
as a measurement of liver function in patients with PBC.
Furthermore, the feasibility of Gd-EOB-DTPA-enhanced
MRI to differentiate patients with PBC and posthepatitic cir-
rhosis in the same Child—Pugh class remained unexplored.
The aim of this study was to evaluate the liver function in
patients PBC with different Child—Pugh classes using Gd-
EOB-DTPA-enhanced MRI. In addition, we investigated the
difference between PBC and posthepatitic cirrhosis using
Gd-EOB-DTPA-enhanced MRI to explore the differences
in pathological mechanisms.

Materials and methods
Patients

PBC patients and posthepatitic cirrhosis patients were
divided into subgroups, according to Child—Pugh classifi-
cations [19, 20]. 45 PBC patients in Beijing Friendship Hos-
pital from 2016 to Apr 2018 were prospectively enrolled in
this study as experimental group (group A) and 45 posthepa-
titic cirrhosis patients (superinfection of hepatitis A and hep-
atitis B 16 cases, Viral hepatitis B 18 cases, Viral hepatitis
C 9 cases, and Viral hepatitis D 2 cases) during this period
were randomly selected as control group (group B). Among

the PBC patients, 25, 11, and 9 were in Child Pugh A, Child
Pugh B, and Child Pugh C, respectively. Among the posth-
epatitic cirrhosis patients, 21, 15, and 9 were in Child Pugh
A, Child Pugh B, and Child Pugh C, respectively. The inclu-
sion criteria for PBC patients were: (1) serum AMA titer
> 1:40; (2) unexplained increase in alkaline phosphatase
> 1.5 times the upper limit of normal for > 24 weeks; and
(3) compatible liver histological findings, such as non-sup-
purative cholangitis and interlobular bile duct injury [2, 21].
The exclusion criteria for PBC patients were: (1) patients
with multiple focal lesions or patients with sum of longest
diameter > 5 c¢m (in cases of a few lesions); (2) thrombi or
cancer emboli within portal vein and its major branches; (3)
history of biliary tract surgery; and (4) patients with obstruc-
tive jaundice, severe hepatorenal dysfunction, severe ascites,
and allergic predisposition [22-24]. For posthepatitic cir-
rhosis, the inclusion criteria were: (1) the course of acute
hepatitis is more than half a year, or the original hepatitis B,
C, D patients, or HBsAg carriers, and hepatitis symptoms,
signs, and liver function abnormalities occur again due to
the same pathogen or superinfection with another pathogen
this time. (2) Diffuse hepatic fibrosis and nodule formation
were the pathological manifestations of liver tissue [25]. The
exclusion criteria for posthepatitic cirrhosis patients were:
(1) autoimmune hepatitis; (2) comorbid conditions such as
liver cancer or other severe liver or gallbladder diseases;
and (3) severe comorbidity of heart, brain, kidney, or lung
dysfunction [26, 27]. All liver function tests including serum
albumin, total bilirubin and prothrombin time, assessment of
ascites, and hepatic encephalopathy were conducted within
1 week of MRI evaluation for the purpose of Child—Pugh
score assessment. The Committee of Medical Ethics of Bei-
jing Friendship Hospital approved this study. Informed con-
sent was obtained from all individual participants included
in the study.

MR protocols

MRI data were collected using Signa Excite 3.0 T scanner
(GE Healthcare, Little Chalfont, Buckinghamshire, UK)
with an eight-channel torso array coil [28]. All subjects
were made to fast for at least four hours immediately prior to
the MRI examination. Gd-EOB-DTPA (Primovist®; Bayer
Schering Pharma, Berlin, Germany, 0.025 mmol/kg) was
injected intravenously at a rate of 1.0 mL/s and flushed by a
bolus of saline (NaCl 0.9%) at the same rate. Array spatial
sensitivity encoding technique (ASSET) sensitivity calibra-
tion was first performed, followed by breath-hold 3D fast
spoiled gradient echo sequence (FSPGR) with liver acqui-
sition with volume acceleration (LAVA) technique before
contrast agent injection, and at 4, 20, and 50 min postin-
jection. The parameter of the FSPGR was repetition time
(TR) = 2.8 ms, echo delay time (TE) = 1.2 ms, flip angle
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= 12°, number of excitations = 0.8, slice thickness = 2 mm,
spacing = — 1 mm, field of view (FOV) =42 x 38 cm?, and
matrix size = 288 x 180 pixels.

