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Estimating liver cirrhosis severity
with extracellular volume fraction
by spectral CT

Hong Zhang'*#, Ee Hao%*, Donggqin Xia3*, Mingyue Ma?, Jiayu Wu?, Tongchi Liu!, Ming Gao'!
& Xiaoping Wu'™*

To investigate the diagnostic value of spectral CT in calculating extracellular volume fraction (ECV) for
assessing the severity of liver cirrhosis. This retrospective study enrolled 172 participants, including
127 patients diagnosed with liver cirrhosis and 45 matched controls, all of whom underwent spectral
CT hepatic enhancement imaging. Disease severity stratification was performed using the Child-Pugh
classification system. ECV values were derived from the iodine density map during the delayed phase.
These ECV values were then compared across the control group and subclassified cirrhosis groups
(Child-Pugh classes A—C). Furthermore, a correlation analysis was performed to assess the relationship
between ECV values and Child-Pugh scores in liver cirrhosis. Receiver operating characteristic (ROC)
curves were constructed to evaluate the diagnostic performance of ECV values and MELD-Na in the
Child-Pugh classification of liver cirrhosis. The ECV values were 25.49 +3.15, 29.73 +3.20, 35.64+3.15,
and 45.30+5.16 for the control, Child-Pugh A, Child-Pugh B, and Child-Pugh C group, respectively,
demonstrating significant intergroup differences (F=184.67 P<0.001). A strong positive correlation
was observed between ECV and Child-Pugh liver function classification (r=0.791, P<0.001). The
diagnostic performance of ECV for differentiating between Child-Pugh classes A and B (AUC: 0.901),

B and C (AUC: 0.966) was higher compared to the MELD-Na score (AUC: 0.772 and 0.868) (P<0.05,
respectively). Multivariate analyses showed that ECV was an independent factor for cirrhosis (OR
1.610, P<0.001). ECV values measured using spectral CT can serve as a noninvasive biomarker for
assessing the severity of liver cirrhosis.
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The etiological factors and epidemiological patterns of chronic liver diseases exhibit significant global variations.
Asthe disease advances, it triggers a pathogenic cascade beginning with hepatic fibrosis, progressing to irreversible
cirrhosis, and culminating in hepatocellular carcinoma (HCC). In recent years, the incidence rate of cirrhosis
has been increasing, posing a serious burden on society and patients!2. Cirrhosis is characterized by severe
scarring, structural distortion, and functional failure of liver tissue due to collagen deposition, accompanied by
life-threatening complications such as portal hypertension, variceal bleeding, peritonitis, ascites, and hepatic
encephalopathy?. Therefore, cirrhosis is currently the 10th leading cause of death in Africa; 9th leading cause
in SE Asia and Europe; and the 5th leading cause of death in the Eastern Mediterranean®. Accurate assessment
of the severity of cirrhosis is of great significance for patient treatment, prognosis, and overall mortality risk
assessment*.

Currently, various scoring methods for evaluating liver fibrosis and cirrhosis have been developed clinically
based on laboratory tests®. However, the most widely accepted and effective scoring system in clinical practice
is still the Child-Pugh score®. Although imagological examination also plays an important role in the prognosis
assessment of cirrhosis patients, most of them are based on morphological studies, including assessments of
liver size, smoothness of the liver capsule, and widening of liver fissures. These methods cannot quantify the
severity of liver fibrosis and cirrhosis. Currently, ultrasound elastography is a convenient, rapid, and relatively
accurate technique for assessing liver fibrosis”®. However, its clinical application is influenced by various factors
(such as inflammation, cholestasis, and metabolic status), and its diagnostic accuracy is limited in specific
patient populations (e.g., those with obesity, ascites, scars in the right upper abdomen, or narrow intercostal
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spaces). Magnetic resonance elastography (MRE) is a novel non-invasive diagnostic method for liver fibrosis
and cirrhosis, offering high accuracy in determining the severity of these conditions”!?. However, due to its
longer examination time, higher equipment requirements, and limited availability in primary care hospitals, its
widespread adoption is challenging. Additionally, chronic liver diseases are often accompanied by hepatic iron
deposition, and excessive iron accumulation can lead to magnetic field inhomogeneity and accelerated proton
dephasing, which may also affect the accuracy of magnetic resonance elastography!!.

