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Purpose: This study compared the controlled attenuation parameter (CAP) to attenuation 
imaging (ATI) in the diagnosis of steatosis and transient elastography (TE) to two-dimensional 
shear wave elastography (2D-SWE) for the diagnosis of fibrosis in a prospectively constructed 
nonalcoholic fatty liver disease (NAFLD) patient cohort.
Methods: Participants who underwent TE with CAP were included from a previously constructed 
NAFLD cohort with multiparametric ultrasound data. The degree of hepatic steatosis and stage of 
liver fibrosis were assessed. Diagnostic performance was evaluated using the area under the receiver 
operating characteristic curve (AUROC) for the grades of steatosis (S1-3) and fibrosis (F0-F4).
Results: There were 105 participants. The distribution of hepatic steatosis grades (S0-S3) and 
liver fibrosis stages (F0-F4) was as follows: S0, n=34; S1, n=41; S2, n=22; S3, n=8; F0, n=63; 
F1, n=25; F2, n=5; F3, n=7; and F4, n=5. No significant difference was found between CAP and 
ATI in detecting ≥S1 (AUROC: 0.93 vs. 0.93, P=0.956) or ≥S2 (0.94 vs. 0.94, P=0.769). However, 
the AUROC of ATI in detecting ≥S3 was significantly higher than that of CAP (0.94 vs. 0.87, 
P=0.047). Regarding the detection of liver fibrosis, no significant difference was found between 
TE and 2D-SWE. The AUROCs of TE and 2D-SWE were as follows: ≥F1, 0.94 vs. 0.89 (P=0.107); 
≥F2, 0.89 vs. 0.90 (P=0.644); ≥F3, 0.91 vs. 0.90 (P=0.703); and ≥F4, 0.88 vs. 0.92 (P=0.209).
Conclusion: 2D-SWE and TE showed comparable diagnostic performance in assessing liver 
fibrosis, and ATI provided significantly better performance in detecting ≥S3 steatosis than CAP.

Keywords: Liver cirrhosis; Fatty liver; Elasticity imaging techniques 
Key points: Two-dimensional shear wave elastography (2D-SWE) provided comparable diagnostic 
performance in assessing the stage of liver fibrosis to that of transient elastography (TE). 
Attenuation imaging (ATI) provided significantly better diagnostic accuracy in detecting severe 
steatosis (≥S3) than the controlled attenuation parameter from TE. A multiparametric approach 
using 2D-SWE with ATI might be helpful and could be used as a primary imaging test for the 
evaluation of nonalcoholic fatty liver disease patients. 
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Introduction

Globally, one-quarter of adults have nonalcoholic fatty liver disease 
(NAFLD), and this number is expected to increase by 18% by 2030 
and by about 50% by 2040 [1-5]. NAFLD is a common disease and 
its importance can be overlooked; however, it can be accompanied 
by other comorbid conditions, including obesity, dyslipidemia, type 2 
diabetes, and metabolic syndrome [6,7]. Moreover, NAFLD comprises 
a group of diseases with various prognoses that can develop from 
simple hepatic steatosis, such as uncomplicated NAFLD, nonalcoholic 
steatohepatitis (NASH) accompanied by hepatocyte ballooning and 
necroinflammation, liver cirrhosis, and eventually hepatocellular 
carcinoma [6,8,9]. NASH develops in approximately 20% of NAFLD 
patients, of whom roughly 20% progress to cirrhosis [1,10]. 
Cirrhosis due to NAFLD is already a leading cause of transplantation 
in women in North America [11]. Therefore, timely detection and 
proper management of NAFLD are important. 

