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Purpose. To use hepatic uptake index (HUI) of liver lobes on gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA)-enhanced magnetic resonance imaging (MRI) to discriminate between patients with hepatitis B-related
cirrhosis in compensated and decompensated statuses. Methods. Forty-four consecutive patients with hepatitis B-related cir-
rhosis who underwent Gd-EOB-DTPA-enhanced MRI were divided into compensated and decompensated statuses based on
clinical evaluation. Volume and signal intensity of individual lobes were retrospectively measured to calculate HUI of the right
liver lobe (RHUI), medial (MHUI) and lateral (LHUTI) left liver lobes, and caudate lobe (CHUI). Spearman’s rank correlation
analyses were performed to evaluate relationships of lobe-based HUI with Child-Pugh and model for end-stage liver disease
(MELD) scoring system scores in compensated and decompensated statuses. The Mann-Whitney U-test was used to compare the
lobe-based HUI between compensated and decompensated statuses. The performance of lobe-based HUI in distinguishing
cirrhosis was evaluated using receiver operating characteristic (ROC) analysis, and the area under the ROC curve (AUC) was
calculated as a measure of accuracy. Delong’s method was used for statistical analysis to elucidate which HUI is optimal. Results.
Compensated and decompensated liver cirrhosis were confirmed in 25 (56.82%) and 19 (43.18%) patients, respectively. According
to Spearman’s rank correlation analysis, RHUI, MHUI, LHUI, and CHUI were all significantly associated with Child-Pugh and
MELD scores (all P values <0.05). Receiver operating characteristic analysis demonstrated that among all lobe-based HUI
parameters, RHUI could best perform the previous discrimination with a cut-off of 485.73 and obtain an AUC of 0.867. The AUC
of RHUI improved and was significantly different from that of MHUI, LHUI, and CHUI (P = 0.03, P = 0.007, and P <0.001,
respectively, Delong’s test). Conclusions. The RHUI could help quantitatively discriminate hepatitis B-related cirrhosis between
compensated and decompensated statuses.
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1. Introduction

Cirrhosis caused by hepatitis B is commonly observed in
many Asian countries, leading to increased morbidity and
mortality rates [1]. Liver cirrhosis is the advanced stage of
liver fibrosis, and it causes chronic damage to major vital
organs, such as the spleen, brain, and digestive tract, and
results in bad outcomes [2]. Within clinical settings, cir-
rhosis is categorized into two states: compensated and
decompensated. This categorization is based on the presence
of symptoms such as gastroesophageal variceal bleeding or
ascites [3]. Different clinical treatments are required for
patients with compensated and decompensated liver cir-
rhosis, as their survival rates significantly differ [4]. Liver
function evaluation plays a crucial role in monitoring and
preoperative assessment of patients with liver cirrhosis,
especially to determine cirrhosis patients in compensated or
decompensated status [5]. In clinical practice, several
methods such as the biochemistry measurement of aspartate
transferase and alanine transferase, clinical grading systems
based on the Child-Pugh stages and the model for end-stage
liver disease scoring systems, and the dynamic quantitative
tests based on the indocyanine green (ICG) clearance test
have been used to evaluate the liver function [6]. However,
all these methods focus on evaluating overall liver function
and do not specifically assess individual lobe-based liver
function [7].

Gadolinium ethoxybenzyl diethylenetriamine penta-
acetic acid (Gd-EOB-DTPA) is a paramagnetic hepatobiliary
magnetic resonance contrast agent. Due to its OATP;B,/B;-
dependent hepatocyte-specific uptake system and para-
magnetic properties, increasing evidence has emerged to
suggest that Gd-EOB-DTPA-enhanced MRI could be po-
tentially used for evaluation of liver function [8]. Twenty
minutes after administration of Gd-EOB-DTPA, approxi-
mately 50% of the injected dose is transferred into the
hepatocytes and gets eventually excreted into the bile in
healthy human liver [9]. The clearance of Gd-EOB-DTPA is
reliant on the functional integrity of the hepatocytes, and
reduced liver uptake of Gd-EOB-DTPA during the hep-
atobiliary phase (HBP) magnetic resonance imaging typi-
cally indicates impaired liver function [10].