Quantitative image analysis

Regions of interest (ROIs) with a size of 1 cm? were placed
in the parenchyma of four liver segments at the level of the
porta hepatis, which are left medial, left lateral, right ante-
rior, and right posterior segments. Note that blood vessels,
bile ducts, and small lesions were avoided. The relative
enhancement (RE) between non-enhanced phase and 4, 20,
and 50 min post-Gd-EOB-DTPA injection were calculated
as per previously published standards [14]:

RE% = [(SI-post—SI-pre)/SI-pre] x 100%, (1)

where SI-pre and SI-post denote average signal intensity
(SI) of four liver segments before and after contrast agent
injection, respectively.

The SI in the center of common bile duct, the SI in the
center of ipsilateral psoas major, and the standard deviation
of the ipsilateral background noise were extracted from axial
images. Contrast-to-noise ratio (CNR) of common bile duct
50 min after Gd-EOB-DTPA injection were calculated:

CNR = (Slggp — Slpsoas major)/SD, ;.- )

Qualitative image analysis

Two attending radiologists with more than 5 years of expe-
rience in diagnosing abdominal MRI graded the visualiza-
tion of the MRI images with a 4-point scale: grade 4 for
a well-enhancement liver parenchyma and bile duct lumen
completely filled by intraluminal contrast with clearly out-
lined margins and excellent image quality, 3 for a moderately
enhancement liver parenchyma and bile duct lumen with
slightly obscured margin, good image quality, no artifacts,
the influence of the noise and contrast agent concentration
on images does not affect the evaluation of hepatic paren-
chyma and bile duct, 2 for a minimal liver parenchyma
and bile duct lumen enhancement with ambiguous margin,
artifacts, noise and contrast agent concentration have great
influence on the images, but can meet the diagnostic require-
ments, and 1 for the poor image quality which cannot meet
the diagnostic requirements. The doctors were blinded to
the data on liver function classification and the type of liver
cirrhosis.

Statistical analyses
Statistical analyses were carried out using SPSS version
22.0 (SPSS Inc., Chicago, USA). Continuous variables are

presented as mean =+ standard deviation (SD). Kappa test
was employed to compare the visualization grade of the
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Table 1 Clinical characteristics of study subjects and average liver
signal intensity (mean + SD) on non-enhanced MRI in patients with
different Child—Pugh classes

Characteristics PBC (n=45) Posthepatitic P value
cirrhosis
(n=45)
Age (years, mean + SD) 53.7+6.5 56.3+7.0 0.072
Gender (N) 0.091
Male 20 28
Female 25 17
Child—Pugh class 0.618
A 25 21
B 11 15
C 9 9

Average liver signal Intensity (mean +SD) on non-enhanced MRI
Child-Pugh A 368.51+£78.10 397.23+72.84 0.403
Child-Pugh B 360.79+71.10 403.89+12.14 0.442
Child-Pugh C 407.67+10.30 391.80+10.56 0.401

SD standard deviation

Table 2 Visualization grade of

‘ X Grade B Total

the two radiologists (A and B) [
in evaluating the MRI images 123 4

A 1 000 0 O

2 10 0 2

3 013 0 32

4 00 55 56

Total 1 1 33 55 90

Kappa=0.909, P <0.001

two radiologists in evaluating the MRI images. Multivari-
ate Analysis of Variance (MANOVA) with least significant
difference (LSD) test was employed for comparison of RE
and CNR at different timepoints (4, 20, and 50 min after
contrast agent injection) among all Child—Pugh classes in
PBC patients, and RE and CNR between patients in the
same Child—Pugh class in PBC patients and posthepatitic
cirrhosis patients. P <0.05 was considered to have signifi-
cant difference.