Liver biopsy is the gold standard for diagnosing fatty changes in 
the liver and accompanying fibrosis despite its innate disadvantages, 
such as invasiveness and bleeding risk [12]. However, since it 
is difficult to perform a biopsy in all patients with suspected 
NAFLD, blood chemistry and various imaging tests have been used 
and studied for the management of NAFLD [13,14]. Transient 
elastography (TE) with the controlled attenuation parameter (CAP) 
has been developed and introduced into clinical practice. Liver 
stiffness (LS) measurements using TE have shown good diagnostic 
performance for staging liver fibrosis and detecting cirrhosis [6]. 
Regarding hepatic steatosis, studies on the quantitative evaluation 
of hepatic steatosis using CAP, which can quantify the degree 
of ultrasound (US) beam attenuation by the tissue, have also 
been conducted for several years and have provided promising 
results [15-19]. In addition to TE, two-dimensional shear wave 
elastography (2D-SWE) has emerged as another noninvasive 
method to evaluate liver fibrosis, for which studies have reported a 
good diagnostic performance, even better than TE [20-23]. Real-
time B-mode US-based attenuation imaging (ATI) has recently 
been introduced and reported to have high diagnostic performance 
in detecting hepatic steatosis by calculating the degree of US 
beam attenuation, similar to the CAP from TE [24-28]. Relative 
to TE with CAP, 2D-SWE with ATI has several theoretical merits, 
including easy incorporation into routine B-mode US examinations 
and accurate selection of the measurement region of interest 
(ROI) guided by simultaneously provided B-mode images, which 
could lead to more accurate and reliable measurements. However, 
whether these theoretical advantages of 2D-SWE with ATI could 
improve the diagnostic performance in assessing liver fibrosis and 
hepatic steatosis compared to TE with CAP has not been evaluated. 

Therefore, the purpose of this study was to compare CAP with ATI 
in the diagnosis of steatosis and to compare TE with 2D-SWE in the 
diagnosis of fibrosis in a NAFLD patient cohort.

Materials and Methods

Compliance with Ethical Standards 
The institutional review board (IRB) of each participating center 
approved this retrospective analysis of the previous cohort (IRB 
number: H-2210-139-1373 for Seoul National University Hospital, 
WKUH 2022-11-012 for Wonkwang University Hospital, ISPAIK 
2022-10-006 for Ilsan Paik Hospital, 2210-005-19439 for Chung-
Ang University Hospital, 2022-1584 for Asan Medical Center), and 
the requirement for written informed consent was waived by the IRB 
because of this study’s retrospective design.

Study Design
This study was a retrospective analysis of a previous NAFLD cohort 
constructed from a multicenter study conducted to confirm the 
diagnostic ability of a multiparametric US approach for patients 
with NAFLD (study identifier: KCT0004326) [29]. In the previous 
multicenter study, patients with elevation of liver enzyme or clinical 
suspicion of NASH were enrolled using the following criteria: (1) 
no history of positivity for hepatitis B virus surface antigen, anti-
hepatitis C virus, hepatitis C virus RNA, and hepatitis B virus DNA; 
(2) no history of excessive alcohol consumption greater than the 
recommended limit (>14 UK units/wk for women and >21 UK units/
wk for men; 1 UK unit=10 mL of pure alcohol) [29]. Patients having 
liver pathology other than NAFLD on histopathologic examinations 
were also excluded from the analysis. In the previous multicenter 
study, potential living liver donors who underwent liver biopsy to 
evaluate NAFLD for a decision regarding liver donor eligibility were 
also enrolled. Among the 132 participants of the previous study, 
participants who met the following inclusion criteria were enrolled 
in this study: (1) available results of TE with CAP and (2) reliable LS 
measurement results obtained from TE. 

2D-SWE and ATI
As a prospectively designed study, five abdominal radiologists 
from five institutions had two meetings on 2D-SWE and ATI 
measurement protocols to establish a unified measurement method. 
The unified measurement protocols for 2D-SWE and ATI were 
maintained among the five institutions during the study period. 
All US examinations were performed at each institution using US 
scanners (Aplio i800, Canon Medical Systems, Otawara, Japan) 
with a 1-8-MHz convex probe (PVI-475BX). All participants were 
instructed to fast for at least 6 h before the US examination. The US 
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examination was performed in a supine position with the right arm 
extended above the head to obtain an optimal window through 
intercostal space stretching. The measurement ROIs of 2D-SWE and 
ATI were set as close as possible to the planned area of the liver 
biopsy, which was performed in the right anterior section, where the 
intercostal approach was possible. To avoid reverberation artifacts 
of the liver capsule, the sample box was placed at least 1 cm below 
the liver capsule according to liver elasticity imaging guidelines 
[30,31]. After each participant was asked to hold their breath in an 
intermediate state, a sample box of 2D-SWE measuring 1.5×1.5 
cm was placed on the grayscale image of the liver parenchyma. 
Then, a 1-cm circular measurement ROI was placed within a sample 
box to obtain the LS value. LS values were measured 10 times, 
and the median value was used for further analysis. The 2D-SWE 
measurements were considered reliable if the interquartile range 
(IQR)/median value was less than 30%, according to the liver 
elastography guidelines originally developed for TE [30,31]. After 
2D-SWE evaluation, ATI was performed in the right hepatic lobe 
through the intercostal window. A large sample box was placed on 
the entire right hepatic lobe parenchyma, and a 2×4-cm square 
measurement ROI was placed in the sample box, avoiding areas 
of reverberation artifacts or large hepatic vessels. The attenuation 
coefficient (AC) in units of dB/cm/MHz appeared immediately after 
the placement of the measurement ROI at the bottom of the image. 
At the bottom of the image, the AC appears together with the 
reliable measurement coefficient (R-value), and an R-value of 0.80 
or higher was considered to indicate a reliable measurement. The AC 
was measured five times, and the median value was used.

