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Three-dimensional organ
segmentation-derived CT
attenuation parameters for
assessing hepatic steatosis in
chronic hepatitis B patients

Jeongin Yoo?, ljin Joo®%23:55 Syn Kyung Jeon?, Junghoan Park® & Eun Ju Cho*

The utility of CT-derived parameters for hepatic steatosis assessment has primarily focused on non-
alcoholic fatty liver disease. This study aimed to evaluate their applicability in chronic hepatitis B
(CHB) through a retrospective analysis of 243 CHB patients. Using deep-learning-based 3D organ
segmentation on abdominal CT scans at 100 kVp, the mean volumetric CT attenuation of the liver and
spleen was automatically measured on pre-contrast (liver (L)_pre and spleen (S)_pre) and post-contrast
(L_post and S_post) portal venous phase images. To identify mild, moderate, and severe steatosis (S1,
S2, and S3 based on the controlled attenuation parameter), L_pre showed areas under the receiver
operating characteristic curve (AUROCs) of 0.695, 0.779, and 0.795, significantly higher than L-S_pre
(0.633, 0.691, and 0.732; Ps=0.02, 0.003, and 0.03). Post-contrast parameters demonstrated slightly
lower AUROCs than their pre-contrast counterparts (Ps=0.15-0.81). Concomitant hepatic fibrosis
influenced diagnostic performance, with CT parameters performing better in patients without severe
fibrosis than those with (F3-4 on transient elastography), though statistical significance was only
observed for L-S_post in severe steatosis (P=0.037). In conclusion, CT attenuation-based parameters
extracted through automated 3D analysis show promise as a tool for assessing hepatic steatosis in
patients with CHB.
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Chronic hepatitis B (CHB) is a major global health concern that causes severe liver-related complications'.
One growing concern among CHB patients, particularly in endemic regions, is concomitant hepatic steatosis,
which is increasingly prevalent and affects approximately 30% of patients with CHB*®. Hepatic steatosis
in these patients results from a combination of viral mechanisms and metabolic risk factors, with the latter
playing a more significant role*. Furthermore, the increasing prevalence of metabolic syndromes and obesity
has contributed to the growing coexistence of hepatic steatosis and CHB®. The clinical implications of hepatic
steatosis in patients with CHB have been studied from various perspectives. It is associated with a higher rate
of hepatitis B surface antigen seroclearance, which may reduce the risk of hepatocellular carcinoma (HCC)®.
However, in these patients, the metabolic abnormalities associated with steatosis independently increase the risk
of HCC, complicating the overall impact of steatosis®. While the presence of hepatic steatosis in patients with
CHB is not directly associated with the severity of liver fibrosis’, it is correlated with worse metabolic profiles and
a higher risk of cardiovascular disease®. Therefore, accurate assessment of steatosis in patients with CHB could
be crucial for predicting patient prognosis and identifying high-risk groups.

B-mode ultrasound is the primary screening modality for the non-invasive assessment of hepatic steatosis;
however, other modalities that provide quantitative measurements, such as transient elastography (TE) with
controlled attenuation parameter (CAP), magnetic resonance imaging proton density fat fraction (MRI-PDFF),
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and quantitative ultrasound, have gained attention, given their good diagnostic performance and high inter-
observer reliability®!°. In contrast, computed tomography (CT) is not typically preferred for evaluating hepatic
steatosis owing to its reliance on ionizing radiation. However, its role as a standard imaging tool for various clinical
conditions has led to the recognition of its potential for opportunistic screening!!. Hepatic steatosis assessment
on CT has traditionally relied on 2D region-of-interest (ROI) measurements, while 3D automated volumetric
analysis has been increasingly utilized in recent studies, both showing favorable diagnostic performance!®.
Indeed, using deep-learning-based organ segmentation, CT-derived 3D parameters for hepatic steatosis can be
automatically extracted from large-scale cohorts!?, and recent studies have highlighted their utility'*!>.