Results

There was no significant difference between the two groups
with respect to age, sex, or SI on non-enhanced MRI
(Table 1). The consistency of the two radiologists’ visu-
alization grade in evaluating the MRI images is very good
(Kappa = 0.909, P <0.001) (Table 2).

After Gd-EOB-DTPA injection, RE of liver and CNR
of common bile duct at 4, 20, and 50 min was significantly
different between all Child—Pugh classes in PBC patients
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(Tables 3, 4). RE of liver and CNR of common bile duct
at all timepoints tended to decrease with an increase in
Child—Pugh class (Figs. 1, 2), with a significant difference
of RE in liver (P <0.001) and CNR in common bile duct
(P <0.001) in PBC patients with different Child—Pugh
classes. Note that there was no significant difference in RE
at 20 and 50 min within a particular Child—Pugh class in

After Gd-EOB-DTPA injection, there was no signifi-
cant difference in RE of liver (Pt = 0.068, Table 5)
and CNR of common bile duct (P&°"? = 0.905, Table 6)
at all timepoints after Gd-EOB-DTPA injection between
patients with PBC and posthepatitic cirrhosis.

PBC patients (P =0.102) (Table 3).

Table3 RE of liver (mean + Time Child-Pugh A Child-PughB Child—PughC P PAVWB  pAWC  pBWC
SD) at 4, 20, and 50 min after
Gd-EOB-DTPA injection in 4min(a) 0.632+0.048 0.362+0.036 0.199+0.610 <0.001 <0.001 <0.001 <0.001
PBC patients 20 min (b) 0.840+£0.065 0475+0.018 0329+0.046 <0.001 <0.001 <0001 <0.001
50 min (c) 0.861+0.065 0492+0.023 0344+0.041 <0.001 <0001 <0001 <0.001
P <0.001 <0.001 <0.001
pavst <0.001 <0.001 <0.001
prvse <0.001 <0.001 <0.001
pbyse 0.216 0.145 0.529

Total PCPId-Pugh « 0,001, Pi™ < 0.001, P***°<0.001, P* *¢<0.001, P®¥*°=0.102, PA B <0.001, PA ¥
€<0.001, P2 *€<0.001

Table4 CNR of common bile Time Child-Pugh A Child-Pugh B Child-PughC P pAWBE  pAwC  pBwC
duct (mean + SD) at 4, 20, and
50 min after Gd-EOB-DTPA 4min(a)  10.722+£0.420 8.624+0204 2497+0283 <0.001 <0.001 <0.001 <0.001
injection in PBC patients 20 min(b) 15.830+0.445 10.543+£0.266 3.635+0210 <0001 <0001 <0001 <0.001
50 min(c) 18.312+0.626 12.594+0.592 5.145+0.289 <0.001 <0.001 <0.001 < 0.001
P <0.001 <0.001 <0.001
pavst < 0.001 < 0.001 < 0.001
prvse <0.001 <0.001 <0.001
pbvse < 0.001 < 0.001 <0.001

Total PChld-Pugh 0001, Pime<0.001, P* ** ®<0.001, P* ** €<0.001, P® ¥ ©<0.001, P2 *B<0.001, PA ¥

€<0.001, PP €<0.001

Fig. 1 Enhance performance of liver at 20 min after contrast agent

injection was significantly different in PBC patients with different

Child-Pugh classes and average SI of liver decrease with increase
in Child-Pugh class a Child-Pugh class A, 45-year-old female;

b Child—Pugh class B, 52-year-old male; ¢ Child—Pugh class C,
56-year-old male. Regions of interest are indicated by circles to meas-
ure the ST of liver
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Fig.2 50 min after contrast agent injection, the enhance performance
of common bile duct decreased with increase of Child—Pugh class
in PBC patient. a Child—Pugh class A, 45-year-old female; b Child—
Pugh class B, 52-year-old male; ¢ Child—Pugh class C, 56-year-old

male. Regions of interest are common bile duct. The coronal images
can show the enhance performance of common bile duct in longer
range