TE and CAP Measurements
FibroScan (Echosens, Paris, France) was performed on the same 
day as the 2D-SWE test and a biopsy was performed. FibroScan 
examinations were performed by a radiologic technician at each 
center who was blinded to the patient’s clinical information and the 
results of 2D-SWE with ATI. The equipment used was a FibroScan 
502 touch model, and each center was equipped with both an 
M probe (n=74) and an XL probe (n=31). Patients were placed 
in the supine position with their right arm fully abducted, and 
measurements were performed in the right hepatic lobe through 
the intercostal space. FibroScan devices use vibration-controlled 
TE technology to simultaneously measure LS and CAP. The CAP 
was designed to measure liver US attenuation at 3.5 MHz on both 
M and XL probes on signals acquired by FibroScan. CAPs were 
calculated only if the associated LS measurement was valid and 
the same signal was used to measure liver stiffness. CAP and LS 
measurements were expressed as dB/m and kPa, respectively. LS 
measurements were considered reliable if the IQR/median value 

was less than 30%, according to the liver elastography guidelines 
originally developed for TE [30,31]. Only tests with at least 10 valid 
individual measurements were considered valid.

Liver Biopsy and Histopathologic Evaluation
A biopsy was performed in the right anterior section of the liver 
through the intercostal plane. Using an 18-gauge biopsy gun, liver 
specimens approximately 2 cm in length were collected two or 
three times from the patient. The liver tissue obtained was fixed in 
formalin solution, and hematoxylin/eosin and Masson trichrome 
staining were performed to evaluate the pathology and fibrosis of 
NAFLD. The pathological evaluation of liver tissue was performed at 
each center by a pathologist (i.e., five pathologists with more than 
5 years of experience in liver pathology at five centers) who was 
blinded to the patient’s clinical information. The degree of hepatic 
steatosis, lobular inflammatory activity, hepatocyte ballooning, 
and stage of liver fibrosis were evaluated using the NASH–clinical 
research network scoring system, and each center used the same 
criteria for histopathologic examinations [32]. Steatosis was graded 
from 0 to 3 (S0-S3), hepatocyte ballooning from 0 to 2 (B0-B2), 
lobular inflammatory activity from 0 to 3 (I0-I3), and fibrosis stage 
from 0 to 4 (F0-F4). For the evaluation of hepatic steatosis, the 
following criteria were used: S0, when the area of steatosis on low 
to medium power evaluation was <5%; S1, 5%-33%; S2, >33%-
66%; and S3, >66%.

