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Abstract—This study was aimed at investigating the clinical feasibility of quantitative ultrasound (QUS) imaging
in the evaluation of suspected hepatic steatosis through assessment of the reliability of measurements and its cor-
relation with the controlled attenuation parameter (CAP). This retrospective study included 117 patients who
underwent liver B-mode ultrasound (US) with QUS imaging with a clinical US machine (RS85, Samsung Medi-
son, Seoul, Korea) and CAP measurements between December 2019 and March 2020. For QUS examination,
tissue attenuation imaging (TAI) and tissue scatter-distribution imaging (TSI) parameters were obtained. Intra-
and inter-examiner reliability were assessed using intra-class correlation coefficients (ICCs), and QUS imaging
parameters were correlated with CAP measurements using Spearman’s correlation analysis. TAI and
TSI revealed excellent intra- and inter-examiner reliability with ICCs of 0.994 and 0.975 and 0.991 and 0.947,
respectively. Both TAI and TSI were significantly positively correlated with CAP values. QUS imaging provided
good intra-and inter-observer reliability and correlated well with CAP in assessing suspected hepatic steatosis.
(E-mail: jmsh@snu.ac.kr) © 2020 World Federation for Ultrasound in Medicine & Biology. All rights reserved.
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INTRODUCTION

Hepatic steatosis is a major histologic feature of non-

alcoholic fatty liver disease (NAFLD) and is associated

with other chronic liver diseases, including chronic viral

hepatitis or alcoholic liver disease (Ma et al. 2009).

Although percutaneous liver biopsy remains the gold

standard for hepatic steatosis, it has associated complica-

tions, sampling errors and inter-reader variability

(Bravo et al. 2001; Wildman-Tobriner et al. 2018).

Hence, biopsy is performed only when strictly necessary,

and non-invasive diagnostic tools for hepatic steatosis

are urgently required (Rinella 2015; Zhou et al. 2019).

Non-invasive tools that are developed and used for

assessing hepatic steatosis include various imaging tools,

including ultrasound (US), the controlled attenuation

parameter (CAP), magnetic resonance (MR) spectros-

copy and the MR-proton density fat fraction (PDFF)

(Wildman-Tobriner et al. 2018). Among these, US is
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commonly the first-line imaging test in patients with sus-

pected NAFLD (McCarthy and Stroud 1989); it provides

good sensitivity and specificity for moderate to severe

steatosis (sensitivity = 84.8% and specificity = 93.6%)

(Hernaez et al. 2011). However, US also has the follow-

ing limitations: insufficient objectivity, inter-observer

variability, system variability and limited diagnostic per-

formance in detecting mild steatosis <20% (sensitiv-

ity = 65.0% and specificity = 81.0%) or steatosis in

individuals with morbid obesity (Dasarathy et al. 2009;

Hernaez et al. 2011; Chalasani et al. 2018).

In recent years, quantitative ultrasound (QUS), such

as the ultrasonic attenuation coefficient and backscatter

coefficient, derived from the raw radiofrequency echo

data, has been considered as a non-invasive tool in objec-

tive assessment of hepatic steatosis (Lin et al. 2015;

Paige et al. 2017; Han et al. 2018; Tada et al. 2019). In

our recent study, two QUS parameters (tissue scatter-dis-

tribution imaging [TSI] and tissue attenuation imaging

[TAI]) of the liver parenchyma were derived from radio-

frequency echo data and exhibited good diagnostic per-

formance for predicting hepatic steatosis in patients with
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chronic liver disease (Jeon et al. 2020) Currently, these

are approved for clinical use in a commercially available

US system (RS85, Samsung Medison, Seoul, Korea).

TSI is measured by averaging the Nakagami shape pixels

in the region of interest (ROI). Therefore, the TSI map

represents the regional concentration and distribution of

US scatterers (Tsui et al. 2015; Wan et al. 2015). TAI is

obtained by calculating the slope of the US center fre-

quency downshifts with depth. It estimates the attenua-

tion in the ROI (Kim and Varghese 2007). However,

little is known about the clinical feasibility and reproduc-

ibility of TAI and TSI in a clinically available US system

(RS85 A) for hepatic steatosis.

