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Objective: To investigate the diagnostic performance of quantitative ultrasound (US) parameters for the assessment of
hepatic steatosis in patients with nonalcoholic fatty liver disease (NAFLD) using magnetic resonance imaging proton
density fat fraction (MRI-PDFF) as the reference standard.

Materials and Methods: In this single-center prospective study, 120 patients with clinically suspected NAFLD were enrolled
between March 2019 and January 2020. The participants underwent US examination for radiofrequency (RF) data acquisition
and chemical shift-encoded liver MRI for PDFF measurement. Using the RF data analysis, the attenuation coefficient (AC)
based on tissue attenuation imaging (TAI) (AC-TAI) and scatter-distribution coefficient (SC) based on tissue scatter-
distribution imaging (TSI) (SC-TSI) were measured. The correlations between the quantitative US parameters (AC and SC)
and MRI-PDFF were evaluated using Pearson correlation coefficients. The diagnostic performance of AC-TAI and SC-TSI for
detecting hepatic fat contents of > 5% (MRI-PDFF > 5%) and > 10% (MRI-PDFF > 10%) were assessed using receiver
operating characteristic (ROC) analysis. The significant clinical or imaging factors associated with AC and SC were analyzed
using linear regression analysis.

Results: The participants were classified based on MRI-PDFF: < 5% (n = 38), 5-10% (n = 23), and > 10% (n = 59). AC-TAI
and SC-TSI were significantly correlated with MRI-PDFF (r = 0.659 and 0.727, p < 0.001 for both). For detecting hepatic fat
contents of > 5% and > 10%, the areas under the ROC curves of AC-TAI were 0.861 (95% confidence interval [CI]: 0.786-
0.918) and 0.835 (95% (I: 0.757-0.897), and those of SC-TSI were 0.964 (95% CI: 0.913-0.989) and 0.935 (95% CI:
0.875-0.972), respectively. Multivariable linear regression analysis showed that MRI-PDFF was an independent determinant
of AC-TAI and SC-TSI.

Conclusion: AC-TAI and SC-TSI derived from quantitative US RF data analysis yielded a good correlation with MRI-PDFF and
provided good performance for detecting hepatic steatosis and assessing its severity in NAFLD.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) affects
approximately a quarter of the human population globally,
with the earliest and characteristic histological features of
hepatic steatosis [1]. NAFLD may progress to nonalcoholic
steatohepatitis (NASH), an advanced form found in 20%
of NAFLD patients [2,3]; NASH is a leading cause of liver
transplantation as it can contribute to the development
of fibrosis, cirrhosis, and hepatocellular carcinoma [2,4].
Liver biopsy is the current reference standard for diagnosing
NAFLD; however, owing to its invasiveness and the
possibility of sampling errors, a noninvasive technique is
required for assessing hepatic steatosis [5].

Chemical shift-encoded magnetic resonance imaging
(MRI)-based proton density fat fraction (PDFF) and
magnetic resonance spectroscopy (MRS) are accurate and
reproducible for liver fat quantification, and they are used
as the validated reference standards in several clinical
trials for NAFLD [6-8]. Despite their strengths, MRI-PDFF
and MRS are not routinely performed for clinical screening
of NAFLD because of cost-ineffectiveness. In this context,
ultrasound (US) could be promising, as it is noninvasive,
widely available, and cost-effective for the evaluation of
hepatic steatosis [9]. B-mode US imaging, based on the
amplitude of the envelope of beamformed radiofrequency
(RF) signals, is frequently used clinically for the assessment
of hepatic steatosis [10]. However, conventional B-mode
US examination is limited by its subjectivity, operator
dependency, and low sensitivity for mild steatosis [11].

Recently, quantitative US (QUS) techniques from RF data
analysis have been proposed as noninvasive and objective
tools for the detection and grading of hepatic steatosis.