Extracellular volume fraction (ECV) is the sum of the extracellular-extravascular space fraction and the
intravascular space fraction, serving as a quantifiable marker of the extracellular matrix. Chronic liver injury
activates hepatic stellate cells, resulting in abnormal deposition of extracellular matrix components (collagen,
fibronectin, etc.). Non-cellular components such as collagen occupy hepatic tissue space, increasing the
proportion of extracellular gaps and elevating ECV'2. ECV directly measures the volumetric proportion of
the extracellular matrix via CT/MRI, reflecting the core pathological alteration in liver fibrosis—excessive
extracellular matrix deposition—with fewer confounding factors, higher accuracy, and the ability to detect early-
stage cirrhosis'>. ECV does not rely on subjective parameters (e.g., ascites/encephalopathy in the Child-Pugh
score), effectively reducing assessment bias. Blood-based biochemical indices such as APRI (AST-to-Platelet
Ratio Index), FIB-4 (Fibrosis-4 Index), and ALBI (Albumin-Bilirubin Index) only indirectly reflect fibrosis, the
specificity is diminished by influences from inflammation and medications. Furthermore, serological indices
are susceptible to confounding effects from composite indicators, while ECV overcomes the limitations of
conventional serological markers and emerges as the sole independent determinant influencing the histological
staging of liver fibrosis'*. Relevant studies confirm the diagnostic performance of ECV superior to serological
tests like APRI and FIB-4'>1¢, However, there is limited research reporting on the assessment of liver cirrhosis
severity staging through ECV measurements using spectral CT. Building on this research background, we
hypothesize that ECV will exhibit similar advantages in grading cirrhosis severity. This study aims to provide
a noninvasive biomarker for assessing cirrhosis severity. This approach integrates seamlessly with conventional
imaging, advancing precision-driven management of liver diseases.

Materials and methods

Patients

We selected 127 patients who underwent spectral CT abdominal contrast-enhanced scans in our department
from October 2023 to January 2025 and were clinically and pathologically diagnosed with cirrhosis. At the same
time, 45 normal controls matched in gender and age were selected. The normal control group comprised three
distinct cohorts: (1) asymptomatic individuals undergoing routine health check-ups; (2) patients presenting with
digestive symptoms (e.g., dyspepsia, abdominal pain, or bloating); (3) subjects referred for contrast-enhanced
abdominal CT scans due to incidental findings of abnormal imaging characteristics (e.g., atypical density/signal
intensities) in non-hepatic abdominal organs.

General information and laboratory test results of all enrolled cases were collected, including hematocrit,
platelet, prothrombin time (PT), bilirubin, albumin, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and serum sodium concentration. The case group of cirrhotic patients was divided into three groups
based on Child-Pugh severity of cirrhosis: Child-Pugh A, Child-Pugh B, and Child-Pugh C.

Inclusion criteria
(1) Clinically and pathologically diagnosed with cirrhosis; (2) Possess complete general information, imaging,
and laboratory examination data.

Exclusion criteria
(1) Presence of liver neoplastic lesions; (2) Previous history of other malignant tumors; (3) Recent history of
blood transfusion or liver trauma. (4) The CT image quality is poor, making accurate measurements unfeasible.

Normal controls inclusion criteria

(1) All laboratory liver function indicators are within normal ranges; (2) No neoplastic lesions are present in
the liver. (3) There is no history of other malignant tumors. (4) No history of liver trauma or recent blood
transfusion. 4. The CT image quality meets the standards required for accurate measurements.

Normal controls exclusion criteria

Contrast-enhanced upper abdominal CT revealed suspected malignant neoplastic lesions in the liver and/or
other abdominal organs, or demonstrated lesions with indeterminate characteristics requiring further diagnostic
evaluation.