Patients with CHB undergo regular HCC surveillance, primarily using ultrasonography. However, in settings
where ultrasonography is not optimal, CT can be used as an alternative tool'®!”. Moreover, diagnostic CT is
performed when suspicious lesions are found on ultrasonography or when other comorbidities need to be
evaluated. Therefore, if CT, primarily performed for these purposes, is validated as a tool to assess concomitant
hepatic steatosis, it would be useful in assessing and monitoring associated metabolic abnormalities in patients
with CHB. Until now, most studies using CT to evaluate steatosis have focused on nonalcoholic fatty liver disease
(NAFLD), which does not include steatosis associated with viral hepatitis in its definition'®, However, data on
patients with CHB concerning this aspect remain unavailable.

Therefore, we aimed to evaluate the use of CT attenuation-based parameters acquired from automated 3D
organ segmentation to assess hepatic steatosis in patients with CHB.

Materials and methods

This retrospective study was approved by the institutional review board of Seoul National University Hospital
(IRB No. H-2306-112-1439), which waived the requirement for informed consent due to its retrospective nature.
The study was conducted in accordance with the Declaration of Helsinki.

Patients

Using a computerized search of the radiological database and electronic medical records at our institution,
we identified patients with CHB who underwent liver CT scans and TE with CAP between January 2021 and
December 2023 (Fig. 1). The inclusion criteria were as follows: (1) age > 18 years; (2) liver CT scans performed
at 100 kVp; CT attenuation values are affected by tube voltage; therefore, we selected one specific kVp setting
for this study; and (3) a time interval of <60 days between the CT scan and TE. The exclusion criteria were as
follows: (1) definite focal liver lesions (> 1 cm) on CT scans; (2) a history of liver surgery or locoregional therapy;
(3) undergoing splenectomy; and (4) technical failure of TE. The acquisition protocols for liver CT scans and TE
with CAP are described in the Supplementary material.

CT attenuation measurement of the liver and spleen

Using an automated 3D organ segmentation algorithm, volumetric CT attenuation values for the liver and spleen
were measured (Fig. 2). For each patient, measurements were obtained on pre- and post-contrast images. The
portal venous phase was selected for postcontrast imaging because of its broad application in routine practice
and hepatic steatosis research. Additionally, the conventional 2D ROI-based measurement method, which has
been typically used in previous studies, was compared with the 3D approach. A detailed description of each
measurement method is provided below.

Patients with chronic hepatitis B with liver CT scans at 100 kVp and TE with CAP
within 60 days between January 2021 and December 2023 (n=499)

Excluded:

Definite focal liver lesions (>1 cm) on CT scans (n=67)
Prior liver surgery (n=108)

Prior locoregional therapy for liver lesion (n=79)
Prior splenectomy (n=2)

Final study population (n=243)

Fig. 1. Flowchart. TE =transient elastography, CAP = controlled attenuation parameter.
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Fig. 2. Liver CT scan of a 35-year-old man with chronic hepatitis B and severe steatosis, with a controlled
attenuation parameter value of 312. Fully automated 3D segmentation of the liver and spleen was performed
on pre-contrast (a-c) and post-contrast images (d-f). Based on the 3D organ segmentation (a, d: 3D volume
rendering images; b, e: axial images showing liver and spleen segmentation), the volumetric mean CT
attenuation values were automatically measured as follows: L_pre=31.1 HU, S_pre=39.1 HU; L_post=116.4
HU, S_post=143.2 HU. Accordingly, L-S_pre = -8.0 HU and L-S_post = -26.8 HU, indicating severe steatosis.
CT attenuation measurements using the 2D region-of-interest method on axial sections (¢, f) were 35.6 HU
and 42.2 HU for the liver and spleen on the pre-contrast image, and 115.8 HU and 154.5 HU on the post-

contrast image. L=mean CT attenuation values of the liver; S=mean CT attenuation values of the spleen;
L-S=L minus S.
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Figure 2. (continued)

Manual 2D ROI-based measurement

To measure CT attenuation of the liver and spleen using 2D ROIs (Fig. 2), a board-certified radiologist
(BLINDED) placed three circular ROIs in the liver of each patient: one in the left lobe, one in the right anterior
section, and one in the right posterior section. In addition, a single circular ROI was placed in the central portion
of the spleen. This methodology was based on a previous study'. The ROIs were drawn using a picture archiving
and communication system (INFINITT PACS M6; INFINITT Healthcare). Care was taken to ensure that the
ROIs, measuring 250-300 mm?, were placed in regions that avoided vessels, focal lesions, and other causes of
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heterogeneity, including artifacts. Initially, the ROIs were drawn on the post-contrast images and transferred to
the corresponding pre-contrast images to ensure consistent anatomical positioning across both sets of images.
The average of the mean HU values of the three liver ROIs was calculated separately for the pre- and post-
contrast images and denoted as L_pre and L_post, respectively. Similarly, the mean HU values of the spleen ROI
were denoted as S_pre and S_post.