In recent years, various QUS techniques using non-image-
based parameters, including speed of sound, US attenuation,
backscatter coefficient, and shear-wave dispersion, have
been proposed for assessing hepatic steatosis, and they
have shown a significant correlation with hepatic steatosis
[10,12-14]. In our previous study, we demonstrated that two
QUS techniques (tissue attenuation imaging [TAI] and tissue
scatter-distribution imaging [TSI]) showed good diagnostic
performance for detecting hepatic steatosis in patients with
chronic liver disease [15]. However, little is known about
the diagnostic performance of these QUS parameters for
detecting hepatic steatosis in patients with NAFLD.

Therefore, the purpose of our study was to investigate
the diagnostic performance of QUS parameters for the
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assessment of hepatic steatosis in patients with NAFLD
using MRI-PDFF as the reference standard.

MATERIALS AND METHODS

This single-center prospective study was approved by our
Institutional Review Board, and written informed consent
was obtained from all participants (ClinicalTrials.gov
identifier: NCT04180631).

Study Population

Between March 2019 and January 2020, 124 participants
who met the eligibility criteria and provided written
informed consent were initially enrolled in this study. The
inclusion criteria were as follows: 1) age of 18 years or
older, 2) having been referred to the radiology department
for ultrasonographic evaluation of the liver for known or
suspected NAFLD or having been scheduled to undergo
hepatectomy for liver donation. The exclusion criteria were
as follows: 1) presence of clinical, laboratory, or histological
evidence of liver disease other than NAFLD; 2) excessive
alcohol consumption (> 14 and > 7 drinks per week for
male and female, respectively); 3) the use of hepatotoxic
or steatogenic medication; 4) previous liver surgery; 5)
contraindication for MRI; 6) missing MRI or QUS data. After
excluding patients who had withdrawn consent (n = 1) and
those with incongruencies in their data collected (n = 3),
a total of 120 participants {75 male and 45 female; mean
age, 49.1 years + 12.6 (standard deviation [SD]); age range,
20-73 years} were finally included in this study (Fig. 1).

‘ Eligible participants (n = 124)

Excluded patients (n = 4)

»| © Withdrawal of consent (n = 1)

o With deviations in the data
collection protocol (n = 3)

A
Final stdy population (n = 120) ‘

v

MRI-PDFF > 5% MRI-PDFF < 5%
(n =82) (n=38)

Fig. 1. Flowchart of the study population. MRI-PDFF = magnetic
resonance imaging-proton density fat fraction
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US Data Acquisition

For each participant, B-mode liver US examination was
performed using a US system (RS 85, Samsung Medison,
Co. Ltd.) with a convex probe (CA1-7A) by one of the
three abdominal radiologists (with more than 6 years
of experience in abdominal US examinations) who were
blinded to the results of other studies. All participants
were requested to fast for at least 4 hours before the US
examinations. Each participant underwent two same-day
sessions of examination to assess the reproducibility of the
measurements of QUS parameters.

During each session of US examination, a radiologist
performed six data acquisitions at the same location in the
right lobe of the liver by using a right intercostal plane
near the hepatic hilum. During the data acquisitions, the
participants were placed in the supine position with the
right arm maximally abducted. Each B-mode image was
obtained during a breath-hold with a fixed set of time-gain
compensations and positions of focus, and its RF data were
automatically recorded.

During the B-mode US examination, the visual scores of
hepatic steatosis were recorded by the operator as follows:
0, no steatosis; 1, mild steatosis; 2, moderate steatosis;

3, severe steatosis. They were based on Hamaguchi’s
scoring system using the following features: bright liver,
increased hepatorenal echo contrast, deep attenuation, and
vessel blurring [16]. In addition, the skin-to-liver capsular
distance (mm) was measured by the operator