CT examination

A triphasic contrast-enhanced scan of the liver was conducted using Philips 256-slice spectral CT, employing
an automatic tracking method for blood flow detection. The diaphragm-level abdominal aorta was set as the
detection plane, with a trigger threshold of 150 Hounsfield Unit (HU). Images were acquired at 8 s, 40 s, and
180 s after reaching the threshold, representing the hepatic arterial phase, portal venous phase, and delayed
phase, respectively. The contrast agent used was iopromide (370 mg/ml), with a general dose of 70-90 ml (1.2 ml/
kg) and an injection rate of 3 ml/s. The scanning parameters were as follows: tube voltage,120 kV; tube current,
137 mAs, helical pitch, 0.9, slice thickness, 1.5 mm; slice interval, 1.5 mm; FOV, 320 mm. The spectral image
data (spectral-based imaging, SBI) obtained after scanning was uploaded to a workstation. Although there is no
definitive conclusion regarding the optimal delayed phase timing for liver imaging, based on previous related
studies!”!?, we have chosen 180 s as the delayed phase timing for the liver.
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Image post-processing and data measurement

SBI data was processed by a Philips IntelliSpace Portal V12.0 workstation. We selected the liver enhancement
delay 180s image and utilized the built-in Multiphase Analysis software within the workstation to calculate
ECV. After calibration, we avoided the liver vessels and calcifications, and on the liver’s largest volume plane,
we selected the caudate lobe (SI), the upper segment of left lateral lobe (SII), the lower segment of left lateral
lobe (SIII), left medial lobe (SIV), lower segment of right anterior lobe (SV), lower segment of right posterior
lobe(SVTI), upper segment of right posterior lobe (SVII) and upper segment of right anterior lobe (SVIII) to draw
regions of interest (ROIs) with an area of approximately 100mm? for measurement. The average ECV of the eight
liver segments was taken as the liver’s ECV value, as shown in (Fig. 1). The measurements were performed by two
senior attending physicians, and the average value was taken as the final measurement result.

Statistical analysis

Data were entered bilaterally into Excel software, and processed using Prism 5.0 (GraphPad Software) and SPSS
Statistics (Version 26, IBM). Measurement data were presented as mean + standard deviation, while count data
were expressed as percentages (%). All data underwent normality and homogeneity of variance tests. If the data
followed a normal distribution, t-tests were used for comparisons between two groups, and one-way ANOVA
was applied for comparisons among multiple groups. If the data did not follow a normal distribution, the rank
sum test was used. Correlation between data was analyzed using Pearson or Spearman correlation, and ROC
curve analysis was used to predict the highest sensitivity and specificity and determine the optimal cutoff value.
Logistic regression was used to determine independent factors for the diagnosis of cirrhosis, A p-value <0.05
was considered statistically significant.

Results

Cohort characteristics and laboratory test

There were 58 cases in the Child-Pugh A group (36 males and 22 females), 47 cases in the Child-Pugh B group
(29 males and 18 females), 22 cases in the Child-Pugh C group (14 males and 8 females), and 35 cases in the
control group (19 males and 16 females).In the cirrhosis group, there were 65 cases of hepatitis B-related liver
disease, 25 cases of hepatitis C-related liver disease, 2 cases of alcoholic liver disease, 6 cases of autoimmune liver
disease, 1 case of Budd-Chiari syndrome, and 28 cases of cirrhosis of unknown etiology. PT, INR, bilirubin, AST,
ALT, albumin, platelet, albumin-bilirubin (ALBI), and modified end-stage liver disease with the incorporation
of sodium (MELD-Na) exhibited statistical differences across all groups (P<0.001). Detailed data regarding age,
gender, laboratory tests, and CT-measured ECV values for different subgroups are outlined in (Table 1).