Volumetric measurement using a 3D multi-organ segmentation algorithm

A commercially available multi-organ segmentation program (DeepCatch v1.3.0, MEDICAL IP Co. Ltd.),
developed based on the 3D nnU-Net al.gorithm, was used to obtain volumetric CT attenuation measurements
for the liver and spleen from the CT Digital Imaging and Communications in Medicine (DICOM) files. This
program automatically segmented the liver and spleen, generating a 3D mask representing these organs'’, and
then computed the volumetric mean of the CT attenuation values for the liver and spleen (L_pre and S_pre)
on pre-contrast images and L_post and S_post on post-contrast images using all designated voxels from the
respective images.

CT attenuation-based parameters for assessing hepatic steatosis

Following previous studies’®?!, L_pre and liver-minus-spleen [L-S]_pre on pre-contrast images and L_post and
L-S_post on post-contrast images were examined as CT attenuation-based parameters for assessing hepatic
steatosis.

Transient elastography with controlled attenuation parameters

Hepatic steatosis grades were determined based on CAP values, following the cutoff thresholds from a previous
meta-analysis?%: <248 dB/m for SO (no steatosis), 248-267 dB/m for S1 (mild steatosis), 268-279 dB/m for S2
(moderate steatosis), and =280 dB/m for S3 (severe steatosis). These CAP grades correspond to the pathological
grades of hepatic steatosis: SO with fatty changes in <5% of the hepatocytes, S1 in 5-33%, S2 in 34-66%, and S3
in >66%.%3 CAP has limitations, such as accuracy being influenced by factors like body mass index; however, it
is often used as a standard reference for assessing hepatic steatosis in clinical and research settings, with reported
areas under the receiver operating characteristic (ROC) curve (AUROC) of 0.96, 0.82 and 0.70 for S1, S2, and
S3, respectively?. Hepatic fibrosis grades were determined using liver stiffness measurement (LSM) values based
on the cutoff thresholds suggested in a multicenter prospective study of patients with CHB?: <7.2 kPa for F0 or
F1 (no or mild fibrosis), > 7.2 kPa and <8.1 kPa for F2 (significant fibrosis), > 8.1 kPa and < 11 kPa for F3 (severe
fibrosis), and =11 kPa for F4 (cirrhosis).

Statistical analysis
All statistical analyses were performed using the IBM SPSS Statistics for Windows (version 29.0; IBM Corp) and
MedCalc Statistical Software (version 18.9.1, MedCalc Software bvba). Statistical significance was set at p <0.05.

The agreement between volumetric and manual ROI-based measurements of CT attenuation values of the
liver and spleen was assessed using the intraclass correlation coefficient (ICC) and Bland-Altman analysis.
According to the ICC estimates, values * 0.5, 0.5-0.75, 0.75-0.9, and ” 0.90 indicated poor, moderate, good, and
excellent agreements, respectively.

Volumetric CT attenuation-based parameters for hepatic steatosis (L_pre, L-S_pre, L_post, and L-S_post)
were evaluated to detect mild, moderate, and severe hepatic steatosis (S1, S2, and S3, respectively, based on
CAP values) using ROC curve analysis. Additionally, the diagnostic performance of volumetric parameters was
compared with that of 2D ROI-based measurements to assess differences between the two approaches. The
AUROC:s were used to assess diagnostic performance and were compared between the CT parameters using
z-statistics. Cutoff values of CT parameters for identifying mild, moderate, and severe steatosis were determined
to maximize the Youden index, achieving > 80% sensitivity, and >80% specificity, respectively. The corresponding
sensitivity and specificity values were then computed. Additionally, using z-statistics, the effect of hepatic fibrosis
by comparing the AUROC: of patients with severe hepatic fibrosis (F3 to F4 based on LSM values) with those
without severe fibrosis (FO to F2).