QUS Parameter Measurement
Two QUS parameters, including the attenuation coefficient
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(AC) at TAI (AC-TAIL) and scatter-distribution coefficient (SC)
at TSI (SC-TSI), were computed from the RF data using an in-
house program developed in MATLAB R2015a (MathWorks,
Inc.). By analyzing the RF data, the color-coded maps of
both AC-TAI and SC-TSI of the corresponding B-mode images
were generated (Fig. 2). The theoretical backgrounds of these
two parameters are provided in Supplementary Material 1.
Regarding B-mode images, one radiologist placed annulus-
sector region of interests (ROIs) (approximately 2 cm for

the inner arc length x 4 cm for side length) on TAI and TSI
maps of the liver parenchyma by carefully avoiding large
vessels, focal lesions, and reverberation artifacts under the
liver capsule. When the blood vessels were unavoidable
during ROI demarcation, demarcation, the areas containing
large vessels were excluded from the calculation of AC-TAI
and SC-TSI; those areas were vacant on the TAI and TSI
maps. The measurements of QUS parameters were performed
without knowledge of the MRI-PDFF results. For each QUS
parameter, the six measurements for each examination were
averaged. The results of the two sessions were used for
reproducibility analysis; however, only the first session was
used for steatosis assessment as the representative value
for each participant.

MRI-PDFF and MR Elastography

All participants underwent chemical shift-encoded
liver MRI with MR elastography (MRE) examinations
using a 3T MR scanner (Skyra; Siemens Healthineers).
For PDFF, complex-based chemical shift-encoded water-
fat reconstruction techniques were used with six two-
dimensional (2D) gradient-recalled-echo (GRE) images,

Fig. 2. Quantitative ultrasound parameters of radiofrequency data analysis.

From the acquired radiofrequency data of the B-mode ultrasound image (A), the color-coded maps of TAI map reflecting center frequency (B)
and TSI map reflecting Nakagamia parameters (C) are generated. With reference to the B-mode image, the annulus-sector region of interests
were demarcated on the TAI map (B) and the TSI map (C). The attenuation coefficient at TAI and the scatter-distribution coefficient at TSI were
obtained. TAI = tissue attenuation imaging, TSI = tissue scatter-distribution imaging
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an imaging matrix of 256 x 192, and a slice thickness of
3 mm. To minimize the T1 bias between fat and water, a
low flip angle (4°) was used [17]. The PDFF maps were
reconstructed automatically using the vendor’s algorithm
with T2* correction calculated from signal decay and a
multi-peak fat model [18].

Blinded to the QUS results, one abdominal radiologist
manually demarcated circular ROIs in each of the nine
Couinaud liver segments of the PDFF map of each
participant. Each ROI with a diameter of 1 cm was placed
near the center of each segment to avoid large vessels,
focal lesions, and artifacts. Nine ROIs were averaged and
used as the reference standard for hepatic fat content [19].
The primary outcome was hepatic fat content of > 5%,
defined as MRI-PDFF of > 5% [12,20]. In addition, hepatic
fat contents of > 10%, defined as MRI-PDFF of > 10%, was
the secondary outcome of our study [12,21].

MRE was also performed using a 2D GRE sequence in
all participants; they were placed in the supine position
with 60 Hz vibration applied to the abdominal wall. Four
sections were acquired in four consecutive breath-holds. By
using a direct inversion algorithm, a confidence mask was
automatically generated from the scanner and superimposed
on an MR elastogram [22]. Liver stiffness (LS) was measured
by one abdominal radiologist by drawing a freehand ROI,
excluding the large vessels, fissures, and focal liver lesions,
in each section [23]. The LS values of each participant
were expressed as the averages of stiffness values for each
section (in kilopascals, kPa). Detailed imaging parameters
of the MRE are provided in Supplementary Material 2.

To discriminate between various METAVIR fibrosis stages
at MRE, we used the cutoff values suggested in a previous
study [24]: 0-2.88 kPa for FO (no fibrosis), > 2.88 kPa
for > F1 (mild fibrosis), > 3.54 kPa for > F2 (significant
fibrosis), > 3.77 kPa for > F3 (advanced fibrosis), > 4.09
kPa for F4 (cirrhosis).