Statistical Analysis
Continuous variables are expressed as medians with IQRs, and 
categorical variables as percentages. For the univariate analysis, 
continuous variables were compared using the Mann-Whitney U test 
and categorical variables were compared using the Fisher exact test. 
Univariate and multivariate linear regression analyses were used to 
determine the significant determinant factors for AC from ATI, LS 
values from 2D-SWE, CAP from TE, and LS values from TE, and all 
variables with a P-value less than 0.05 in the univariate analysis 
were included in the multivariate analysis. Receiver operating 
characteristic (ROC) curve analysis was performed to evaluate the 
diagnostic performance for detecting each grade of hepatic steatosis 
and each stage of liver fibrosis, and the area under the ROC curve 
(AUROC) was calculated with 95% confidence intervals. To compare 
AUROCs between two modalities, the DeLong method was used. 
Cutoff values were determined to maximize the Youden index. The 
sensitivity, specificity, positive predictive value (PPV), and negative 
predictive value (NPV) were calculated for each cutoff value. All 
statistical analyses were conducted using SPSS version 28 (IBM 
Corp., Armonk, NY, USA) and MedCalc software package version 
15.2 (MedCalc, Mariakerke, Belgium). 
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dB/m) in S3 (P<0.001). The median value of AC from ATI was 0.55 
dB/cm/MHz (IQR, 0.51 to 0.59 dB/cm/MHz) in S0; 0.67 dB/cm/MHz 
(IQR, 0.61 to 0.73 dB/cm/MHz) in S1; 0.80 dB/cm/MHz (0.74 to 0.87 
dB/cm/MHz) in S2; and 0.91 dB/cm/MHz (IQR, 0.85 to 0.98 dB/cm/
MHz) in S3 (P<0.001). 

The AUROC of CAP from TE was 0.93 for detecting ≥S1, 0.94 for 
detecting ≥S2, and 0.87 for detecting ≥S3. AUROC of AC from ATI 
was 0.93 for detecting ≥S1, 0.94 for detecting ≥S2, and 0.94 for 
detecting ≥S3. There was no significant difference in the detection of 
≥S1 and ≥S2 between CAP from TE and AC. However, the AUROC of 
AC from ATI for detecting ≥S3 was significantly higher than that of 
CAP from TE (0.94 vs. 0.87, P=0.047). Regarding the sensitivity of 
detecting ≥S3, both CAP and AC yielded 100% sensitivity. However, 
the specificity of AC for detecting ≥S3 was 85% (82/97), which was 
significantly higher than that of CAP (72%, 70/97; P=0.036). The 
diagnostic performance of CAP and AC from ATI in detecting each 
grade of hepatic steatosis was also assessed according to patients’ 
BMI (i.e., BMI <25 kg/m2 vs. BMI ≥25 kg/m2), and the results are 
given in Supplementary Tables 3 and 4. 

Results

Patient Characteristics
This study was a retrospective analysis of data from a previous 
multicenter study evaluating the usefulness of multiparametric US in 
NAFLD patients (identifier: KCT0004326). In the previous multicenter 
study, 132 participants were analyzed. Among them, 27 participants 
were excluded from this study due to the absence of an available TE 
examination (n=24) or unreliable measurement results of TE (n=3). 
The remaining 105 participants were included in the final study (Fig. 
1). Among them, 58 participants were potential living liver donors, 
and detailed information regarding the enrollment process is given 
in the Supplementary Material 1. The baseline characteristics of the 
participants are summarized in Table 1. 

Evaluation of Hepatic Steatosis Using CAP and Attenuation 
Coefficient
The factors affecting CAP from TE and AC from ATI are summarized 
in Supplementary Table 1. In multivariate analysis, the grade 
of hepatic steatosis on histopathology (P<0.01) was the only 
significant factor affecting AC from ATI. Regarding CAP from TE, the 
degree of hepatic steatosis (P<0.01), patients’ age (P=0.016), and 
body mass index (BMI) (P=0.005) were significantly associated with 
CAP values in the multivariate analysis.

The distribution of hepatic steatosis grades was as follows: S0, 
n=34 (32.4%); S1, n=41 (39.0%); S2, n=22 (21.0%); and S3, n=8 
(7.6%). The baseline characteristics of the patients according to the 
grade of hepatic steatosis are summarized in Supplementary Table 
2. The diagnostic performance, including the AUROC and cutoff 
value with the corresponding sensitivity, specificity, PPV, and NPV, 
for detecting each grade of hepatic steatosis determined by ROC 
analysis, are presented in Table 2 and Fig. 2. CAP values from TE 
and AC from ATI increased with the progression of hepatic steatosis 
grades. The median value of CAP from TE was 196 dB/m (IQR, 168 
to 225 dB/m) in S0; 262 dB/m (IQR, 230 to 287 dB/m) in S1; 322 
dB/m (IQR, 309 to 349 dB/m) in S2; and 339 dB/m (IQR, 312 to 363 

Table 1. Patient characteristics 
Parameter Value

Age (year) 36.0 (27.0-49.5)

Sex (male:female) 53:52

Body mass index (kg/m2) 24.2 (22.1-27.2)