This study was aimed at investigating the clinical

feasibility of QUS imaging in evaluating hepatic steato-

sis by assessing its reliability and correlation with CAP.
METHODS

Study population

This retrospective study was approved by the insti-

tutional review board, and written informed consent was

waived. We included 117 patients who underwent both

B-mode US examination, including QUS (TAI and TSI),

and transient elastography (TE) with CAP on the same

day between December 2019 and March 2020. The indi-

cations for US examinations were as follows: suspected

NAFLD (n = 57), suspected chronic liver disease or liver

cirrhosis for surveillance of hepatocellular carcinoma

(n = 30), workup for the evaluation of hepatic metastasis

(n = 11) and health checkup (n = 19).
Acquisition of B-mode and quantitative US

Participants were requested to fast for at least 6 h

before B-mode US. One board-certified radiologist (J.M.

L., with 27 y of experience in abdominal imaging) per-

formed conventional gray-scale US with QUS imaging

using a clinical US system (RS85 A) with a convex

probe (CA1-7 A). Routine B-mode liver US images

were obtained during a breath-hold using subcostal and

intercostal planes and stored for evaluation of the visual

grade of hepatic steatosis.

Thereafter, two sessions of QUS examinations were

performed on the same day in each patient, and each ses-

sion acquired five consecutive measurements of the

attenuation coefficient (AC) at TAI and scatter-distribu-

tion coefficient (SC) at TSI. First, during breath-hold, B-

mode images were acquired from the right lobe of the

liver in the intercostal plane near the level of the hepatic

hilum. Subsequently, with the selection of a function key

for TAI or TSI, a 2£ 3-cm ROI with a color-coded map

was generated and overlaid on the B-mode image.

Avoiding areas with large vessels, focal fat sparing or

deposition and reverberation artifacts or shadowing, the
ROI box was placed in a relatively homogeneous region

in the right lobe of the liver at least 2 cm below the liver

capsule (Yoo et al. 2019). Areas with significant errors

in the calculation of parameters, such as vascular struc-

tures, were automatically excluded from the maps. The

AC at TAI and SC at TSI of the ROI were automatically

calculated, and their R2 values were provided (Fig. 1).

According to the vendors’ recommendation, the radiolo-

gist attempted to obtain color maps with an R2 value

�0.6. The mean values of AC at TAI and SC at TSI in

each session were used for analysis. Additionally, the

mean values of TAI and TSI between the two sessions

were used to calculate intra-observer reproducibility.

Furthermore, as one session of QUS measurement was

performed by another radiologist (S.K.J., with 6 y of

experience in liver imaging) in the initial period of using

QUS, those data were used to evaluate inter-observer

reliability.

Visual scoring of hepatic steatosis on B-mode US

All stored B-mode US images were independently

reviewed by two radiologists (J.M.L. and S.K.J.). If any

interpretations revealed discrepancies between the radiol-

ogists, they re-evaluated the images together and reached

a consensus. Hepatic steatosis was diagnosed based on

known US findings, including increased parenchymal

echogenicity, hepatorenal echo contrast, impaired visuali-

zation of the diaphragm line and intrahepatic portal vein

wall and deep attenuation of the liver parenchymal echo

(Ballestri et al. 2012). Additionally, the severity of hepatic

steatosis was qualitatively scored on a 4-point scale using

the Hamaguchi scoring system (Hamaguchi et al. 2007),

with scores of 0, 1, 2 and 3 indicating no, mild, moderate

and severe steatosis, respectively.

Transient elastography with CAP

On TE (Fibroscan, Echosens, Paris, France), CAP

(in dB/m) and liver stiffness (in kPa) were measured

using an M probe based on the manufacturer’s recom-

mendations (Zhang et al. 2020). For each participant, the

median of 10 valid measurements was considered repre-

sentative of CAP and liver stiffness measurement

(LSM), respectively (Chon et al. 2014). Both CAP and

LSM were considered reliable if the 10 valid measure-

ments had an interquartile range/median <0.3

(Castera et al. 2008; Semmler et al. 2020). CAP values

were used to determine hepatic steatosis grades based on

the cutoff values suggested in previous study

(Chon et al. 2014): 0�250 dB/m for S0 (no steatosis),

>250 dB/m for S1 (mild steatosis), >299 dB/m for S2

(moderate steatosis) and >327 dB/m for S3 (severe stea-

tosis). LSM values on TE were used to determine hepatic

fibrosis grades by applying the cutoff values suggested in

a previous study (Cast�era et al. 2005): 0�7.1 kPa for



Fig. 1. Example of quantitative ultrasound (QUS) imaging including tissue attenuation imaging (TAI) and tissue scatter-
distribution imaging (TSI). After acquisition of an adequate sonic window on the B-mode ultrasound image (a), QUS
examinations including TAI (b) and TSI (c) were performed. The level of attenuation (a) and Nakagami parameters (b)
are color-coded and displayed in the region of interest of the TAI map (a) and TSI map (b), respectively. The ultrasound
system automatically displays the attenuation coefficient (AC) at TAI parameter with the coefficient of determination

(R2 value) (b) and scatter-distribution coefficient (SC) at TSI (c), respectively.
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�F1 (no or mild fibrosis), >7.1 kPa for �F2 (significant

fibrosis), >9.5 kPa for �F3 (severe fibrosis), and >12.5

kPa for F4 (cirrhosis).