Results

Patient characteristics

The final study population comprised 243 patients with CHB (119 men; mean age, 57.9 years). Based on the
CAP values, 71 (29.2%) had hepatic steatosis (S1 to S3). According to the LSM values, 70 (28.8%) patients had
severe fibrosis (F3 or F4), whereas the remaining 173 did not. Table 1 shows the detailed patient characteristics.

Agreements between volumetric and 2D ROI-based measurements
For the liver, volumetric measurements of L_pre and L_post showed excellent agreements with their ROI-based
counterparts, with ICC values of 0.947 (95% confidence interval [CI]: 0.932-0.959) and 0.949 (95% CI: 0.934-
0.960), and mean differences of -3.1 HU and — 0.5 HU, respectively (Supplementary Fig. 1).

However, for the spleen, the volumetric measurements of S_pre and S_post demonstrated good agreements
with their ROI-based counterparts, with ICC values of 0.840 (95% CI: 0.794-0.876) and 0.894 (95% CI: 0.864-
0.918), and mean differences of -5.1 HU and — 8.0 HU, respectively (Supplementary Fig. 1).

Diagnostic performance of volumetric CT parameters for hepatic steatosis

Of pre-contrast CT parameters, L_pre showed AUROCs of 0.695, 0.779, and 0.795, for identifying mild,
moderate, and severe steatosis, respectively, which were significantly higher than those of L-S_pre (0.633, 0.691,
and 0.732; Ps=0.02, 0.003, and 0.03, respectively) (Table 2) (Supplementary Fig. 2).

Scientific Reports |

(2025) 15:11747 | https://doi.org/10.1038/s41598-025-96053-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Characteristics (n=273)

Value

Age (y), mean *SD (range)

57.9+10.7 (30-86)

Sex
Male 119 (49.0)
Female 124 (51.0)

Liver stiffness measurements (kPa)

Mean + SD (range)

8.2+7.5 (3.2-39.5)

Fibrosis grades

FO or F1 (<7.2 kPa) 162 (66.7)
F2 (=7.2 kPaand <8.1 kPa) 11 (4.5)
F3 (8.1 kPaand <11 kPa) 33(13.6)
F4 (=11 kPa) 37 (15.2)

Controlled attenuation parameter measurements (dB/m)

Mean + SD (range)

225452 (103-374)

Steatosis grades

S0 (<248 dB/m) 172 (70.8)
S1 (2248 dB/m and <268 dB/m) 28 (11.5)
S2 (2268 dB/m and <280 dB/m) 10 (4.1)
$3 (2280 dB/m) 33(13.6)

Table 1. Characteristics of the study population. Note. — Unless otherwise specified, data are number of
patients with percentages in parentheses. SD, standard deviation.

Hepatic steatosis grades
Volumetric CT par s | Atleast mild At least moderate | Severe
AUROC (95% CI)
L_pre 0.695 (0.633-0.752) | 0.779 (0.722-0.830) | 0.795 (0.738-0.844)
L-S_pre 0.633 (0.569-0.694) | 0.691 (0.629-0.749) | 0.732 (0.672-0.787)
L_post 0.681 (0.619-0.739) | 0.712 (0.651-0.768) | 0.744 (0.685-0.798)
L-S_post 0.623 (0.559-0.684) | 0.675 (0.612-0.733) | 0.698 (0.636-0.755)
P values”
L_pre vs. L-S_pre 0.02 0.003 0.03
L_post vs. L-S_post 0.20 0.42 0.29
L_pre vs. L_post 0.74 0.15 0.31
L-S_pre vs. L-S_post 0.81 0.74 0.54

Table 2. Diagnostic performances of CT attenuation-based parameters for assessing hepatic steatosis. Note.
- AUROQ, area under the receiver operating characteristic curve; CI, confidence interval; L_pre and L_post
refer to the mean liver HU on pre- and post-contrast CT images, respectively; L-S_pre and L-S_post refer to
the difference in mean HU between the liver and spleen on pre- and post-contrast CT images, respectively.
"Calculated using z-statistics.

