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Background: Early detection of liver cirrhosis is of great significance to the formulation of treatment
plans and improving prognosis. Computed tomography (CT) is commonly used in the assessment of patients
with chronic liver disease. In this study, we proposed a new distance ratio method for accurate diagnosis of
cirrhosis using CT images.

Methods: This was a retrospective study of a consecutive series of patients in Guangdong Provincial
People’s Hospital. Sixty-two patients with pathologically diagnosed cirrhosis but whose morphologic changes
were insufficient to diagnose cirrhosis were included in the cirrhosis group. Those who were pathologically
confirmed to be free of cirrhosis and fibrosis and without a history of chronic hepatic were classified as the
control group. A total of 124 patients underwent abdominal dynamic enhanced CT. Both the L-distance
ratio—the ratio of the distance from the right portal vein bifurcation point to the anterior and posterior
edges of the liver—and the caudate-right lobe ratio were measured by two independent radiologists.
Intraclass correlation coefficients (ICCs) were used to assess the agreement between the radiologists. Binary
logistic regression was performed for univariate analysis, and the odds ratio (OR) was also calculated.
The discrimination ability of the two methods was evaluated by the area under the receiver operating
characteristic curve (AUC).

Results: For both the L-distance ratio and the caudate-right lobe ratio, high agreement was observed
between the two radiologists, although the ICC value of the L-distance ratio was slightly higher than that
of the caudate-right lobe ratio (0.916 vs. 0.907). Binary logistic regression suggested that higher ratios were
correlated with cirrhosis [the L-distance ratio, high vs. low OR =4.41, 95% confidence interval (CI): 2.08-
9.36, P<0.001; the caudate-right lobe ratio, high vs. low OR =2.19, 95% CI: 1.07-4.49, P=0.031]. The AUCs
of the L-distance ratio and the caudate-right lobe ratio were 0.823 (95% CI: 0.752-0.894) and 0.663 (95%
CI: 0.569-0.757), respectively.

Conclusions: The L-distance ratio method proposed in this paper is more simple, accurate, and reliable

than the caudate-right lobe ratio method in the diagnosis of cirrhosis.
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Introduction

Cirrhosis is a significant public health problem. In 2017,
the global age-standardized prevalence of compensated and
decompensated cirrhosis was 1,395 (1,323-1,470) and 132
[128-136] per 100,000 population, respectively. In the same
year, cirrhosis was responsible for more than 1.32 million (95 %
uncertainty interval, 1.27-1.45) deaths, which represented
2.4% (95% uncertainty interval 2.3-2.6) of all deaths
worldwide (1).

The most common etiologies of cirrhosis are chronic
viral hepatitis, alcoholism, and non-alcoholic fatty liver
disease (2,3). The different etiologies of cirrhosis present
with similar progression patterns (4). In China, hepatitis B
virus (HBV) infection remains the primary cause of cirrhosis
(5-8). The 5-year cumulative incidences of hepatocellular
carcinoma increase gradually at different stages of HBV
infection (9). Moreover, when a patient progresses to
cirrhosis, in addition to treatment to address the cause,
steps need to be taken to prevent and reduce complications.
Therefore, early detection of liver fibrosis and cirrhosis is of
great significance to the formulation of treatment plans and
improving prognosis (10).