Hypertension 31 (29.5)

Diabetes mellitus 20 (19.0)

ALT (IU/L) 21.0 (12.0-50.0)

AST (IU/L) 22.0 (17.0-44.5)

Albumin (mg/dL) 4.3 (4.1-4.5)

Total bilirubin (mg/dL) 0.6 (0.4-0.9)

PT-INR 1.01 (0.98-1.08)

Fibrosis stage

F0 63 (60.0)

F1 25 (23.8)

F2 5 (4.8)

F3 7 (6.6)

F4 5 (4.8)

Steatosis grade

S0 34 (32.4)

S1 41 (39.0)

S2 22 (21.0)

S3 8 (7.6)
Values are presented as median (IQR) or number (%).
 ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT-INR, prothrombin 
time–international normalized ratio; IQR, interquartile range.

Fig. 1. Flow diagram showing patient selection details. TE, 
transient elastography.

132 Participants of previous multicenter study
(Trial No: KCT0004326)

105 Final study population

27 Exclusion due to
24 No available TE exam 
3 Unreliable measurement of TE 
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Evaluation of Liver Fibrosis Using LS from TE and 2D-SWE
The significant determinant factors for LS values from TE and 
2D-SWE are summarized in Supplementary Table 1. Regarding LS 
from TE, the stage of liver fibrosis (P<0.01) and grade of hepatocyte 
ballooning (P=0.01) were identified as significant factors in the 
multivariate analysis. The stage of liver fibrosis (P=0.01) and BMI 
(P=0.007) were significantly associated with LS based on 2D-SWE 
in the multivariate analysis.

The distribution of liver fibrosis stages on histopathology was as 
follows: F0, n=63 (60.0%); F1, n=25 (23.8%); F2, n=5 (4.8%); F3, 
n=7 (6.6%); and F4, 5 (4.8%). The baseline characteristics of the 
patients according to the stage of liver fibrosis are summarized in 
Supplementary Table 5. The diagnostic performance, including the 
AUROC and cutoff value with corresponding sensitivity, specificity, 
PPV, and NPV, for detecting each stage of liver fibrosis determined 
by ROC analysis is given in Table 3 and Fig. 3. Both LS values from 
TE and 2D-SWE increased with the progression of the liver fibrosis 
stage. The AUROC of LS from TE was 0.94 for detecting ≥F1, 0.89 for 
detecting ≥F2, 0.91 for detecting ≥F3, and 0.92 for detecting ≥F4. 
The AUROC of LS from 2D-SWE was 0.89 for detecting ≥F1, 0.90 
for detecting ≥F2, 0.90 for detecting ≥F3, and 0.88 for detecting 
≥F4. There was no significant difference between LS from TE and 
LS from 2D-SWE in the detection of any stage of liver fibrosis. The 
diagnostic performance of TE and 2D-SWE in detecting each stage 
of liver fibrosis was also assessed according to patients’ BMI (i.e., 

BMI <25 kg/m2 vs. BMI ≥25 kg/m2), and the results are given in 
Supplementary Tables 6 and 7. 

  

Discussion

The present study aimed to conduct a head-to-head comparison 
in order to determine whether there was a diagnostic difference 
between 2D-SWE with ATI and TE with CAP in the evaluation of 
NAFLD patients using the histopathologic examination as the 
reference standard. This study showed comparable results in 
diagnosing fibrosis, and there was no significant difference between 
S1 and S2 in diagnosing steatosis, but ATI showed useful results 
in diagnosing S3 (AUROC, 0.94 vs. 0.87; P=0.047). In addition, 
there was neither technical failure nor unreliable measurements 
in 2D-SWE and ATI examinations in this study, which could be 
a potential advantage of 2D-SWE and ATI for the evaluation of 
NAFLD. In contrast, there were three patients who had unreliable 
measurement results of TE and were subsequently excluded from 
the final analysis. 