Of post-contrast CT parameters, L_post showed slightly higher AUROCs compared with those of L-S_post
for detecting mild (0.681 vs. 0.623), moderate (0.712 vs. 0.675), and severe steatosis (0.744 vs. 0.698). However,
these differences were not statistically significant (P=0.20, 0.42, and 0.29, respectively) (Table 2) (Supplementary
Fig. 2).

For all grades of steatosis, pre-contrast CT parameters showed slightly higher AUROCs than post-contrast
counterparts; however, the differences were not statistically significant (Ps=0.15-0.81) (Table 2).

Cutoff values of each CT parameters for mild, moderate, and severe steatosis are described in Supplementary
Table 1.

Comparison with 2D ROI-based parameters
For the assessment of all degrees of hepatic steatosis, the AUROCs of volumetric parameters did not differ
significantly from those of 2D ROI-based measurements (Ps=0.11-0.90) (Supplementary Table 2).

Effect of hepatic fibrosis on diagnostic performance of CT parameters for hepatic steatosis

In the comparative analysis between patients with and without severe fibrosis, all assessed CT parameters
consistently showed lower AUROCs in patients with severe fibrosis than in those without severe fibrosis
(Table 3). These differences were not statistically significant across all parameters for detecting mild (Ps=0.15-
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AUROC (95% CI)
Hepatic steatosis grades | CT parameters | Patients with severe fibrosis (n=70) | Patients without severe fibrosis (n=173) | P-value’
L_pre 0.645 (0.521-0.756) 0.698 (0.623-0.765) 0.56
. L-S_pre 0.568 (0.444-0.686) 0.634 (0.557-0.706) 0.48
Mild L_post 0.623 (0.499-0.736) 0.694 (0.620-0.762) 0.40
L-S_post 0.516 (0.394-0.638) 0.642 (0.566-0.713) 0.15
L_pre 0.676 (0.554-0.783) 0.804 (0.737-0.861) 0.22
Moderate L-S_pre 0.616 (0.492-0.730) 0.707 (0.633-0.773) 0.43
L_post 0.621 (0.497-0.734) 0.744 (0.673-0.808) 0.19
L-S_post 0.564 (0.440-0.682) 0.706 (0.633-0.773) 0.15
L_pre 0.659 (0.536-0.769) 0.843 (0.781-0.894) 0.13
Severe L-S_pre 0.687 (0.565-0.793) 0.742 (0.670-0.806) 0.66
L_post 0.706 (0.585-0.809) 0.755 (0.684-0.817) 0.58
L-S_post 0.525 (0.402-0.646) 0.765 (0.695-0.826) 0.037

Table 3. Comparison of diagnostic performance of CT attenuation-based parameters for assessing hepatic
steatosis between patients with and without severe fibrosis. Note. - AUROC, area under the receiver operating
characteristic curve; CI, confidence interval; L_pre and L_post refer to the mean liver HU on pre- and post-
contrast CT images, respectively; L-S_pre and L-S_post refer to the difference in mean HU between the liver
and spleen on pre- and post-contrast CT images, respectively. "Calculated using z-statistics.

0.56) or moderate steatosis (Ps=0.15-0.43) (Table 3). However, a statistically significant difference was observed
in the detection of severe steatosis using L-S_post, with patients with severe fibrosis demonstrating significantly
lower AUROCS than those without severe fibrosis (0.53 vs. 0.77, P=0.037), although no significant differences
were found for L_pre, L-S_pre, or L_post (Table 3).

Discussion

In our study, we demonstrated that volumetric CT attenuation-based parameters acquired using a fully
automated 3D segmentation tool exhibited promising potential for detecting and grading hepatic steatosis in
patients with CHB, though their diagnostic performance to be modest. Our results suggest that in patients
with CHB, where CT scans are frequently used for surveillance or diagnostic purposes, CT attenuation-based
parameters derived from 3D segmentation could be a valuable tool for evaluating hepatic steatosis. This result
can be explained by the underlying phenomenon in fatty livers, where the liver’s CT attenuation value decreases,
and enhancement is reduced?®, which is consistent with previous studies demonstrating the applicability of these
changes as quantitative parameters!*2!. Our study is novel because, whereas other analyses have primarily been
applied within the context of conventional NAFLD, our results support extending the use of 3D CT analysis for
assessing steatosis to a broader range of conditions, including CHB.