Lobe-based liver function assessment is crucial for
evaluating surgical risk, particularly for surgeons aiming to
predict remnant liver function following partial hepatec-
tomy [11, 12]. However, previous studies mostly focused on
signal intensity (SI) changes on Gd-EOB-DTPA-enhanced
MR images in cirrhotic patients and did not take the volume
change of liver lobes into consideration [13, 14]. To the best
of our knowledge, there are no reports that have utilized
both SI and volume changes in liver lobes to evaluate the
lobe-based function in patients with hepatitis B-related
cirrhosis between compensated and decompensated sta-
tuses. Therefore, we have combined the volume and signal
intensity on Gd-EOB-DTPA-enhanced MR images to cal-
culate the hepatic uptake index (HUI) of individual liver
lobes and use HUI to discriminate the function of liver lobes
between compensated and decompensated statuses in pa-
tients with hepatitis B-related cirrhosis.
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2. Materials and Methods

2.1. Patients. The study protocol underwent a thorough review
and received approval from the Institutional Review Board of
our hospital (NSMC-2021-81). The retrospective study adhered
to the institutional guidelines for consent waiver as individual
consent was not required. The study was performed entirely
according to the basic principles of the Declaration of Helsinki.

From January 2017 to December 2020, forty-nine patients
with confirmed hepatitis B-related cirrhosis who underwent
Gd-EOB-DTPA-enhanced MR imaging at our institution were
continuously collected in this study. Patients were enrolled in
this study according to the following inclusion criteria: (a)
diagnosis of hepatitis B-related cirrhosis based on characteristic
findings from radiological examinations, laboratory tests, and
physical findings, following the clinical practice guidelines
established by the American Association for the Study of Liver
Diseases (AASLD) involving chronic hepatitis B (2015) [15]; (b)
liver cirrhosis was diagnosed based on clinical manifestations,
imaging examinations, laboratory tests, and histopathological
examination. Determination of compensated and decom-
pensated cirrhotic statuses within one week after hospital
admission by using a wildly accepted classification system as
proposed by D’Amico: compensated status (absence of
esophageal varices and ascites, or presence of nonbleeding
esophageal varices without ascites, hepatic encephalopathy, and
hepatorenal syndrome), and decompensated status (presence
or current presence of a second decompensation event in-
cluding ascites, variceal bleeding, jaundice, or hepatic en-
cephalopathy). Patients with bleeding alone who developed
ascites, jaundice, or hepatic encephalopathy after bleeding
esophageal varices recovered [16], and (c) triple phase (in-
cluding arterial, venous, and delayed phases) and 20-min
hepatobiliary phase (HBP) Gd-EOB-DTPA-enhanced ab-
dominal magnetic resonance (MR) scans were performed on
the cirrhotic patients within one week after admission. Ex-
clusion criteria were as follows: (a) patients associated with
hepatic interspace occupation lesions such as hepatocellular
carcinoma (n = 2); (b) patients with liver cirrhosis who had ever
intra-abdominal surgery (n=2); (c) incomplete examination
and dissatisfactory quality of the MR images (n=1); or (d)
patients with esophageal variceal bleeding that were not caused
by esophageal varices but by other etiologies such as ulcerative
gastrointestinal bleeding (n = 0). Ultimately, our study included
a total of forty-four patients (29 men and 15 women; mean age,
54.20 + 11.06 years, and range, 24-69 years). Also, the cirrhotic
patients were divided into compensated status in 25 (56.82%)
and decompensated status in 19 (43.18%). Table 1 records the
clinical data of the patients, including their sex, age, presence or
absence of esophageal variceal bleeding, and ascites.

2.2. MR Imaging. All examinations were performed using
a 3.0 T MRI scanner (Discovery MR 750, GE Medical Sys-
tems, Milwaukee, WI, USA) with a 32-channel body phased-
array coil. The conventional unenhanced MRI scans in-
cluded the three-dimension liver acquisition with volume
acceleration flexible (3D-LAVA-FLEX) T,-weighted imag-
ing and the axial fast spoiled gradient echo T;-weighted
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imaging (SPGR T;WI). Enhanced axial triple-phase and
HBP scanning were performed using a breath hold axial
LAVA-FLEX sequence with Gd-EOB-DTPA (Primovist,
Bayer Schering Pharma AG, Berlin, Germany) as a hepato-
cellular MR contrast agent. For the contrast-enhanced scans,
the contrast agent was intravenously administrated via
a power injector at a rate of 1.0 ml/s with a total dose cal-
culated according to 0.025 mmol/kg body weight, followed
by a 20-25mL saline flush. The HBP images were obtained
20 minutes after the intravenous administration of Gd-EOB-
DTPA. The parameters of the axial triple-phase scanning
were as follows: repetition time (TR) of 4.2 ms, echo time
(TE) of 1.80 ms, number of excitations of 1.0, flip angle of
12°, field of view (FOV) of 352x400mm, matrix of
268 x 236, reconstruction matrix of 400x400, bandwidth of
200 Hz per pixel, thickness of 5.2 mm, and thickness spacing
of 0 mm. The parameters of the HBP scan were mostly the
same as those of triple-phase scans except number of ex-
citations of 2.0, flip angle of 15°, bandwidth of 166.67 Hz per
pixel, and thickness of 3 mm.