Since the introduction of CAP from TE in routine clinical practice, 
many studies have reported the diagnostic performance of CAP for 
the evaluation of hepatic steatosis during the past decade [10-14]. 
In a large-scale prospective study of 5,323 patients including all 
etiologies, the AUROC of ≥S1 (>10%) was reported as 0.79, that of 
≥S2 was 0.84, and that of ≥S3 was 0.84 [17]. In a study conducted 

Table 2. Evaluation of steatosis using the attenuation coefficient and controlled attenuation parameter
≥S1 (≥5% steatosis) ≥S2 (≥34% steatosis) ≥S3 (≥67% steatosis)

Attenuation coefficient from ATI

AUROC (95% CI) 0.93 (0.86-0.97) 0.94 (0.88-0.98) 0.94 (0.88-0.98)

Prevalence (n) 71 30 8

Cutoff (dB/cm/MHz) 0.62 0.70 0.78 

Sensitivity 0.83 (59/71) 0.93 (28/30) 1.00 (8/8)

Specificity 0.97 (33/34) 0.84 (63/75) 0.85 (82/97)

PPV 0.98 (59/60) 0.70 (28/40) 0.35 (8/23)

NPV 0.73 (33/45) 0.97 (63/65) 1.00 (82/82)

Controlled attenuation parameter from TE

AUROC (95% CI) 0.93 (0.86-0.97) 0.94 (0.87-0.98) 0.87 (0.79-0.93)

Prevalence (n) 71 30 8

Cutoff (dB/m) 240 285 298

Sensitivity 0.82 (58/71) 0.93 (28/30) 1.00 (8/8)

Specificity 0.94 (32/34) 0.87 (65/75) 0.72 (70/97)

PPV 0.97 (58/60) 0.74 (28/38) 0.23 (8/35)

NPV 0.71 (32/45) 0.97 (65/67) 1.00 (70/70)
ATI, attenuation imaging; AUROC, area under the receiver operating characteristic curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; 
TE, transient elastography.
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Fig. 2. Box-and-whisker plots showing (A) the controlled 
attenuation parameter (CAP) from transient elastography (TE), 
and (B) the attenuation coefficient (AC) from attenuation imaging 
(ATI) according to the grade of hepatic steatosis. 
The box represents the interquartile range (25th-75th percentile), 
and the middle line represents the median value of CAP (A) 
and AC (B). Graphs show the area under the receiver operating 
characteristic curve (AUROC) of both CAP from TE and AC from ATI 
for diagnosing steatosis grade ≥S1 (C), ≥S2 (D), and ≥S3 (E). There 
was no significant difference between CAP and AC in detecting 
≥S1 (0.93 vs. 0.93, P=0.956) and ≥S2 (0.94 vs. 0.94, P=0.769) 
(C, D). However, the AUROC of AC from ATI for detecting ≥S3 
was significantly higher than that of CAP from TE (0.94 vs. 0.87, 
P=0.047) (E).
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on NASH patients in the United Kingdom, the AUROC of ≥S1 was 
0.87, that of ≥S2 was 0.77, and that of ≥S3 was 0.70 [19]. The 
AUROC of CAP in this study was 0.93 for ≥S1, 0.94 for ≥S2, and 0.87 
for ≥S3, showing higher diagnostic performance than in previous 
studies. The difference in ethnic composition and distribution of 
the degree of hepatic steatosis might have affected the diagnostic 
performance of CAP in staging hepatic steatosis. In addition, the 
median BMI in this study was 24.2 kg/m2, which is a lower value 
than those reported in previous studies. The lower BMI in this study 
also affected the results.

Since ATI is a new quantitative US technique, several studies using 
ATI to assess hepatic steatosis have been published [24-28]. In a 
study on NAFLD patients, the AUROC of steatosis diagnosis for ATI 
was 0.93 for ≥S1, 0.88 for ≥S2, and 0.83 for ≥S3 [20], similar to the 
results of our study. When we compared the diagnostic performance 
of ATI with that of CAP in detecting each grade of hepatic steatosis, 
there was no significant difference in the diagnosis of ≥S1 (AUROC 
of ATI: 0.93 vs. CAP: 0.93, P=0.956) and ≥S2 (AUROC of ATI: 
0.94 vs. CAP: 0.94, P=0.769). However, the AUROC of ATI was 
significantly higher than that of CAP for the detection of ≥S3 (0.94 
vs. 0.87, P=0.047). Because ATI is a B-mode-based quantitative US 
technique, the measurement ROI of ATI can be accurately placed 
onto the appropriate liver parenchyma, avoiding areas showing 
artifacts or large vessels under B-mode image guidance, which is 
an advantage of ATI over CAP, which involves blind measurements. 