Statistical Analyses

Data are expressed as mean + SD or number (percentage),
as appropriate. Pearson correlation coefficients were used
to assess the correlation between QUS parameters and
MRI-PDFF. As the Kolmogorov-Smirnov test rejected the
normality of the QUS parameters, the different steatosis
grades assessed with MRI-PDFF were compared using the
Kruskal-Wallis test. Following this, a Bonferroni-adjusted
p value of less than 0.025 (0.05/2) was considered to
indicate statistical significance during the Dunn post-
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hoc test, as two pairwise comparisons of adjacent grades
were made. Receiver operating characteristic (ROC) curve
analyses were used to assess the diagnostic performance

of QUS parameters and the visual steatosis grades for
detecting hepatic fat content of > 5% (MRI-PDFF > 5%)
and > 10% (MRI-PDFF > 10%). For each ROC analysis, the
area under the ROC curve (AUC), optimal cutoff values,

and the following performance parameters were calculated:
sensitivity, specificity, positive predictive value, and
negative predictive value. The optimal cutoff value of each
QUS parameter was determined using the Youden index [25].
The performance parameters of the visual steatosis grades
were calculated based on the visual scores (> S1 [mild] and
> S2 [moderate], respectively). Pairwise comparisons of the
AUCs of the QUS parameters and the visual steatosis grades
were performed using Delong’s test, with a Bonferroni-
adjusted p value of less than 0.017 (0.05/3) indicating
statistical significance. Inter-examination repeatability was
evaluated using intra-class correlation coefficients (ICCs)
and interpreted as follows: > 0.90, excellent; 0.75-0.90,
good; 0.50-0.75, moderate; < 0.50, poor reliability [26].
The coefficient of variation (CV), which is the ratio of

the SD to the mean, was also calculated to provide an
additional estimate of the reliability; a smaller value
represented a more reliable measurement [27]. Univariable
and multivariable linear regression analyses were performed
to determine the significant factors affecting the QUS
parameters. All statistical analyses were performed

using MedCalc version 18.11.6 (MedCalc Software) and
SPSS version 25.0 (IBM Corp.). A p value of < 0.05 was
considered statistically significant.

RESULTS

Participant Characteristics

A total of 120 participants (75 males and 45 females;
mean age, 49.1 + 12.6 years), including 96 participants
with known or clinically suspected NAFLD and 24 scheduled
for liver donation, were included in the analysis. The
participant characteristics are summarized in Table 1. The
mean MRI-PDFF was 10.2% + 7.1 (range, 1-37.7%); 38,
23, and 59 participants had MRI-PDFFs of < 5%, 5-10%,
> 10%, respectively. Based on the MRE results, 3.3% (4
of 120) of patients were categorized as having > F2. The
median interval between US and MRI was 0 days (range,
0-14 days), given that 80.0% of participants (96 of 120)
underwent both examinations on the same day.
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Correlation between QUS Parameters and MRI-PDFF
Both AC-TAI and SC-TSI showed significant positive
correlations with MRI-PDFF (r = 0.659 and 0.727; 95%
confidence interval [CI] = 0.544-0.750 and 0.630-0.802;
p < 0.001 for both). The distribution of AC-TAI and SC-
TSI across the different categories of hepatic fat content
assessed with MRI-PDFF is presented in Figure 3 and Table
2. Both AC-TAI and SC-TSI showed significant differences
based on their hepatic steatosis grades (p < 0.001).