Statistical analyses

Independent sample t-tests and x2-tests were used

for comparison of continuous variables and categori-

cal variables between patients with reliable and unreli-

able CAP values, respectively. Intra- and inter-

observer reliability was assessed using the intra-class
correlation coefficients (ICCs) and interpreted as fol-

lows: �0.90, excellent; �0.75 to <0.90, good; �0.50

to <0.75, moderate; and <0.50, poor reliability

(Koo and Li 2016). The coefficient of variation (CV)

was also calculated to provide an additional estimation

of intra- and inter-observer reliability, with a small CV

value indicating more reliable measurements (Bland

and Altman 1986). Subgroup analysis of intra-

observer reliability according to sex (male/female),

body mass index (BMI) (<25 kg/m2 or �25 kg/m2),



Table 1. Patient characteristics (N = 117)

Characteristic No. of patients

Age (y), mean § SD (range) 54.8 § 14.0 (18�86)*
Sex (male:female) 52 (44.4%):65 (55.6%)
Body mass index (kg/m2) 24.6 § 3.7 (16.9�34.9)
Skin-liver capsule distance (mm) 18.3 § 3.8 (10.7�28.9)
Aspartate aminotransferase (IU/L) 32.9 § 46.7 (14�101)
Alanine aminotransferase (IU/L) 40.8 § 61.8 (6�131)
Hepatic fibrosis grade
<F2 (without significant hepatic fibrosis,

�7.1 kPa on TE)
85 (87.6%)

�F2 (with significant hepatic fibrosis,
>7.1 kPa on TE)

12 (12.4%%)

Visual hepatic steatosis grade
S0 37 (31.6%)
S1 24 (20.5%)
S2 42 (35.9%)
S3 11 (9.4%)

Hepatic steatosis grades based on CAP (N = 97)*
S0 (�250 dB/m on CAP) 34 (35.1%)
S1 (>250 to �299 dB/m on CAP) 26 (26.8%)
S2 (>299 to �327 dB/m on CAP) 17 (17.5%)
S3 (>327 dB/m on CAP) 20 (20.6%)

Values are expressed as the mean § standard deviation (range) or
number (%) unless otherwise specified.
TE = transient elastography; CAP = controlled attenuation parameter.
* CAP-related analysis was performed only in patients with reliable

CAP measurement (N = 97).
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skin-to-capsule distance (<20 mm or �20 mm), visual

hepatic steatosis grade (<S2 or �S2), hepatic steatosis

grade based on CAP value (<S2 or �S2) and hepatic

fibrosis grade (<F2 or �F2) was performed using ICC

estimates with 95% confidence intervals and their

CVs. The F-test was used to compare CVs.

Correlations between SC at TSI or AC at TAI and

visual grades of hepatic steatosis or CAP values were

assessed using Spearman’s rank correlation analysis.

Spearman’s correlation coefficient (r) was interpreted

as follows: |r| >0.5, strong correlation; |r| = 0.3�0.5,

moderate correlation; and |r| <0.3, weak correlation

(Kobus et al. 2016). As the Kolmogorov�Smirnov

test revealed that AC at TAI and SC at TSI did not fol-

low a normal distribution, US parameters of different

steatosis grades were compared with the Krus-

kal�Wallis test followed by Dunn’s post hoc test. In

Dunn’s post hoc test, a Bonferroni-adjusted p value

<0.017 (0.05/3) was considered to indicate statistical

significance as three pairwise comparisons between

adjacent grades were performed.