In our study, comparing liver and spleen CT attenuation based on different measurement methods, volumetric
CT attenuation parameters showed good-to-excellent agreement with ROI-based parameters, as indicated by
the high ICC values. However, volumetric measurements were slightly lower than ROI-based measurements,
which are consistent with previous studies'. This discrepancy may be owing to manual ROI placement, which
deliberately selects visually homogeneous areas, whereas volumetric measurements encompass the entire
organ volume. These results suggest that the 2D ROI-based and 3D volumetric measurements have systematic
differences and are not fully interchangeable. Therefore, the interpretation and cutoff values should consider this
difference.

For volumetric pre-contrast parameters, our results demonstrated higher AUCs for L_pre than for L-S_pre,
despite the latter being designed to improve reliability by using the spleen as an internal reference to detect
any degree of hepatic steatosis. Notably, both parameters have been widely used as indicators of steatosis in
various studies”’, and studies comparing them have shown similar efficacy'*?®. However, in our study, L_pre
was superior, which may be attributed to the differences in the study populations from previous studies: patients
with CHB patients versus healthy participants. In patients with CHB, the accompanying portal hypertension can
lead to splenomegaly, which could affect the CT attenuation value of the spleen. Our study found a significant
positive correlation between splenic volume and S_pre (r=0.297, P<0.001) (data not shown). Therefore, using
spleen HU for normalization might have reduced the diagnostic performance compared with using liver HU
alone, especially in settings where such factors may impact spleen attenuation. Regarding post-contrast CT
parameters, L-S_post also showed slighlty lower AUCs than L_post. This finding is consistent with that of a
recent study in healthy participants?® which demonstrated the superiority of L_post over L-S_post in detecting
moderate steatosis using CT. Our results suggest that evaluating steatosis in patients with CHB might be more
appropriate using liver attenuation alone for pre- and post-contrast CT imaging.

Our study results demonstrated the reduced diagnostic performance of CT parameters in patients with severe
fibrosis; however, statistical significance was found only when using L-S_post for detecting severe steatosis,
suggesting that fibrosis may influence CT attenuation values. This observation is consistent with previous
studies, indicating that liver CT attenuation increases with hepatic fibrosis®. CT attenuation typically correlates
with steatosis; however, the presence of fibrosis may reduce its accuracy in assessing steatosis. These findings
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emphasize the need to consider the fibrosis grade when using CT attenuation to evaluate steatosis in patients
with chronic liver disease or cirrhosis. Future research should explore these interactions more thoroughly using
multiparametric MRI assessments. Additionally, as CT radiomics features have been reported to be associated
with fibrosis*®3!, a comprehensive analysis of CT quantitative parameters could be beneficial. This approach
could help identify suitable patient groups for hepatic steatosis evaluation using CT, even in the presence of
underlying liver disease, or enable independent prediction of steatosis through multivariate analysis.

This study has some limitations. First, a potential selection bias is unavoidable owing to its retrospective
nature. Our study population, which underwent liver CT, might have included patients at a high risk of HCC
occurrence or those with poor ultrasound visibility, considering that most patients with CHB patients undergo
surveillance ultrasonography rather than CT. Therefore, further prospective investigations are warranted to
confirm the results of our study in the general population with CHB. Second, the CAP was used as a reference
standard for hepatic steatosis. TE with CAP is widely used in patients with CHB, allowing the simultaneous
evaluation of fibrosis and steatosis; however, the cutoff value of CAP is not well standardized and varies across
studies®. Moreover, although CAP performs well in diagnosing mild steatosis, its accuracy tends to decline
when diagnosing moderate or higher grades of steatosis®*. Therefore, further evaluation using a well-established
standard reference for hepatic steatosis, such as MRI-PDFF, would be necessary. Finally, our study included
CT scans obtained at 100 kVp, which was selected considering that CT attenuation values are influenced by
kVp settings. However, various kVp settings are clinically utilized; therefore, additional research is required to
establish applicable cutoff values across different scan settings to ensure a broader generalization.

In conclusion, CT attenuation-based parameters acquired through automated 3D organ segmentation show
promise as a tool for assessing hepatic steatosis in patients with CHB. ,

Data availability
The data used to support the findings of this study are available from the corresponding author on reasonable
request.
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