Several assessment methods have been proposed for
the diagnosis of liver fibrosis and cirrhosis, among which
liver biopsy is the gold standard for clinical evaluation (11).
However, liver biopsy has some limitations, including
its invasiveness, the risk of postoperative complications,
inconsistencies between and within observers, and the
accuracy of the results being easily affected by sampling
errors (12-14). Some imaging techniques, such as
elastography and magnetic resonance elastography, have
the advantages of being non-invasive and reproducible for
the evaluation of liver fibrosis and cirrhosis (15,16). To
date, there have been many studies on the clinical value
of fibroscans and ultrasound (US) elastography in the
evaluation of hepatic fibrosis, and vibration-controlled
transient elastography is possibly the most widely used
technique at present (17). However, the diagnostic ability
of computed tomography (CT) was not intended to exceed
these methods.
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For patients with chronic liver disease who undergo
enhanced CT scanning for whatever reason, CT
measurement methods can provide radiologists with more
comprehensive and additional valuable information. Based
on morphological changes of cirrhosis, Awaya et a/. used the
caudate-right lobe ratio—a ratio-based method assessing the
right portal vein to set the lateral boundary—to diagnose
cirrhosis and reported an area under the receiver operating
characteristic (ROC) curve (AUC) of 0.797 (18). However,
the cases in their study mainly were alcoholic cirrhosis,
whereas HBV infection is the dominant cause of cirrhosis
in China (6). Other studies have shown that the proportion
of patients with caudate lobe enlargement was significantly
higher among those with alcoholic cirrhosis than those
with viral cirrhosis (19). Also, the degree of hypertrophy
may vary due to differences in the blood supply of the
caudate lobe among all populations (20). Therefore, the
caudate-right lobe ratio method has poor diagnostic efficacy
for cirrhosis. Further, in patients with hepatitis C virus-
associated cirrhosis, characteristic changes include shrinkage
in the anterior part of the right lobe and enlargement of the
posterior segment of the right lobe. We speculated whether
these morphological changes are also applicable to patients
with other etiologies.

Therefore, in this study, we proposed a new distance
ratio measurement method for CT images: the L-distance
ratio. We compared the performance of the L-distance
ratio with that of the caudate-right lobe ratio in diagnosing
cirrhosis. We present the following article in accordance with
the STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-861/rc).

Methods
Patient population

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This
retrospective study was approved by the institutional
review board of Guangdong Provincial People’s Hospital,
and the requirement to obtain individual consent for this
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2,097 patients underwent liver biopsy between 2008 and 2020

Excluded subjects

¢ No contrast-enhanced CT images (n=1,535)

A
562 patients

Excluded subjects

¢ Non-cirrhotic stage (n=389)

A

173 cirrhotic stage patients

Excluded subjects

Y

* Occupying lesion of liver (n=80)

e Interval between liver biopsy and CT scan more than 3 months (n=13)
e The patient had undergone abdominal surgery (n=7)

e The right branch of the portal vein could not be measured (n=11)

y

Cirrhosis group (n=62)

Control group (n=62)

Male: Female =42:20

Male: Female =31:31

A

Hepatitis B virus (n=45)
Autoimmune hepatitis (n=3)
Alcohol abuse (n=3)
Unknown cause (n=11)

Figure 1 Patient population. Abdominal CT scans of 124 patients were retrospectively analysed. Included were 62 patients with cirrhosis

and 62 patients without chronic liver disease. CT, computed tomography.

retrospective analysis was waived.

We conducted a retrospective analysis of 62 consecutive
patients with pathologically diagnosed cirrhosis (cirrhosis
group) and 62 individuals with no clinical evidence of
chronic hepatic disease (control group) who underwent CT
examination in Guangdong Provincial People’s Hospital
between August 2008 and August 2020. In the cirrhosis
group, patients were pathologically diagnosed cirrhosis,
but morphological changes, such as widening of liver
fissures, wavy edges, enlargement of the caudate lobe and left
lobe of the liver, and atrophy of the right lobe on imaging,
were not sufficient to diagnose cirrhosis. Those who were
pathologically confirmed to be free of cirrhosis and fibrosis
and without a history of chronic hepatic were classified as the
control group. For all included patients, the interval between
the time of the liver biopsy and the abdominal contrast-
enhanced CT scan was less than 3 months. The exclusion
criteria were as follows: (I) the right branch of the portal vein
could not be measured (for example, because of variation
in the origin of the right portal vein); (I) the diameter of
benign lesions in the liver was greater than 20 mm; (III) the
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image was blurred; (IV) the patient was under the age of
18 years; and (V) the patient had undergone abdominal
surgery (Figure 1). The sample size for the analysis was
based on the availability of CT images.