Comparison of ECV values among Child-Pugh groups of liver cirrhosis

The ECV value of the control group was 25.49+3.15, whereas the ECV values for the Child-Pugh A, B, and
C groups of cirrhosis were 29.73 +3.20, 35.64+3.15 and 45.30+5.16, respectively. One-way ANOVA analysis
indicated statistically significant differences in ECV among the groups (F=184.67, P<0.001), (Fig. 2).

Correlation between ECV value and Child-Pugh classification of liver cirrhosis

A correlation analysis was conducted between the ECV value with the Child-Pugh score. The ECV value
demonstrated a significant positive correlation with the Child-Pugh score for cirrhosis (r=0.791, p<0.001). The
results indicated that as the severity of cirrhosis increased, the ECV value tended to rise (Fig. 3).

Diagnostic efficacy of ECV value in assessing the severity of liver cirrhosis

The receiver operating characteristic (ROC) curve shows the area under the curve (AUC) of the ECV value
for diagnosing the control group and cirrhosis group was 0.911 (95% CI 0.858-0.949). Using a cutoft value of
29.46, the best discrimination between non-cirrhosis and cirrhosis was achieved, with sensitivity and specificity

PHILIPS

(a) ®

Fig. 1. ECV measurement based on Multiphase Analysis software in Philips IntelliSpace Portal V12.0
workstation. (a) ROIs drawn in the SII, SIV, SVII, and SVIII; (b) ROIs drawn in the SI, SIII, SV, and SVI.
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Variable \ Controls (n=45) \ Child-Pugh A (n=58) \ Child-Pugh B (n=47) \ Child-Pugh C (n=22) \ Pvalue
Clinical parameters

Age, years 57.27(1153) [ 58.17(11.35) [ 59.38 (12.85) [ 5745 (944) 0.833
Sex 0.880
Female, % 14 (31.1) 22 (37.9) 18 (38.3) 8 (36.4)

Male, % 31 (68.9) 36 (62.1) 29 (61.7) 14 (63.6)

Liver disease type <0.001
Hepatitis B virus - 30 (51.7) 21 (44.7) 14 (63.6)

Hepatitis C virus - 12 (20.7) 7 (14.9) 6 (27.3)

Autoimmune hepatitis | - 2(3.4) 3(6.4) 1(4.5)

Budd-Chiari syndrome | — 0(0.0) 1(2.1) 0(0.0)

Alcoholic hepatitis - 1(1.7) 1(2.1) 0(0.0)

Unknown - 13 (22.4) 14 (29.8) 1(4.5)

Laboratory parameters

Hematocrit value (%) | 40.84 (4.17)* 36.64 (7.68)* 32.77 (7.93)" 30.31 (7.86)" <0.001
PT (s) 10.38 (1.34)* 12.06 (1.88)* 14.00 (1.85)"* 17.42 (3.14)" <0.001
INR 0.88 (0.08)* 1.02 (0.14)™* 1.17 (0.15)" 1.48 (0.33)" <0.001
Bilirubin (umol/l) 13.38 (5.43)* 22.75 (11.50)* 31.48 (16.47)"* 89.37 (106.35)" <0.001
Albumin (g/1) 42.82 (3.14)* 39.64 (4.62)* 33.79 (5.17) 28.58 (3.15)" <0.001
AST (U/) 20.02 (5.75)* 40.97 (51.61)* 45.57 (36.02)* 134.82 (211.67) <0.001
ALT (U/l) 17.87 (8.16)" 30.29 (23.24)" 33.77 (30.97)* 98.59 (149.32)" <0.001
Na (mmol/l) 140.20 (1.87)* 139.74 (2.44)* 138.06 (3.32)" 137.55 (5.44)" <0.001
Platelet (10%/1) 216.91 (59.00)* 106.22 (54.42)" 99.37 (74.77)" 109.14 (91.61)" <0.001
Creatinine (umol/l) 62.00 (13.93)* 58.71 (13.23)* 64.14 (23.24)" 73.83 (20.31)° 0.008
Child-pugh score 5.00 (0.00)* 5.55 (0.50)* 7.62 (0.64)* 11.32 (1.55) <0.001
MELD_Na score -2.90 (0.30)* -2.51(0.43)™ -1.92(0.42)* -1.25(0.41)" <0.001
ALBI score -2.94 (0.30)" -2.51(0.43)* -1.86 (0.37)* -1.08 (0.37)° <0.001
CT parameters