Table 1. Patient Characteristics

Variable Value (n = 120)
Age, years 49.1 + 12.6 (20-73)
Sex
Male 75 (62.5)
Female 45 (37.5)
BMI, kg/m? 26.1 + 3.5 (18.1-37.2)

Skin-to-liver capsule distance, mm 19.2 + 3.9 (11-36)
37.3 + 34.6 (12-258)

45.5 + 42.0 (9-313)

Aspartate aminotransferase, IU/L
Alanine aminotransferase, IU/L
Hepatic fibrosis grades

< F2 (without significant fibrosis) 106 (88.3)
> F2 (with significant fibrosis) 14 (11.7)
Visual hepatic steatosis grade
S0 49 (40.8)
S1 28 (23.3)
S2 30 (25.0)
S3 13 (10.8)
MRI-PDFF, % 10.2 + 7.1 (1-37.7)
<5 38 (31.7)
>5t0<10 23 (19.2)
> 10 59 (49.2)

Values are presented as mean + standard deviation (range) or
number (%) as appropriate. BMI = body mass index, MRI-PDFF =
magnetic resonance imaging proton density fat fraction

Korean Journal of Radiology

Diagnostic Performance of QUS Parameters for Hepatic
Steatosis

The AUCs of AC-TAI and SC-TSI for the detection of
hepatic fat content of > 5% (MRI-PDFF > 5%) were 0.861
(95% CI: 0.786-0.918) and 0.964 (95% CI: 0.913-0.989)
at the cutoff values of 0.884 and 91.2, respectively (Fig. 4).
For detecting hepatic fat content of > 5%, an AC-TAI of
> 0.884 dB/cm/MHz had a sensitivity of 78.0% (64/82) and
specificity of 78.9% (30/38), whereas an SC-TSI of > 91.2
had a sensitivity of 85.4% (70/82) and specificity of 97.4%
(37/38).

The AUCs of AC-TAI and SC-TSI for the detection of
hepatic fat content of > 10% (MRI-PDFF > 10%) were 0.835
(95% CI: 0.757-0.897) and 0.935 (95% CI: 0.875-0.972)
at cutoff values of 0.980 dB/cm/MHz and 94.0, respectively
(Fig. 4). The corresponding sensitivity, specificity, positive
predictive value, and negative predictive value are shown in
Table 3.

For the detection of hepatic fat contents of > 5% and
> 10%, SC-TSI showed significantly higher AUCs than
the visual steatosis grades (p < 0.001 and p = 0.026,
respectively); there was no statistically significant
difference between the AUCs of AC-TAI and visual steatosis
grades (p = 0.072 and p = 0.763, respectively).

Factors Associated with QUS Parameters

Univariable linear regression analysis showed that body
mass index (BMI), skin-liver capsule distance, and MRI-
PDFF were significant factors affecting AC-TAL In addition,
BMI, skin-liver capsule distance, alanine aminotransferase,
and MRI-PDFF significantly affected SC-TSI. Multivariable
analysis showed that MRI-PDFF was an independent

1.1
1.0 | .
0.9

0.8

AC at TAI (dB/cm/MHz)

0.7

0.6 -

<5% 5-10%
A MRI-PDFF

> 10%

110 |

100 -
mo 90r
s 1
A 80+
70+
60 -
< 5% 5-10% > 10%
B MRI-PDFF

Fig. 3. The distribution of at AC-TAI (A) and SC-TSI (B) are stratified by hepatic fat content on MRI-PDFF. *Statistical significance.
AC = attenuation coefficient, MRI-PDFF = magnetic resonance imaging proton density fat fraction, SC = scatter-distribution coefficient, TAI =

tissue attenuation imaging, TSI = tissue scatter-distribution imaging
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Table 2. Quantitative US Parameters According to Hepatic Steatosis Grades

Jeon et al.