Pathological evaluation

First, the safest and best intercostal spaces were selected
using CT or US, and percutaneous liver biopsy was
performed after routine disinfection and induction of
local anesthesia. Liver biopsy specimens were fixed with
formaldehyde solution and embedded in paraffin, and the
sections were stained with hematoxylin-eosin and elastic van
Gieson. Each biopsy specimen was analyzed by a pathologist
with more than 3 years’ experience. The pathologists
used the Knodell histology activity index scoring system,
which considers periportal plus or minus bridging necrosis,
intralobular degeneration and focal necrosis, portal
inflammation, and fibrosis (21). On microscopy, the liver
samples exhibited fibroblasts in the portal area showing
evident hyperplasia, widening of the fibrous septum, grid
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division in liver cells, the formation of a pseudo-lobule of
the liver, and typical liver fibrosis; all of these findings are
indicative of hepatic cirrhosis. Biopsy is the gold standard
for the diagnosis of liver cirrhosis.

Imaging techniques

A General Electric Company (GE) Lightspeed VCT
64-slice spiral CT scanner (GE Healthcare, Chicago, 1L,
USA) was used to perform a non-contrast scan and an
enhanced scan of the axial upper abdomen or the whole
abdomen. The scanning parameters were as follows:
120 kVp; automatic tube current modulation; section
thickness, 5 mm; and reconstruction section thickness,
1.0 mm. Following unenhanced CT, dynamic contrast
enhancement was performed for 30 seconds (arterial
phase), 60 seconds (portal phase), and 180 seconds (delayed
phase) after the completion of an intravenous injection
of nonionic contrast material (iopamidol 370 mg I/mL,
1.5 mL/kg) at a rate of 3.5-4.5 mL/s.

Measurement of the two evaluation methods

In this study, two distance ratio-based evaluation methods—
our proposed L-distance ratio and the traditional caudate-
right lobe ratio—were assessed and compared for the
diagnosis of cirrhosis. Both methods were performed
during the portal phase of enhanced CT scans. The detailed
procedures for the two methods are presented below:

For L-distance ratio evaluation, two lines were first
drawn parallel to the right branch. Then, two vertical lines
were drawn at the bifurcation of the right branch and from
the bifurcation of the right branch to the posterior edge of
the liver, defined as R and to the anterior edge of the liver,
defined as L. The L-distance ratio, named after its L-shape,
was expressed as the ratio of R to L (Figure 24,2B).

For the traditional caudate-right lobe ratio, lines I, II,
and III were parallel to the midsagittal plane. Lines I, II,
and III were drawn through the right lateral margin, the
bifurcation of the right branch, and the outer edge of the
caudate lobe, respectively. The distance between lines II and
III (representing the width of the caudate lobe) was defined
as C, and the distance between lines II and I (representing
the width of the right lobe) was defined as R. The caudate-
right lobe ratio was expressed as the ratio of C to R
(Figure 2C,2D). All abdominal CT images were reviewed

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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by two expert radiologists, each with more than 3 years’
experience. The L-distance ratio and the caudate-right lobe
ratio were measured using the described methods. Images of
each patient were reviewed by evaluators, who were blinded
to all patient information, including the final diagnosis.

Texture feature extraction

For each patient, a 30 mm’ region of liver parenchyma was
delineated in one slide using the ITK-SNAP software (version
4.7.2; https://itk.org/), and the region could not include blood
vessels. Feature extraction was performed with the radiomics
toolbox (22). Two types of quantitative image features were
extracted: (I) histogram features (mean, variance, skewness,
kurtosis, and moment 5-10); and (II) texture features [gray-
level co-occurrence matrix (GLCM) energy, GLCM
contrast, GLCM entropy, GLCM homogeneity, GLCM
correlation, GLCM sumaverage, GLCM variance, GLCM
dissimilarity, and GLCM autocorrelation]. The AUC value
for distinguishing the cirrhosis and control groups was
calculated for histogram and texture features. If the AUC
value of a feature was greater than 0.70, the feature was
considered potentially significant.