ECV (%) 25.49 (3.15)* 29.73 (3.20)* 35.64 (3.15)"* 45.30 (5.16)" <0.001

Table 1. Clinical, laboratory, and CT parameters. ECV extracellular volume fraction, ALBI albumin-bilirubin,
MELD-Na modified end-stage liver disease with the incorporation of sodium, PT prothrombin time, INR
international normalized ratio, AST aspartate aminotransferase, ALT alanine aminotransferase. “P<0.05,
compared to the control group; *P<0.05, compared to the Child-Pugh C. Continuous variables are expressed as
mean *standard deviation. Categorical variables are expressed as numbers and percentages in parentheses.

of 76.38 and 95.56%, respectively. The AUC of the ECV value for diagnosing Child-Pugh A and Child-Pugh B
stages of cirrhosis was 0.901, which was significantly higher than that of MELD-Na (Z=2.441, p=0.015); The
AUC of the ECV value for diagnosing Child-Pugh B and Child-Pugh C stages of cirrhosis was 0.966 (95% CI
0.892-0.995), which was significantly higher than that of MELD-Na (Z=2.042, p=0.041). (Fig. 4; Table 2).

Analysis of risk factors for liver cirrhosis
As shown in Table 3, multivariate logistic regression analysis showed that ECV was independently associated
with liver cirrhosis (OR 1.610, CI 1.219-2.125, P<0.001).

Discussion

The extracellular volume fraction (ECV) is the sum of the fractions of the extravascular-extracellular space
and intravascular space, reflecting the microvascular density and the degree of matrix fibrosis. Based on this
principle, ECV has initially been extensively utilized in the assessment of myocardial fibrosis, particularly in
evaluating myocardial fibrosis and myocardial lesions through magnetic resonance T1 mapping**!. Apart from
its application in the assessment of myocardial fibrosis??, CT-based ECV measurement has also been employed
for distinguishing between benign and malignant tumors, assessing tumor staging, evaluating treatment
response, and predicting prognosis®.

Patients with liver fibrosis and cirrhosis exhibit an increase in collagen deposition within the liver, subsequently
enlarging the extracellular space. Given this pathological basis, the degree of liver fibrosis can be indirectly
reflected through the quantitative measurement of liver ECV values®*. Methods for measuring ECV values via
CT include ECV-AHU, which relies on CT values, and ECV-Iodine, which utilizes iodine density maps. In
the context of liver ECV measurement among patients with liver fibrosis, Yoon et al.. conducted a Spectral
CT study and discovered that ECV-Iodine demonstrates superior diagnostic efficacy for liver fibrosis (F>2)
compared to ECV-HU?. Similarly, Nagayama et al. employed dual-energy CT and observed that the correlation
coefficient of ECV-Iodine is higher than that of ECV-AHU within the liver fibrosis group, indicating a higher
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Fig. 2. One-way ANOVA test of extracellular volume fraction in the control group and cirrhosis groups.
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Fig. 3. Correlations of ECV with Child-Pugh score in liver cirrhosis.