Statistical analyses were performed using Med-

Calc 16.4.1 (MedCalc Software, Ostend, Belgium)

and the Statistical Package for the Social Sciences,

Version 25.0 (IBM Corp. Armonk, NY, USA). A

p value < 0.05 was considered to indicate statistical

significance, except for the aforementioned pairwise

comparison tests.
Table 2. Intra-observer and inter-observer reliability of TAI
and TSI

Parameter AC at TAI SC at TSI

Intra-observer reliability (N = 97)
Intra-class correlation

coefficient
0.994
(0.991�0.996)

0.975
(0.963�0.984)

Coefficient of
variation (%)

2.2 (1.8�2.5) 3.1 (2.6�3.6)

Inter-observer
reliability (N = 20)
Intra-class correlation

coefficient
0.991
(0.977�0.996)

0.947
(0.867�0.979)

Coefficient of variation (%) 2.7 (1.8�3.6) 3.1 (2.1�4.1)

Values in parentheses are 95% confidence intervals. AC= attenua-
tion coefficient, TAI = tissue attenuation imaging, SC = scatter-distri-
bution coefficient, TSI = tissue scatter-distribution imaging.
RESULTS

Study population

A total of 117 patients (52 men and 65 women; age,

mean § standard deviation [SD]: 54.8 § 14.0 y; and

BMI, mean § SD: 24.6 § 3.7 kg/m2) were included.

Patient characteristics are summarized in Table 1. As 97

patients underwent two examinations by a single opera-

tor, while 20 patients underwent examinations by two

operators, data from 97 and 20 patients were used to

evaluate intra- and inter-observer reliability, respec-

tively. Of the 117 patients, only 97 patients had reliable

CAP and liver stiffness (LS) measurements. Therefore,

the CAP- or LS-related analysis was performed in 97

patients. Of the 97 patients with reliable CAP values,

patients were classified as having S0, S1, S2 and S3

based on CAP values in 34, 26, 17 and 20, respectively.

Based on LSM values on TE, 12 patients (12.4%) were

categorized as having significant hepatic fibrosis (�F2).

Patients with unreliable CAP values (n = 20) had signifi-

cantly lower BMI (22.6 § 3.0 kg/m2 vs. 24.9 § 3.7 kg/

m2, p = 0.011) and smaller skin-to-liver distance (16.0 §
2.8 mm vs. 18.8 § 3.7 mm, p = 0.001). There were no

significant differences in age and sex between patients

with and without reliable CAP values (p > 0.05).
Intra- and inter-observer reliability in TSI and tissue

attenuation imaging

The intra-observer reliabilities of TAI and TSI of

the liver parenchyma were both excellent, with ICCs of

0.994 and 0.975 and CVs of 2.2% and 3.1%. The inter-

observer reliability of TAI and TSI was also excellent,

with ICCs of 0.991 and 0.947 and CVs of 2.7% and

3.1% (Table 2). Moreover, CVs were not associated with

sex, BMI, skin-to-capsule distance, hepatic fibrosis grade

or hepatic steatosis grade (p > 0.05; Table 3).



Table 3. Subgroup analysis of intra-observer reliability of TAI and TSI (n = 97)

Variable ACat TAI SC at TSI

ICC CV (%) p Value ICC CV (%) p Value

Sex 0.526 0.991
Male (n = 43) 0.995 (0.991�0.997) 2.0 (1.6�2.5) 0.969 (0.943�0.983) 3.0 (2.4�3.7)
Female (n = 54) 0.993 (0.988�0.996) 2.2 (1.8�2.6) 0.979 (0.964�0.988) 3.0 (2.5�3.7)

Body mass index (kg/m2) 0.217 0.649
<25 (n = 59) 0.992 (0.987�0.995) 2.3 (1.8�2.7) 0.978 (0.962�0.987) 3.0 (2.4�3.5)
�25 (n = 38) 0.995 (0.990�0.997) 1.9 (1.4�2.3) 0.947 (0.898�0.972) 3.2 (2.4�3.9)

Skin-to-capsule distance (mm) 0.144 0.724
<20 (n = 70) 0.992 (0.987�0.995) 2.2 (1.9�2.6) 0.976 (0.961�0.985) 3.1 (2.6�3.6)
�20 (n = 27) 0.995 (0.990�0.998) 1.7 (1.3�2.2) 0.942 (0.873�0.974) 2.9 (2.1�3.7)

Visual hepatic steatosis grade 0.096 0.379
<S2 (n = 56) 0.972 (0.953�0.984) 2.4 (1.9�2.8) 0.959 (0.930�0.976) 3.2 (2.6�3.8)
�S2 (n = 41) 0.993 (0.987�0.996) 1.9 (1.3�2.5) 0.920 (0.849�0.957) 2.8 (2.2�3.5)

Hepatic steatosis grade based
on CAP (N = 78)