Statistical analysis

Intraclass correlation coefficients (ICCs) were used to
analyze the interobserver agreement between the two
observers. Binary logistic regression was used for univariate
analysis. The strength of an association was given as an
odds ratio (OR) with a 95% confidence interval (CI). The
sensitivity, specificity, and accuracy of two methods for
diagnosing cirrhosis were calculated at different cut-off
points. To compare the L-distance ratio and the caudate-
right lobe ratio, the ROC curve was constructed and the
AUC calculated. The diagnostic value was determined
by the AUC. The AUC values of the two methods were
compared using the DeLong test. We also analyzed the
distribution of normal and cirrhosis cases according to the
prediction of the two methods. Patients with missing data
were excluded, and the imputation method was not used
in the analysis. All statistical analyses were performed with
SPSS 26.0 (IBM Corp., Armonk, NY, USA) or R language
(R version 4.0.3; R Foundation for Statistical Computing,
Vienna, Austria), with a two-sided P value <0.05 indicating
statistical significance.
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Figure 2 Definition of the two methods. (A) L-distance ratio evaluation: two lines were drawn parallel to the right branch. Two vertical lines
were drawn at the bifurcation of the right branch from them to the posterior edge of the liver, defined as R, and to the anterior edge of the liver,
defined as L. The L-distance ratio was expressed as the ratio of R to L. (B) The ratio calculated using L-distance ratio was 1.02 in this patient
with cirrhosis. (C) Caudate-right lobe ratio evaluation: lines I, II, and III were parallel to the midsagittal plane. Line I was drawn through the
right lateral margin; line IT was drawn through the bifurcation of the right branch; and line IIT was drawn through the outer edge of the caudate
lobe. The distance between lines IT and IIT was defined as C, and the distance between lines IT and I was defined as R. The caudate-right lobe
ratio was expressed as the ratio of C to R. (D) The ratio calculated using the caudate-right lobe ratio was 1.34 in this patient with cirrhosis. L:
the distance from the bifurcation of the right branch to the anterior edge of the liver; R: the distance from the bifurcation of the right branch to
the posterior edge of the liver (A,B); the distance between lines IT and I (C,D); C: the distance between lines II and III.

Results (age range, 29-75 years; mean age, 51 years). The mean
. histological activity index for the cirrhosis group was 10+2.6.
Patients

The cirrhosis group included 42 men and 20 women (age . .
. . Consistency analysis
range, 28-77 years; mean age, 51 years). The etiologies

of cirrhosis included HBV infection (n=45), autoimmune
hepatitis (n=3), alcohol abuse (n=3), or undetermined causes
(n=11). The control group included 31 men and 31 women

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

For the L-distance ratio, a high level of agreement was
observed between the two radiologists (ICC =0.916, 95%
CI: 0.884-0.940). A slightly lower ICC value was observed
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Figure 3 L-distance ratio and caudate-right lobe ratio consistency analysis. Concordance between two radiologists for the L-distance ratio

(A) and the caudate-right lobe ratio (B). Bland-Altman plot for the two radiologists for the L-distance ratio (C) and the caudate-right lobe

ratio (D). The solid horizontal line is the mean, the dashed line is zero, and the shaded regions are the 95% Cls. ICC, intraclass correlation

coefficients; CI, confidence interval.

for the caudate-right lobe ratio (0.907, 95% CI: 0.851—
0.939). The measurement results are presented as scatter
plots in Figure 34,3B. The Bland-Altman plot showed good
agreement between the two radiologists for the L-distance
ratio (Figure 3C), and the mean ratio difference between the
two radiologists was -0.005 (95% CI: -0.166 to 0.157). For
the caudate-right lobe ratio, the mean ratio difference was
much further away from the zero-line, and the 95% CI was
much broader (0.037, 95% CI: -0.154 to 0.227; Figure 3D).