2.3. Imaging Analysis. The MR data were presented on
a picture archiving and communication system (PACS; GE
Advantage Workstation Version 4.4-09, Sun Microsystems,
Palo Alto, CA, USA) with an optimal window setting ad-
justment. As reported by Goldsmith and Woodburne [17],
the liver could be divided into four lobes through the hepatic
fissures and hepatic veins, including the right lobe, left
medial and lateral lobes, and caudate lobe. Two radiologists,
who were blind to the clinical data of the enrolled patients
with 3years (the first author) and 24years (the corre-
sponding author) of experience in diagnostic imaging, in-
dependently drew the outlines of the individual liver lobes to
calculate the sectional area of the liver lobe on portal-venous
phase images. The sectional areas of each liver lobe on each
section were added together to calculate the total sectional
area of each lobe. Ultimately, the total sectional area of the
individual liver lobe was multiplied by the slice thickness to
obtain the volume of each liver lobe.

To quantitatively measure the signal intensity (SI) of liver
lobes and spleen, regions of interest (ROIs) were drawn on the
20 min HBP images. The SI values of each liver lobe and spleen
were randomly measured in at least five consecutive sections
that were evenly distributed. Each ROI was either a circle or an
oval with defined area of 1-2 cm? (Figure 1). In order to ac-
curately measure the SI values of each liver lobes, we excluded
extra hepatic structures including the biliary system, the
gallbladder, portal veins, hepatic arteries and veins, and inferior
vena cava (Figure 2) when drawing the ROIs within individual
lobes. We also excluded the splenic artery and vein when
drawing the ROIs of the spleen to measure its SL

For calculating the uptake indexes of individual hepatic
lobes including the HUI of the right lobe (RHUI), the left
medial lobe (MHUI), the left lateral lobe (LHUI), and the
caudate lobe (CHUI), we combined the individual liver lobe
volume together with the average SI of the corresponding
liver lobe and spleen to calculate the individual liver lobe
HUI by using the [18] following formula:
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LV x (SI hepaticlobes 1 >’ (1)
SIspleen

where LV represented the volume of liver lobes, and
SThepaticlobes aNd Slgyieen Tepresented the SI values of the
corresponding liver lobes and spleen, respectively. The
results obtained by the two radiologists were used to test
the interobserver agreement of the individual liver
lobe HUI.

2.4. Statistical Analysis. All statistical analyses were per-
formed by using commercial software (SPSS version 26.0,
SPSS Inc., Chicago, IL). The level of statistical significance
was set at P <0.05.

In this study, the distribution types of RHUI, MHUI,
LHUI, and CHUI tested by the Shapiro-Wilk analysis were
conformed to the skew distribution and were expressed as
median (25th-75th percentile). Interclass correlation co-
efficient (ICC) was used to assess the agreement of individual
liver lobe HUI measurements between the two observers.
ICC values less than 0.5, between 0.5 and 0.75, between 0.75
and 0.90, and greater than 0.90 represented poor, moderate,
good, and excellent repeatability, respectively [19]. The
correlation of individual liver lobe HUI with the Child-Pugh
and MELD scores of liver cirrhosis was tested by Spearman’s
rank correlation analysis. Differences in median values of the
RHUI, MHUI, and LHUI were tested by using the Man-
n-Whitney U-test. The receiver operating characteristic
(ROC) analysis was used to explore sensitivity and specificity
of identifying cirrhosis between compensated and decom-
pensated statuses with RHUI, MHUI, LHUI, and CHUL
Delong’s method was used for statistical comparison to
elucidate which HUI parameter is optimal [20].

3. Results

3.1. Interobserver Agreement of HUI Measurements. The
individual liver lobe HUI measurements were proven to be of
excellent repeatability between the two radiologists, with ICC
values of 0.96 (95% confidence interval (95%CI), 0.94-0.99) for
RHUIL 091 (95%CI, 0.89-0.97) for MHUI, 0.93 (95%CI,
0.91-0.97) for LHUI, and 0.89 (95%CI, 0.86-0.92) for CHUI
with all P values less than 0.001, respectively.