0.052 0.067

<S2 (n = 53) 0.978 (0.962�0.987) 2.6 (1.4�3.4) 0.951 (0.916�0.972) 4.1 (3.1�4.9)
�S2 (n = 25) 0.995 (0.988�0.998) 1.8 (0.9�2.3) 0.913 (0.804�0.962) 2.9 (2.0�3.5)

Hepatic fibrosis grade (N = 78) 0.747 0.831
<F2 (without significant fibrosis)
(n = 67)

0.994 (0.990�0.996) 2.0 (1.4�2.5) 0.963 (0.940�0.978) 3.8 (3.0�4.4)

�F2 (with significant fibrosis)
(n = 11)

0.997 (0.988�0.999) 2.1 (0.4�2.9) 0.972 (0.894�0.992) 3.5 (0.0�5.4)

Values in parentheses are 95% confidence intervals. p values are derived from comparison of coefficients of variation of subgroups.
AC= attenuation coefficient; TAI = tissue attenuation imaging; SC = scatter-distribution coefficient; TSI = tissue scatter-distribution imaging;

ICC = intraclass correlation coefficient; CV = coefficient of variation.
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Correlation of QUS parameters with visual grades of

hepatic steatosis scores and CAP values

Tissue attenuation imaging and tissue scatter-distribu-

tion imaging parameters based on visual hepatic steatosis

grades or hepatic steatosis grades based on CAP values are

given in Table 4 and Figure 2. Both TAI and TSI parame-

ters significantly correlated with visual grades of hepatic

steatosis (r = 0.883 and 0.788, 95% confidence inter-

vals = 0.836�0.918 and 0.708�0.848, respectively, p <

0.001). Additionally, both TAI and TSI parameters
Table 4. US parameters according to hepatic steatosis grades

Hepatic steatosis grade AC at TAI
(dB/cm/MHz)

SC at TSI

Visual steatosis grade (N = 117)
S0 (n = 37) 0.66 § 0.05 69.4 § 7.2
S1 (n = 24) 0.75 § 0.07 77.4 § 7.4
S2 (n = 42) 0.88 § 0.09 87.8 § 5.9
S3 (n = 11) 1.11 § 0.13 90.3 § 4.5

Steatosis grade based
on CAP value (N = 97)*
S0 (n = 34) 0.69 § 0.07 72.2 § 8.2
S1 (n = 26) 0.81 § 0.07 83.6 § 8.1
S2 (n = 17) 0.85 § 0.12 88.1 § 7.0
S3 (n = 20) 1.03 § 0.13 89.4 § 3.9

Values are expressed as the mean § standard deviation.
CAP = controlled attenuation parameter; AC= attenuation coefficient;

TAI = tissue attenuation imaging; SC = scatter-distribution coefficient;
TSI = tissue scatter-distribution imaging.

* CAP-related analysis was performed only in patients with a reli-
able CAP measurement (N = 97).
significantly correlated with CAP values (r = 0.799 and

0.679, and 95% confidence intervals = 0.713�0.861 and

0.555�0.774, respectively, p< 0.001).

By use of visual hepatic steatosis grades, both AC at

TAI and SC at TSI significantly differed according to

steatosis grade (p <0.001). In comparisons of each stea-

tosis grade, both AC at TAI and SC at TSI significantly

differed between S0 and S1 or between S1 and S2 (p val-

ues <0.001). On the contrary, only AC at TAI signifi-

cantly differed between S2 and S3 (p < 0.001), while SC

at TSI did not exhibit a significant difference (p = 0.199).

When hepatic steatosis grades based on CAP values

were used, both AC at TAI and SC at TSI significantly

differed according to steatosis grade (p < 0.001). When

S0 and S1 were compared, both AC at TAI and SC at

TSI significantly differed (p < 0.001), while AC at TAI

and SC at TSI did not significantly differ between S1

and S2 (p > 0.999 and 0.434, respectively) or between

S2 and S3 (p = 0.053 and p > 0.999, respectively).
DISCUSSION

This study found that AC at TSI and SC at TSI

measurements have excellent intra- and inter-observer

reliability. Of note, intra-observer reliability of AC at

TAI and SC at TSI was not associated with BMI, skin-

to-capsule distance or hepatic fibrosis grade. Addition-

ally, both AC at TAI and SC at TSI correlated well with

visual hepatic steatosis grade and CAP value. These



Fig. 2. Box-and-whisker plots of the attenuation coefficient (AC) at tissue attenuation imaging (TAI) (a,c) and scattter-
dstribution coefficient (SC) at tissue scatter-distribution imaging (TSI) (b,d) based on visual hepatic steatosis grade (a,b)
and hepatic steatosis grade based on the controlled attenuation parameter values (c,d). Boxes represent the median and
25th and 75th percentiles, and whiskers represent the minimum and maximum values. Asterisks indicate significant dif-