Discrimination performance evaluation

The mean L-distance ratio was higher in the cirrhosis group

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

than the control group (0.88+0.20 vs. 0.69+0.14, P<0.05), and
the same trend was observed for the mean caudate-right lobe
ratio (0.98+0.26 vs. 0.82+0.17, P<0.05). Using the median
value of the L-distance ratio, patients were divided into high-
and low-ratio groups. Logistic regression analysis showed
that a high ratio was associated with cirrhosis (OR 6.47, 95%
CI: 2.96-14.2, P<0.001). The analysis was also performed for
the caudate-right lobe ratio method and produced a similar
result (OR 2.89, 95% CI: 1.39-6.00, P=0.004).

The ROC curves of the two methods for diagnosing
cirrhosis are shown in Figure 4. The discrimination
performance of the L-distance ratio was superior to that

of the caudate-right lobe ratio (AUC, 0.823 vs. 0.663,
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Figure 5 Distribution of normal and cirrhosis cases (y) predicted with the two methods.

P<0.05; Figure 44). The optimal cut-off was selected at the
ROC curve point with the joint maximum sensitivity and
specificity values (Youden index). The cutoff point for the
L-distance ratio was 0.825, and the accuracy, sensitivity, and
specificity were 75.0%, 62.9%, and 87.1%, respectively.
The threshold for the caudate-right lobe ratio was set as
0.915, and the accuracy, sensitivity, and specificity were
64.5%, 30.7%, and 98.4%, respectively. In the control
group, 4.8% of cases were misjudged by both methods,
and 59.7% were judged correctly. The proportion of cases
judged incorrectly was lower with the L-distance ratio than
with the caudate-right lobe ratio (8.1% vs. 27.4%). In the
cirrhosis group, 14.5% of cases were misjudged by both
methods, and 37.1% were judged correctly. Like in the
control group, the proportion of cases judged incorrectly
was lower with the L-distance ratio than with the caudate-
right lobe ratio (22.6% vs. 25.8%; Figure 5).

We also divided the cirrhosis group into an HBV

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

group (n=45) and non-HBV group (n=17) according to
etiology. We found that the L-distance ratio had a better
discrimination performance than did the caudate-right lobe
ratio in both groups (AUC of HBV group: 0.815 vs. 0.620;
AUC of non-HBV group: 0.848 vs. 0.782; Figure 4B,4C,
Table 1). This result shows that our method is a stable tool
for cirrhosis diagnosis.

Texture feature analysis

A total of 19 quantitative image features were extracted, and
the AUCs of texture features are shown in Table S1. The
AUC values of GLCM_contrast, GLCM_homogeneity,
GLCM_correlation, and GLCM_dissimilarity were 0.74
(95% CI: 0.65-0.83), 0.73 (0.63-0.82), 0.76 (0.67-0.85),
and 0.74 (0.65-0.83), respectively. As the above AUC values
were all greater than 0.70, these features were considered
significant.
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Table 1 The areas under the receiver operating characteristic
curves for the L-distance ratio and the caudate-right lobe ratio
measured by radiologist 1 in three groups

AUC (95% Cl)

Groups

L-distance ratio =~ Caudate-right lobe ratio
All 0.823 (0.752-0.894)  0.663 (0.569-0.757)
HBV group 0.815 (0.729-0.901)  0.620 (0.506-0.735)

Non-HBV group 0.848 (0.717-0.979)  0.782 (0.626-0.938)

AUC, area under the receiver operating characteristic curve; Cl,
confidence interval; HBV, hepatitis B virus.