3.2. Individual Liver Lobe HUI: Compensated vs. Decom-
pensated Statuses. As shown by the Mann-Whitney U-test,
the RHUI, MHUI, LHUI, and CHUI were significantly
higher in patients with compensated cirrhosis than with
decompensated cirrhosis (Figure 3). The RHUI, MHUI,
LHUI, and CHUI were negative correlations with com-
pensated statuses as shown in Figure 3. The correlation
between RHUI, MHUI, LHUI, and CHUI with Child-Pugh
and MELD scores are shown in Table 2.

3.3. Discrimination between Compensated and Decom-
pensated Cirrhosis by ROC Analysis. Based on the results of
the Mann-Whitney U-test, ROC analysis of the RHUI,
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(a)

FIGURE 1: Two patients with hepatitis B-related cirrhosis in compensated (a) and decompensated (b) statuses have undergone gadolinium
ethoxybenzyl diethylenetriamine pentaacetic acid-enhanced axial T;-weighted magnetic resonance imaging. Circles with areas of 1-2 cm” on
the 20 minutes hepatobiliary-phase magnetic resonance images are regions of interest used for the measurements of signal intensity of the
right liver lobe, left medial liver lobe, left lateral liver lobe, caudate lobe, and spleen.

F1GURE 2: For the division of liver lobes on the axial-enhanced portal-venous phase magnetic resonance images, the middle liver vein (red
line, (a)) is used as a landmark to differentiate the right liver lobe (RL) from the left liver lobe. The left liver vein (purple line) is used as
a landmark to differentiate the left medial liver lobe (LML, (b)) from the left lateral liver lobe (LLL, (c)). The line linking the right branch of
the portal vein to the inferior vena cava (white line) is used as a landmark to differentiate caudate lobe (CL) from RL (d).

MHUI, LHUI, and CHUI (Table 3) were further performed
to test the independent parameter to test the distinction
sensitivity and specificity between compensated and
decompensated statuses. The ROC analysis revealed that the
optimal cut-off value of RHUI of 485.73 could obtain the
highest area under the ROC curve (AUC) of 0.867 with
a sensitivity of 68%, and a specificity of 94.7% to distinguish
between patients with compensated and decompensated
hepatitis B-related cirrhosis (Figure 4). The AUC of RHUI
improved and was significantly different from that of MHUI,

LHUI, and CHUI (P = 0.03, P = 0.007, and P <0.001, re-
spectively, Delong’s test).

4. Discussion

It is widely recognized that the function of liver lobes will
decrease as cirrhosis develops, especially in decompensated
cirrhotic patients [21]. HUI was first used to access the entire
liver function reported by Yamada et al. [18]. However, to
date, no studies have investigated the possibility of liver lobe-
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FIGURE 3: Mann-Whitney U-tests of hepatic uptake indexes of the right liver lobe (RHUI), left medial liver lobe (MHUI), left lateral liver
lobe (LHUTI), and caudate lobe (CHUT) with liver cirrhosis between compensated and decompensated statuses are shown in images (a), (b),

(c), and (d), respectively.

TaBLE 2: Correlations of individual liver lobe-based hepatic uptake index with Child-Pugh and MELD in hepatitis B-related cirrhosis.

RHUI p MHUI p LHUI p CHUI P
Child-Pugh -0.734 <0.001 -0.631 <0.01 -0.571 0.012 —-0.446 0.037
MELD —-0.652 0.025 —-0.544 0.036 —-0.539 0.039 -0.318 0.041

Notes: RHUI, hepatic uptake index of right liver lobe; MHUI, hepatic uptake index of left medial liver lobe; LHUI, hepatic uptake index of left lateral liver lobe;
CHUI, hepatic uptake index of caudate lobe; MELD, model for end-stage liver disease.

TaBLE 3: Receiver operating characteristic analysis of lobe-based hepatic uptake index to discriminate between compensated and

decompensated statuses in hepatitis B-related cirrhosis.

Parameter Cut-off value AUC . Sensitivity Specificity
of AUC

RHUI 485.73 0.867 0.761-0.973 0.68 0.947

MHUI 52.93 0.817 0.688-0.945 0.84 0.684

LHUI 39 0.775 0.629-0.92 0.92 0.579

CHUI 15.25 0.703 0.544-0.863 0.72 0.632

Notes: RHUI, hepatic uptake index of right liver lobe; MHUI, hepatic uptake index of left medial liver lobe; LHUI, hepatic uptake index of left lateral liver lobe;

CHUI, hepatic uptake index of caudate lobe; CI, confidence interval.

based HUI to discriminate between compensated and
decompensated liver cirrhosis. In this study, we innovatively
explored the HUI of liver lobes measured on Gd-EOB-
DTPA-enhanced HBP MR images to discriminate hepatitis
B-related cirrhotic patients between compensated and
decompensated statuses.