Quantitative US

Hepatic Steatosis Grade

P

Parameters MRI-PDFF MRI-PDFF MRI-PDFF Kruskal-Wallis Dunn’s Post Hoc Test
<5% (n=38)  5-10% (n=23)  >10% (n = 59) Test < 5% vs. 5-10% 5-10% vs. > 10%
AC at TAL 0.829 + 0.085 0.915 + 0.063 1.006 + 0.119 < 0.001 0.013 0.015
dB/cm/MHz - - -
SC at TSI 80.3+7.3 91.9+£5.5 98.7 + 4.7 < 0.001 0.001 0.001

Values are presented as mean + standard deviation unless otherwise specified. AC = attenuation coefficient, MRI-PDFF = magnetic
resonance imaging proton density fat fraction, SC = scatter-distribution coefficient, TAI = tissue attenuation imaging, TSI = tissue
scatter-distribution imaging, US = ultrasound

AC at TAL SC at TAI
100 100
80 |- 80
=2 60 |~ =2 60
= I 2
= B =
2 - 2
A 40 H &40
20 H 20
- AUC = 0.861 - AUC = 0.835
I p < 0.001 : p <0.001
OBy vy v v ) OB v
0 20 40 60 80 100 0 20 40 60 80 100
A 100-specificity B 100-specificity
AC at TSI SC at TSI
100 [~ 100 |-
80 H 80 -
> 60 > 60
=] =]
Z i Z [
b= - £ |
Z - 2 3
& 40 H & 40
20 H 20 -
- AUC = 0.964 3 AUC =0.935
i p < 0.001 I p < 0.001
(U i il TR SRRTRRTIN BTSRRI SN | 0‘[““‘;"§.|...|...|...|...|
0 20 40 60 80 100 0 20 40 60 80 100
C 100-specificity D 100-specificity

Fig. 4. The diagnostic performances of AC at TAI (A, C) and SC at TSI (B, D) for the detection of hepatic steatosis (MRI-PDFF > 5%;
A, B) and the detection of hepatic fat contents of > 10% (MRI-PDFF > 10%; C, D). AC = attenuation coefficient, AUC = area under the

receiver operating characteristic curve, MRI-PDFF = magnetic resonance imaging proton density fat fraction, SC = scatter-distribution coefficient,
TAI = tissue attenuation imaging, TSI = tissue scatter-distribution imaging
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determinant for AC-TAI and SC-TSI, and it was positively with an ICC of 0.892 (95% CI: 0.844-0.924) and CV of 6.7%
correlated with both (p < 0.001) (Table 4). (95% CI: 5.8-7.6).
Reproducibility of QUS Parameters DISCUSSION
The inter-examination repeatability of SC-TSI was
excellent with an ICC of 0.959 (95% CI: 0.941-0.971) and In our study, the QUS parameters (AC at TAI and SC at

CV of 3.3% (95% CI: 2.9-3.7), and that of AC-TAI was good  TSI) showed a good correlation with MRI-PDFF (r = 0.659

Table 3. Diagnostic Performance of Quantitative US Parameters and Visual Grade for the Detection of Hepatic Steatosis

Hepatic Fat AuC Cutoff
US Parameters epatic 7 uto Sensitivity*  Specificity* PPV* NPV*
Content (95% CI) Value
Quantitative US parameters
MRI-PDFF > 5% 0.861 >0.884 78.0 (64/82) 78.9 (30/38) 88.9 (64/72) 62.5 (30/48)
0.786-0.918
AC at TAI, dB/cm/MHz ( )
MRI-PDFF > 10% 0.835 >0.980 64.4 (38/59) 93.4 (57/61) 90.5 (38/42) 73.1 (57/78)
(0.757-0.897)
MRI-PDFF > 5% 0.964 >91.2  85.4(70/82) 97.4 (37/38) 98.6 (70/71) 75.5 (37/49)
(0.913-0.989)
SC at TSI
MRI-PDFF > 10% 0.935 88.1 (52/59) 86.9 (53/61) 86.7 (52/60) 88.3 (53/60)
(0.875-0.972)
MRI-PDFF > 5% 0.779 >S1  76.8 (63/82) 79.0 (30/38) 88.7 (63/71) 61.2 (30/49)
) . (0.694-0.850)  (mild)
Visual steatosis grade
MRI-PDFF > 10% 0.848 >S2  71.2 (42/59) 98.4 (60/61) 97.7 (42/43) 77.9 (60/77)