Discussion

In this study, we proposed a new distance ratio-based
quantification method, the L-distance ratio, for the
accurate diagnosis of cirrhosis using enhanced CT images.
Compared with the traditional caudate-right lobe ratio
method, our proposed method is simple, accurate and
robust, and has potential value in the diagnosis of cirrhosis.

Liver fibrosis causes compression and irregular stenoses
of the intrahepatic branches of the portal vein (23), and as
a result, the blood supply transitions from the portal vein
to the hepatic artery (24,25). The blood supply to the right
lobe has more influence usually because the right portal
vein enters the right lobe directly (23). These events lead
to morphological changes, including enlargement of the
caudate and left liver lobes, and atrophy of the right lobe
(26,27). Although these shape features have been used
for the diagnosis of many tumors in clinical practice (28),
using appearance alone to diagnose cirrhosis is subjective.
Moreover, these features indicate that the disease has
already progressed to a more severe stage. The treatment
and prognosis of liver cirrhosis mainly depend on the stage
of fibrosis (29), and there is a progressive increase in the
relative risk of liver mortality with the development of
fibrosis (30). Therefore, early screening of patients with
cirrhosis is of great significance to guiding clinical treatment
decisions.

To date, the diagnostic efficacy of two-dimensional
diameter assessment in cirrhosis has not been satisfactory,
and a recognized diagnostic standard has yet to be
established. Cirrhosis typically manifests as hypertrophy
in the left and caudate lobes and as atrophy of the right
lobe (31). Based on these morphological changes, Harbin
et al. (32) chose the main portal vein as a boundary marker
to separate the caudate lobe from the right lobe and to

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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calculate the ratio of their distances. When the cutoff point
was 0.55, the accuracy was 65.7%. However, hypertrophy
of the caudate lobe may extend further to the right,
beyond the main portal vein, which may correspond to the
bifurcation point of the right portal vein. Therefore, the
right portal vein may be more suitable than the main portal
vein for dividing the caudate lobe from the liver. Based on
this, Awaya ez al. (18) selected the bifurcation point of the
right portal vein as the boundary marker and calculated the
caudate-right lobe ratio. When the cutoff point was 0.9,
the sensitivity, specificity, and accuracy were 71.7%, 77.4%,
and 74.2%, respectively. The caudate lobe is composed
of the left Spiegel lobe, the paracaval portion, and the
caudate process, and their hemodynamics are generally
variable (20), which also makes the degree of caudate
lobe hypertrophy variable. Also, we found that the right
branch bifurcation point was not at the same level as the
caudate lobe, which influenced the diagnostic performance
of the caudate-right lobe ratio. Research has shown that
shrinkage in the anterior part of the right lobe, especially
the middle hepatic vein drainage area, and enlargement of
the posterior segment of the right lobe, are characteristic of
hepatitis C-related cirrhotic liver (31,33). The right portal
vein divides into anterior and posterior branches; the right
anterior branch supplies segments V and VIII, while the
right posterior branch supplies segments VI and VII (34).

In this study, we used the ratio of the vertical distance
from the bifurcation point of the right portal vein to
the sides of the liver and selected the most appropriate
cutoff point to explore whether this method is effective in
diagnosing cirrhosis. Our results show that the diagnostic
efficacy of the L-distance ratio is superior to that that of
the caudate-right lobe ratio. A high L-distance ratio was
identified as an indicator for diagnosing cirrhosis (OR
=6.47, 95% CI: 2.96-14.2, P<0.001). The AUC of our
method reached 0.823, whereas that of the existing method
was 0.663. However, the sensitivity of the caudate-right lobe
ratio method at the optimal cutoff point in our study was
lower than that reported by Awaya (18). A possible reason
for this difference is that the primary etiology in the sample
reported by Awaya was alcoholic cirrhosis. In another study,
the proportion of patients with caudate lobe enlargement
was significantly higher among those with alcoholic cirrhosis
than among those with viral cirrhosis (P<0.001) (19). In the
present study, cirrhosis was mostly caused by HBV, and
alcoholic cirrhosis accounted for only three cases. Many
studies have been conducted on the clinical impact of
fibroscan and US elastography in the evaluation of hepatic
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fibrosis, and these techniques have been reported to have
higher accuracy than ratios measured on CT images (35).
For example, the AUC of shear-wave elastography in the
assessment of advanced fibrosis was 0.89, and cutoffs of 8.7
and 10.3 kPa provided sensitivity and specificity of 90%
(17,36). However, a deliberate clinical approach informed
by a knowledge of the pitfalls and preparation for multiple
contingencies in case of indeterminate results is crucial. Our
approach provides useful and complementary information
for clinical practice.