In our study, the liver lobe-based HUT has taken both the
changes of signal intensity on Gd-EOB-DTPA-enhanced
HBP MR images and the volume of individual liver lobes
on portal-venous phase images into consideration. Previous
studies showed that the severity of cirrhosis could signifi-
cantly affect the ratio of the hepatocyte absorption of Gd-
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FIGURE 4: Receiver operating characteristics (ROC) curves of the hepatic uptake indexes of the right liver lobe (RHUI, a), left medial liver
lobe (MHUI, b), left lateral liver lobe (LHUT, ¢), and caudate lobe (CHUI, d) are used to discriminate the hepatitis B-related cirrhotic patients

between the compensated and decompensated statuses.

EOB-DTPA after administration, and cirrhotic patients
would present a significant decrease of signal intensity in
liver parenchyma on Gd-EOB-DTPA-enhanced HBP MR
images [22, 23]. In addition, the morphology of liver lobes
undergoes alterations as cirrhosis progresses [24, 25]. His-
tologically, the collapse of liver structures, pronounced
distortion of hepatic vascular architecture, and diffuse
nodular regeneration surrounded by dense fibrotic septa
could not only lead to the signal intensity decrease on Gd-
EOB-DTPA-enhanced HBP MR images but also lead to the
volume reduction of hepatic lobes [26, 27]. Consequently,
we utilized this composite biomarker, the HUI, to investigate
whether this parameter of individual liver lobes could aid in
distinguishing between compensated and decompensated
statuses in hepatitis B-related cirrhosis. Our study revealed
that the RHUI, MHUI, LHUI, and CHUI are higher in
patients with compensated cirrhosis than with decom-
pensated cirrhosis, and the RHUI showed the best corre-
lation with compensated and decompensated statuses. This
finding can be explained by three mechanisms. First, pre-
vious studies showed that the liver volume would decrease
with the progression of liver cirrhosis due to the reduction in
the number of normal hepatocytes and the blood flow from
the portal venous [28, 29]. Furthermore, research studies
have demonstrated that hypoproteinemia and portal hy-
pertension could cause bowel wall thickening and liver-to-
abdominal area ratio score decreasing [30, 31]. These re-
search studies’” results could also indirectly explain the de-
cline of lobe-based HUI in decompensated liver cirrhosis

patients. Second, the reduction of normal hepatocytes could
also lead to a decreased absorptivity of Gd-EOB-DTPA,
which can be manifested as the decreased signal intensity on
HBP MR images, indicating that the previous signal in-
tensity of the liver could decrease from compensated status
to decompensated status. Third, liver cirrhosis causes a de-
crease in the extracellular fluid space of the spleen, which can
be observed as a decrease in spleen enhancement, although
the decrease may not be as significant as that in the liver, as
demonstrated in an animal study [32]. All these factors could
result in a decrease of HUI on Gd-EOB-DTPA-enhanced
MR images when liver cirrhosis develops from the com-
pensated status to decompensated status. For the right liver
lobe, the reduction of normal hepatocytes and blood flow
can be more significant than that for any other liver lobes,
which can lead to a more significant decrease of RHUI in the
decompensated status than in the compensated status
[33, 34].

Our study aimed to investigate the potential of lobe-
based HUI, which combines the signal intensity and volume
of liver lobes, to differentiate between hepatitis B-related
cirrhotic patients in the compensated and decompensated
statuses. Our findings indicated that the RHUI could serve as
an independent discriminator. The ROC analysis revealed
that the RHUI has good discriminating performance to
discriminate hepatitis B-related cirrhotic patients between
compensated and decompensated statuses (AUC: 0.867,
P <0.05 Delong’s test). Furthermore, our study demonstrated
that the individual liver lobe-based HUI measurements could



be of excellent repeatability, implying that the evaluation index
we selected can be reliable for subsequent studies.

However, our study does have a limitation. The sample
size was relatively small, but our study provided some useful
information of the liver lobe-based HUI for hepatitis B-
related cirrhotic patients. A large-scale study will be per-
formed in our future study to confirm the results.

5. Conclusion

Our study creatively takes both the parenchyma signal in-
tensity and the volume of individual liver lobes into con-
sideration to explore the most suitable biomarker to
discriminate between the compensated and decompensated
statuses in hepatitis B-related cirrhotic patients. This study
revealed that the RHUI could be a reliable parameter to
perform the previous discrimination with an AUC of more
than 0.85. We believe that our findings have the potential to
assist in the quantitative determination of the compensated
status in cirrhotic patients, enabling the selection of ap-
propriate treatment strategies to delay the progression of
liver cirrhosis and improve patient survival.
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