(0.771-0.907)  (moderate)

*Data in parentheses are number of patients. AC = attenuation coefficient, AUC = area under the receiver operating characteristic curve,
MRI-PDFF = magnetic resonance imaging proton density fat fraction, NPV = negative predictive value, PPV = positive predictive value,
SC = scatter-distribution coefficient, TAI = tissue attenuation imaging, TSI = tissue scatter-distribution imaging, US = ultrasound

Table 4. Univariable and Multivariable Linear Regression Analysis for Analyzing Factors Associated with Quantitative US Parameters

Parameter Univariable Analysis Multivariable Analysis
Coefficient (95% CI) (x 107) P Coefficient (95% CI) (x 107) P
AC at TAIL, dB/cm/MHz
Female gender -2 (-49, 46) 0.941
Age, years 1(-0.1, 3) 0.152
BMI, kg/m’ 13 (7, 19) <0.001 0.1 (-7.7) 0.944
Skin-liver capsule distance, mm 10 (4, 15) 0.001 3(-1, 8) 0.146
Aspartate aminotransferase, IU/L -0.9 (-1, 1) 0.782
Alanine aminotransferase, IU/L 0.5 (-0.1, 1) 0.125
MRI-PDFF, % 12 (9, 14) <0.001 12 (8, 14) <0.001
LS at MRE, kPa 23 (-9, 55) 0.150
SC at TSI
Female gender -42 (-78, 5) 0.250
Age, years 2 (-1, 3) 0.132
BMI, kg/m? 13 (9, 18) <0.001 5 (-0.3, 10) 0.072
Skin-liver capsule distance, mm 8 (4, 12) < 0.001 1 (-0.4, 5) 0.858
Aspartate aminotransferase, IU/L 0.3 (-0.2, 1) 0.300
Alanine aminotransferase, IU/L 0.6 (0.1, 1) 0.007 0.1 (-0.3, 0.6) 0.924
MRI-PDFF, % 10 (8, 12) < 0.001 9 (7, 11) < 0.001
LS at MRE, kPa 22 (-3, 47) 0.080

AC = attenuation coefficient, BMI = body mass index, CI = confidence interval, LS = liver stiffness, MRE = magnetic resonance
elastography, MRI-PDFF = magnetic resonance imaging proton density fat fraction, SC = scatter-distribution coefficient, TAIL = tissue
attenuation imaging, TSI = tissue scatter-distribution imaging, US = ultrasound

kjronline.org https://doi.org,/10.3348/kjr.2020.1262 1083



Korean Journal of Radiology

and r=0.727; p < 0.001 for both) and good diagnostic
performance for detecting and grading hepatic steatosis

in patients with NAFLD using MRI-PDFF as a standard of
reference. Additionally, multivariable linear regression
analysis revealed that hepatic fat content assessed by MRI-
PDFF was a significant determinant for AC-TAI and SC-

TSI. Moreover, their measurements showed good inter-
examination repeatability. US beam attenuation increases
with depth, which correlates with an increase in AC-TAL
[28]. In addition, as fat droplets create acoustic scattering
in the liver parenchyma, the US backscattered statistics
shift from pre- to post-Rayleigh, which increases its SC-
TSI [29]. This may account for the significant positive
correlation between both QUS parameters and MRI-PDFF in
our study. Considering the significant correlation between
QUS parameters and MRI-PDFF obtained in our study and
the good inter-exam repeatability, QUS parameters could
help assess hepatic steatosis as a noninvasive and widely
available diagnostic tool.