degree of reliability and credibility for ECV-Iodine in assessing liver fibrosis?. Consequently, this study employs
Spectral CT to calculate liver ECV values based on iodine density maps. Currently, the majority of domestic and
international literature primarily focuses on evaluating the degree of liver fibrosis in the application of ECV, with
limited reports on cirrhosis research. However, since the liver fibrosis stage has already progressed in cirrhosis
patients, merely assessing the fibrosis stage appears insufficient to draw conclusive insights into the severity of
liver function. ECV may hold promising potential in the management of liver diseases. Recently, scholars have
demonstrated that the measurement of ECV values utilizing T1 mapping technology can effectively evaluate
the grading of liver function in cirrhosis patients?”?%. Xu et al.. further discovered through dual-energy CT that
ECV values hold predictive potential for short-term disease progression in patients with acute decompensated
hepatitis B cirrhosis®. Hong et al. discovered ECV serves as an independent predictor of high-risk esophageal
varices (HRV) in cirrhosis*’. The combination of ECV quantification and platelet count demonstrated superior
diagnostic performance compared to the conventional CT imaging plus platelet count standard in ruling out
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Fig. 4. Graphs show receiver operating characteristic curves of ECV as well as clinical scores of liver disease
severity for differentiation between Controls and cirrhosis (a), Child-Pugh A and B classes (b), and Child-

Pugh B and C classes (c).
AUC Cutoff value | Sensitivity (%) Specificity (%) PPV (%) NPV (%) Youden
ECV 0.911 (0.858 to 0.949) | 29.46 76.38 (68.0-83.5) | 95.56 (84.9-99.5) | 98.0 (92.9-99.8) | 58.9 (46.8-70.3) | 0.719
Control vs. cirrhosis | ALBI 0.878 (0.819 to 0.923) | -2.65 80.31 (72.3-86.8) | 88.89 (75.9-96.3) | 95.3 (89.4-98.5) | 61.5 (48.6-73.3) | 0.692
MELD_Na | 0.868 (0.810 to 0.911) | 6 88.98 (82.2-93.8) | 71.11 (55.7-83.6) | 89.7 (83.0-94.4) | 69.6 (54.2-82.3) | 0.601
ECV* 0.901 (0.827 to 0.951) | 33.72 78.72 (64.3-89.3) | 87.93 (76.7-95.0) | 84.1 (69.9-93.4) | 83.6 (71.9-91.8) | 0.667
Child-Pugh A vs. B | ALBI 0.847 (0.764 to 0.910) | -1.87 57.45 (42.2-71.7) | 98.28 (90.8-100.0) | 96.4 (81.7-99.9) | 74.0 (62.8-83.4) | 0.557
MELD_Na | 0.772 (0.680 to 0.848) | 8 78.72 (64.3-89.3) | 62.07 (48.4-74.5) | 62.7 (49.1-75.0) | 78.3 (63.6-89.1) | 0.408
ECV* 0.966 (0.892 to 0.995) | 39.53 90.91 (70.8-98.9) | 95.74 (85.5-99.5) | 90.9 (70.8-98.9) | 95.7 (85.5-99.5) | 0.867
Child-Pugh Bvs. C | ALBI 0.906 (0.811 t0 0.963) | -1.5 81.82 (59.7-94.8) | 89.36 (76.9-96.5) | 78.3 (56.3-92.5) | 91.3 (79.2-97.6) | 0.712
MELD_Na | 0.868 (0.764 to 0.937) | 12 86.36 (65.1-97.1) | 70.21 (55.1-82.7) | 57.6 (39.2-74.5) | 91.7 (77.5-98.2) | 0.566

Table 2. Diagnostic efficacy of ECV, ALBI, and MELD-Na for controls and subclassified cirrhosis groups. ECV
extracellular volume fraction, ALBI albumin-bilirubin, MELD-Na model of end-stage liver disease with the
incorporation of sodium. *Represents the diagnostic efficacy is statistically significant (p<0.05).

Variable OR | 95% CI p-value
ECV 1.610 | 1.219-2.125 | 0.001
Sex 0.642 | 0.164-2.512 | 0.524
Age 1.019 | 0.958-1.085 | 0.543
Prothrombin time | 1.588 | 0.961-2.627 | 0.071
Bilirubin 1.087 | 0.943-1.253 | 0.251
Albumin 1.018 | 0.832-1.246 | 0.863
AST 1.164 | 1.021-1.328 | 0.024
ALT 0.995 | 0.911-1.087 | 0.906
Creatinine 0.975 | 0.918-1.035 | 0.407
MELD-Na 1.344 | 0.655-2.758 | 0.420

Table 3. Logistic regression analysis of liver cirrhosis patients versus controls.