Table 5 RE (mean + SD)

. Time Group A Group B
between patients at 4, 20, and
50 min after Gd-EOB-DTPA Child—Pugh A Child—Pugh B Child—Pugh C Child-Pugh A Child—Pugh B Child—Pugh C
injection in group A and B
4min(a) 0.632+0.048 0.362+0.036 0.199+0.610 0.663+0.040 0.356+0.027 0.233+0.002
20 min (b) 0.840+£0.065 0.475+0.018 0.329+0.046 0.865+0.049 0.472+0.010 0.319+0.008
50 min (¢) 0.861+0.065 0.492+0.023 0.344+0.041 0.878+0.050 0.480+0.023 0.326+0.011

PP = (.068

Table 6 CNR (mean +SD) between patients at 4, 20, and 50 min after Gd-EOB-DTPA injection in groups A and B

Time Group A Group B

Child—Pugh A Child—Pugh B Child—Pugh C Child—Pugh A Child—Pugh B Child—Pugh C
4 min (a) 10.722+0.420 8.624+0.204 2.497+0.283 10.666 +0.135 8.598+0.327 2.501+0.218
20 min (b) 15.830+0.445 10.543+0.266 3.635+0.210 15.712+0.262 10.615+0.354 3.433+0.301
50 min (c) 18.312+0.626 12.594+0.592 5.145+0.289 18.489+0.573 12.818+0.663 5.183+0.605

PEP=0.905

Discussion

Recent advances in laboratory techniques have improved
the diagnosis and treatment of PBC [29]. However, imag-
ing modalities for liver function assessment in these
patients remain largely unexplored. The introduction of
hepatobiliary-system-specific magnetic resonance contrast
agents Gd-EOB-DTPA has allowed the use of enhanced
MRI for evaluation of hepatic function in clinical settings.
However, the application of enhanced MRI for liver func-
tional assessment in patients with PBC is not well-charac-
terized in the previous study [17]. In this study, we sought
to investigate the feasibility of assessing PBC patients with
different liver functions, and explored the potential dif-
ference between PBC patients and posthepatitic cirrhosis
patients using Gd-EOB-DTPA contrast enhanced MRI.

@ Springer

Among patients with PBC, we observed a decrease in
both RE and CNR with increase in Child—Pugh class. RE
of liver and CNR of common bile duct did not show signifi-
cant differences in patients with liver cirrhosis of different
etiologies who are in the same Child-Pugh class. The above
findings indicate that Gd-EOB-DTPA-enhanced MRI can be
used to assess liver functions, yet the performance of Gd-
EOB-DTPA-enhanced MRI may not be able to distinguish
liver cirrhosis of different etiologies.

Gd-EOB-DTPA is a paramagnetic contrast agent, which
reduces spin—lattice relaxation time. It is derived from
Gd-DTPA, and has an additional lipophilic group (EOB)
linked to the DTPA backbone. This allows it to be read-
ily taken up by hepatocytes [30-32]. Following an intrave-
nous injection, around half of Gd-EOB-DTPA is transferred
into functional hepatocytes by organic anion-transporting
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polypeptide OATP1B1/OATP1B3 and subsequently excreted
in to the bile by multidrug resistance-associated protein 2.
The remaining half of Gd-EOB-DTPA is excreted through
the renal system [33]. In the previous studies, the uptake
process starts 1.5 min after contrast agent injection, while
peak liver parenchymal enhancement is observed at about
20 min [34]. Note that peak common bile duct enhancement
is observed at 40-50 min postcontrast agent injection [35].
For optimal evaluation of the liver function, two timepoints
(20 and 50 min) were chosen for the main hepatobiliary
phases of this study.