In our study, both QUS parameters showed good
diagnostic performance for detecting hepatic fat content
of > 5%. AC-TAI had a sensitivity of 78.1% and specificity
of 79.0%, whereas SC-TSI had a sensitivity of 85.4%
and specificity of 97.4%. Moreover, AC-TAI and SC-TSI
had balanced sensitivity and specificity (sensitivity of
64.4% and 88.1%, and specificity of 93.4% and 86.9%,
respectively) for the detection of hepatic fat contents
of > 10%. These results are consistent with previous
studies that showed a good diagnostic performance for
US attenuation or backscatter in patients with NAFLD
[12,13]. Although MR-based fat quantification is currently
accepted as the noninvasive reference standard for hepatic
fat quantification [9,30], it is limited by its high cost and
limited accessibility. We believe that US-based technologies
such as QUS may be a promising first-line tool for assessing
hepatic steatosis in patients with NAFLD [14]. Our results
suggest the potential application of AC-TAI and SC-TSI for
screening for hepatic steatosis in patients with clinically
suspected NAFLD.

In our study, SC-TSI showed significantly better diagnostic
performance for the detection of hepatic fat contents of
> 5% and > 10%, which was consistent with the report of
a previous study [15]. On the contrary, although the AUCs
of AC-TAI were higher than those of the visual steatosis
grades, the difference was not statistically significant in
our study. A previous study reported that AC had a better
diagnostic performance than the visual steatosis grades
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[15]. QUS parameters may be useful for the evaluation of
the hepatic fat content by providing objective continuous
values, whereas visual assessment provides only subjective
categorical values. The application of QUS parameters may
be clinically useful for the screening of hepatic steatosis,
longitudinal follow-up, and the evaluation of treatment
response in patients with hepatic steatosis.

Multivariable linear regression analysis showed that
MRI-PDFF was an independent determinant for both AC-
TAI and SC-TSI (both p values of < 0.001). Meanwhile, LS
detected by MRE, which indicates the degree of hepatic
fibrosis, did not show a significant relationship with AC-TAL
and SC-TSI. In previous studies, hepatic fibrosis showed a
negative relationship with SC-TSI (reflecting the Nakagami
parameter) [15,31,32], which was contrary to our results.
Whereas normal parenchymal tissue showed a near-Rayleigh
distribution due to randomly distributed scatterers, the
liver parenchymal tissue with fibrotic structures or nodules
(resolvable scatterers) tends to demonstrate more of a
pre-Rayleigh distribution, resulting in a decrease in the
SC-TSI [32]. However, LS detected on MRE did not show
a significant relationship with SC-TSI in our study. This
difference could be associated with the characteristics of
the study population, as our study population had only
a small percentage of patients with significant fibrosis
(11.7%, 14/120), there could be a limitation in evaluating
the relationship between QUS parameters and hepatic
fibrosis.

Meanwhile, there are some controversies regarding the
relationship between hepatic fibrosis and AC-TAI (US
attenuation). A previous study suggested that hepatic
fibrosis showed a positive correlation with US attenuation
[33]. However, another study showed no significant
relationship [34], and this was consistent with our study
result. Theoretically, attenuation of the US beam could be
affected by fibrosis, although its effect is less than that of
steatosis [35]. In our study, MRE was performed for all the
study participants, and the AC-TAI was explained by the
study population deviation, with only a small percentage
with significant fibrosis according to the MRE stiffness
values. However, considering the small number of patients
with significant fibrosis, further studies involving those
with various stages of fibrosis may facilitate the precise
evaluation of the relationship between hepatic fibrosis and
QUS parameters.

Our study has several limitations. First, the study
population was biased toward NAFLD, as only 31.7% of the
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patients were normal (MRI-PDFF < 5%); this is different
from the prevalence in the general population. Second,
although the QUS technique based on RF data analysis can
be implemented in clinical US systems, it is not readily
available in all clinical US systems. However, with most
manufacturers beginning to provide RF output capabilities,
it may be widely available in the near future.

In conclusion, AC-TAI and SC-TSI derived from QUS RF
data analysis yielded good correlations with MRI-PDFF and
provided good performance for detecting hepatic steatosis
and assessing its severity in NAFLD.

Supplement

The Data Supplement is available with this article at
https://doi.org/10.3348/kjr.2020.1262.
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