ferences between steatosis grades using the Kruskal�Wallis test with Dunn’ s post hoc test.
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results support the clinical applicability of TSI and TAI

for assessment of suspected hepatic steatosis, and QUS

parameters can be easily added as an adjunctive objec-

tive tool to evaluate suspected hepatic steatosis.

In this study, AC at TAI significantly positively cor-

related with visual steatosis grade and CAP value, indi-

cating attenuation of the US beam increased as steatosis

grade increased. Previous studies on attenuation imaging

also found a similar positive correlation between attenu-

ation coefficient and hepatic steatosis grade

(Fujiwara et al. 2018; Bae et al. 2019). SC at TSI also

significantly positively correlated with visual steatosis

grade and CAP value. When the concentration of fat

droplets (the acoustic scatterers) increases in a
homogeneous medium such as liver parenchyma, US

backscattered statistics shift from a pre-Rayleigh to a

Rayleigh distribution, which increases TSI

(Wan et al. 2015). These results were consistent with a

previous study on US backscatter parameters in NAFLD

(Han et al. 2019).

Although both AC at TAI and SC at TSI significantly

correlated with both visual steatosis grade and CAP value,

the distributions of the two parameters according to steatosis

grade were relatively different. In this study, AC at TAI val-

ues significantly differed across all visual steatosis grades (i.

e., significant differences between S0 and S1, S1 and S2,

and S2 and S3). Consistent with previous studies of attenua-

tion imaging, AC at TAI is considered beneficial in detecting
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and quantifying hepatic steatosis. In contrast, SC at TSI did

not significantly differ between S2 and S3 steatosis, with sig-

nificant differences only between S0 and S1 or S1 and S2.

Considering the results of our study, although SC at TSI can

be used to detect mild to moderate hepatic steatosis, there

are difficulties in accurate fat quantification or differentia-

tion between moderate and severe steatosis. However, as

early detection of hepatic steatosis at a mild degree is

important as it enables timely management of hepatic stea-

tosis, which may prevent further progression of disease

(Chalasani et al. 2018), our results suggest the potential

application of SC at TSI as a screening method for hepatic

steatosis; however, the diagnostic accuracy and optimal

cutoff values should be further validated. Additionally, the

wide range in values of SC at TSI at S0 grade (no steato-

sis) could be another drawback in the application of

screening methods for hepatic steatosis, and further vali-

dation studies are required.

Of note, in our study, we found that both TAI and

TSI had high intra- and inter-observer reliability. Fur-

thermore, intra-observer reliability was not associated

with BMI, skin-to-capsule distance, hepatic fibrosis

grade or hepatic steatosis grade. Considering these

results, we believe that both TAI and TSI can play

important roles as screening tests in patients with hepatic

steatosis with wide applicability.

Our study has several limitations. First, as a retro-

spective study, our study population was heterogeneous,

with suspected NAFLD or various chronic liver diseases.

Considering that the steatosis pattern could vary depend-

ing on the etiology of liver disease, further studies evalu-

ating the performance of both TAI and TSI with respect

to the etiology are required. Also, the reproducibility of

QUS techniques with respect to the various etiologies

would also be warranted. In addition, as our study did

not confirm the hepatic steatosis by histopathology, the

reliability of QUS techniques should be validated

through a further study by using MRI-PDFF or histo-

pathologic results as the reference standard. Second, we

correlated AC at TAI and SC at TSI with visual hepatic

steatosis grade and CAP value, rather than histopathol-

ogy results or MR-PDFF. Although visual steatosis grade

is a commonly used grading tool for hepatic steatosis in

routine clinical practice and CAP is a well-validated tool

for hepatic fat quantification, they have several draw-

backs, including limitations in detecting mild hepatic

steatosis and influence from several covariates such as

BMI (Castera et al. 2019). Further studies with histologic

results are required to validate our study results and eval-

uate the diagnostic performance of QUS for the evalua-

tion of hepatic steatosis.

In conclusion, QUS imaging provided good intra-

and inter-observer reliability and correlated well with

CAP in assessing suspected hepatic steatosis.
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