Many studies have reported that texture features also
achieved success in cirrhosis and hepatocellular carcinoma
(37,38). We found that the AUC values of GLCM_contrast,
GLCM_homogeneity, GLCM_correlation, and GLCM_
dissimilarity were all greater than 0.70, but these features
had a poorer performance than the L-distance ratio in
our study. Although it may be better to combine the
features, feature selection is usually not effective in studies
with limited cases due to the issue of overfitting. Further
studies using a larger cohort are needed to evaluate the
performance of combing texture and morphology-based
ratio features.

The measurements in this study did not require post-
processing of the images and had high clinical operability.
Additionally, the L-distance ratio method does not require
the right branch to be at the same level as the caudate
lobe, which compensates for the limitations of the caudate-
right lobe ratio method. However, our study still had some
limitations. First, as a single-center retrospective study,
selection bias was inherent. Second, anatomical variation of
the portal vein is present in approximately 20-35% of the
population. The two common variations are trifurcation
of the portal vein—where the portal vein divides into the
right anterior, right posterior, and left branches—and early
branching of the right posterior portal vein from the main
portal vein. Another, less common, variation is early division
of the right portal vein (34). Patients with this variation
were excluded from the study, and consequently, there may
have been a selection bias. Third, fact that we used a small
sample from a single hospital was another limitation. We
will require a large number of samples to demonstrate the
advantages of our method in the future.

In conclusion, the proposed L-distance ratio can evaluate
cirrhosis more accurately than the traditional caudate-right
lobe ratio. This method is a non-invasive, convenient, and
reproducible clinical measurement approach, and thus,
provides value in guiding clinical treatment of cirrhosis. In
patients with chronic liver disease, an L-distance ratio of

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

more than 0.80 indicates that cirrhosis is likely, which could
assist clinicians in formulating corresponding interventions
to improve prognosis as much as possible.
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Supplementary

Table S1 Areas under the receiver operating characteristic curves of texture features

Feature name AUC (95% Cl)

Mean 0.52 (0.42-0.63)
Variance 0.57 (0.46-0.67)
Skewness 0.54 (0.43-0.64)
Kurtosis 0.55 (0.44-0.65)
Moment5 0.54 (0.43-0.65)
Moment6 0.55 (0.44-0.65)
Moment7 0.52 (0.41-0.63)
Moment8 0.55 (0.45-0.66)
Moment9 0.51 (0.40-0.61)
Moment10 0.54 (0.44-0.65)
GLCM_energy 0.54 (0.43-0.64)
GLCM_contrast 0.74 (0.65-0.83)
GLCM_entropy 0.51 (0.40-0.62)
GLCM_homogeneity 0.73 (0.63-0.82)
GLCM_correlation 0.76 (0.67-0.85)
GLCM_sumaverage 0.51 (0.40-0.61)
GLCM_variance 0.52 (0.41-0.62)
GLCM_dissimilarity 0.74 (0.65-0.83)
GLCM_autocorrelation 0.54 (0.44-0.65)

AUC, the area under the receiver operating characteristic curve; Cl, confidence interval; GLCM, gray-level co-occurrence matrix.
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