Recent studies have evaluated multiple parameters for
liver function assessment, but most of these studies mainly
focused on changes in SI postcontrast agent injection [14,
36—40]. However, SI may not be an entirely objective meas-
urement as, it can be affected by various factors, including
the inhomogeneity of the magnetic field (B,), radiofrequency
pulse (B,), repetition time (TR), and echo time (TE). We
investigated RE according to the methodology used in previ-
ously published studies [14, 15], in which the protocols were
RE and CNR of common bile duct at 4, 20, and 50 min after
contrast agent injection. Relative enhancement is a ratio of
SI enhancement, while CNR represents the ratio of the dif-
ference of SI between common bile duct and psoas major
and SD of adjacent background noise. Therefore, both these
parameters tend to improve reliability by minimizing the
influences of different models and inaccurate SI. Since MRI
signals may vary in different hepatic segments due to chronic
pathological changes in PBC, we employed an average SI
of four liver segments at the level of porta hepatis in this
study, so that the data are more representative of the overall
liver function.

Our results indicate that RE and CNR changes were
consistent with Child—Pugh class in patients with PBC. RE
and CNR of common bile duct at all timepoints tended to
decrease with increase in Child—Pugh class. This finding
is consistent with the previous study [17, 39], indicating
that Gd-EOB-DTPA-enhanced MRI can be feasible for
liver function assessment. Child—Pugh score essentially
reflects the degree of liver dysfunction [41], which could be
a result of OATP1B3 downregulation [42]. Down-regulated
OATPI1B3 also impairs Gd-EOB-DTPA uptake and excre-
tion, thereby decreasing Gd-EOB-DTPA concentration. This
is reflected in the typical findings of reduced RE and CNR in
patients with PBC. Nonetheless, RE at 20 and 50 min after
contrast agent injection were not significantly different in
PBC patients within every Child—Pugh class. This indicates
that hepatocytes could be saturated with Gd-EOB-DTPA,
and therefore, a delay of 20 min is adequate for liver function
assessment. This finding is consistent with the prior study
[39]. In this study, there was significant difference in CNR
of common bile duct at 4, 20 and 5,0 min within a particular
Child-Pugh class in PBC patients, and the CNR tended to

increase with an increase time and peak common bile duct
enhancement is observed at 50 min. This finding is also con-
sistent with the prior study [35]. Furthermore, we observed
that RE and CNR of common bile duct at all timepoints after
contrast agent injection were similar between patients with
PBC and posthepatitic cirrhosis in the same Child—Pugh
class. This illustrates that RE of liver and CNR of common
bile duct are mainly related to liver function rather than to
cholestasis and excretion dysfunction of intrahepatic small
bile ducts.

It is pertinent to mention some limitations of Gd-
EOB-DTPA-enhanced MRI and this study. Gd-EOB-DTPA-
enhanced MRI can be affected by individual genetic poly-
morphism. A previous study showed that single nucleotide
polymorphisms of OATPB1 and OATPB3 could impair the
liver uptake ability and lower the degree of liver enhance-
ment. Therefore, genetic polymorphism may also poten-
tially account for the variability of SI in the hepatobiliary
phases. This factor potentially compromises the accuracy
of liver function assessment and may also explain the inter-
individual differences. To minimize this effect, we employed
average of SI in four liver segments. In this study, the small
sample size of patients with PBC and in subgroups based on
the Child-Pugh class is another disadvantage which limits
the statistical power of the analysis. Further studies with a
larger sample of patients in each particular Child—Pugh class
are required to solidify our findings.

In conclusion, Gd-EOB-DTPA-enhanced MRI, a non-
invasive modality, is feasible for liver function assessment
in patients with PBC. This can be a valuable supplement
to clinical evaluation besides using Child—Pugh class with
an advantage of regional liver function evaluation. How-
ever, the ability and accuracy of this modality in differen-
tiating liver cirrhosis of different etiologies require further
investigation.
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