HRYV. This integrated approach may accurately identify high-risk varices while potentially reducing unnecessary
endoscopic examinations. Related studies demonstrate that ECV had a higher diagnostic efficacy than serum

fibrosis markers in predicting HCC and post-HCC resection liver failure ris

kl 7,31

This study revealed that the ECV values for the normal control group, Child-Pugh A group, Child-Pugh
B group, and Child-Pugh C group were 25.49+3.15, 29.73+3.20, 35.64+3.15, and 45.30+£5.16 respectively.
Notably, there was a statistically significant difference across all groups (F=184.67, P<0.001), which aligns
closely with the findings of Mesropyan et al.. who examined the correlation between magnetic resonance ECV
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values and the severity of liver cirrhosis®2. Furthermore, Wang et al.. observed a significant positive correlation
between liver ECV values measured using spectral CT and liver function classification (r=0.85, P<0.05)%.
Similarly, our study demonstrated a significant positive correlation between ECV and liver function Child-
Pugh classification based on spectral CT measurements (r=0.791, P<0.001). This suggests that as the severity of
liver cirrhosis progresses, there is a continuous increase in the synthesis and deposition of extracellular matrix
proteins, leading to the expansion of the extracellular space and consequently, elevated ECV values. Multivariate
analyses showed that ECV was the factor independently associated with cirrhosis (OR=1.610, P<0.001), and
the analysis of the ROC showed ECV value for diagnosing the control group and cirrhosis group was 0.911 (95%
CI 0.858-0.949), suggesting that ECV can be used as a biomarker for early identification of cirrhosis. Our study
revealed that the area under the curve (AUC) for ECV in discriminating between Child-Pugh A and B, as well
as Child-Pugh B and C, exceeded that of MELD-Na. Notably, CT-based ECV measurement exhibited superior
diagnostic efficacy compared to MELD-Na derived from laboratory tests. This superiority can be attributed to
several factors. Firstly, MELD-Na incorporates diverse laboratory markers in assessing liver function, which may
be influenced by lesions outside the liver and comorbidities unrelated to liver disease, thereby compromising
their specificity. Secondly, utilized in calculating ECV are directly sourced from the liver parenchyma and
normalized with respect to hematocrit, potentially leading to more pure and accurate predictions.

This study has several limitations. First, the retrospective design is inherently subject to selection bias.
Second, the relatively small sample size, particularly the limited number of Child-Pugh C cases, may introduce
sampling bias and limit the generalizability and statistical power of the findings. Third, due to practical
constraints, we opted to inject the contrast agent 180 s after the delay period. However, further investigation is
warranted to determine whether a longer delay period would yield different results in ECV value measurement.
Lastly, while this study encompassed various types of cirrhosis stemming from diverse etiologies, the number
of cases attributed to etiologies other than hepatitis B and hepatitis C was insufficient. Consequently, no further
exploration was conducted to assess potential differences in ECV values among cirrhosis cases with different
etiologies. Future studies should aim to expand the sample size, particularly for Child-Pugh C cases and non-
hepatitis cirrhosis cases.

Conclusion

In this study, the measurement of ECV values utilizing spectral CT jodine concentration maps revealed
significant inter-group disparities between the control group and various Child-Pugh cirrhosis groups. Notably,
a positive correlation was observed between ECV values and Child-Pugh scores. Furthermore, in the ROC
diagnostic performance evaluation, the ECV measurement possess relative advantages. Preliminary evidence
suggests that ECV measurements may provide distinct advantages in specific clinical contexts. Our findings
indicate that ECV values could serve as potential non-invasive biomarkers for cirrhosis severity grading, though
their clinical utility requires validation in larger prospective cohorts with longitudinal outcomes.

Data availability
All relevant data for this study are included within the manuscript. The raw data that support the findings of this
study are available from the corresponding author upon reasonable request.
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