Indeed, the measurement area of ATI would be larger than that 
of CAP. These theoretical advantages of ATI over TE might explain 
the results of this study, with ATI showing significantly better 
performance than CAP in the detection of ≥S3 steatosis.

In the diagnosis of fibrosis, TE is an extensively evaluated 
and validated diagnostic method, and many studies have been 
conducted on various chronic liver diseases [33-36]. Comparative 
studies between TE and 2D-SWE have also been carried out [37-
40]. The pooled sensitivity and specificity of a meta-analysis for the 
diagnosis of fibrosis with TE in NAFLD showed a sensitivity of 79% 
and specificity of 75% for ≥F2, 85% and 95% for ≥F3, and 92% 
and 92% for ≥F4, respectively [36]. In a meta-analysis of 2D-SWE 
in NAFLD patients, the sensitivity and specificity were reported to be 
93.8% and 52% for ≥F2, 93.1% and 80.9% for ≥F3, and 75.3% 
and 87.8% for ≥F4, respectively [23]. In a recent direct comparison 
study in NAFLD patients, the AUROCs of 2D-SWE and TE were 0.80 
and 0.74 for ≥F2 and 0.91 and 0.87 for ≥F3, respectively, and 
there was no significant difference in AUROCs between the two 
elastography methods [38]. Similarly, in this study, there was no 
significant difference between 2D-SWE and TE in the comparison of 
AUROCs according to fibrosis stage. For the management of NAFLD 
patients, detection of ≥F2 fibrosis is clinically important since NAFLD 
with ≥F2 fibrosis is prone to progress to a more advanced stage of 
disease, including liver cirrhosis, leading to substantial morbidity 
and mortality [41]. Therefore, considering the results of previous 

Table 3. Evaluation of liver fibrosis using liver stiffness values from 2D-SWE and TE
≥F1 ≥F2 ≥F3 ≥F4

Liver stiffness from 2D-SWE

AUROC (95% CI) 0.89 (0.81-0.94) 0.90 (0.83-0.95) 0.90 (0.83-0.95) 0.88 (0.87-0.97)

Prevalence (n) 42 17 12 5

Cutoff (kPa) 6.0 7.1 7.7 8.8

Sensitivity 0.79 (33/42) 0.94 (16/17) 0.92 (11/12) 0.80 (4/5)

Specificity 0.84 (53/63) 0.86 (76/88) 0.84 (78/93) 0.85 (85/100)

PPV 0.77 (33/43) 0.57 (16/28) 0.42 (11/26) 0.21 (4/19)

NPV 0.85 (53/62) 0.99 (76/77) 0.99 (78/79) 0.99 (85/86)

Liver stiffness from TE

AUROC (95% CI) 0.94 (0.88-0.98) 0.89 (0.81-0.94) 0.91 (0.84-0.96) 0.92 (0.85-0.96)

Prevalence (n) 42 17 12 5

Cutoff (kPa) 5.9 7.0 8.8 9.3

Sensitivity 0.88 (37/42) 0.71 (12/17) 0.83 (10/12) 0.80 (4/5)

Specificity 0.84 (53/63) 0.82 (72/88) 0.89 (83/93) 0.86 (86/100)

PPV 0.79 (37/47) 0.43 (12/28) 0.50 (10/20) 0.22 (4/18)

NPV 0.91 (53/58) 0.94 (72/77) 0.98 (83/85) 0.99 (86/87)
2D-SWE, two-dimensional shear wave elastography; TE, transient elastography; AUROC, area under the receiver operating characteristic curve; CI, confidence interval; PPV, 
positive predictive value; NPV, negative predictive value.
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Fig. 3. Box-and-whisker plots showing liver stiffness (A) from transient elastography (TE) and (B) from two-dimensional shear wave 
elastography (2D-SWE) according to the stage of liver fibrosis. The box represents the interquartile range (25th-75th percentile), and the 
middle line represents the median value of liver stiffness from (A) TE and (B) 2D-SWE. Graphs show the area under the receiver operating 
characteristic curve of TE and 2D-SWE for diagnosing steatosis grade ≥F1 (C), ≥F2 (D), ≥F3 (E), and F4 (F). There was no significant difference 
between TE and 2D-SWE in all fibrosis stages; ≥F1 (0.94 vs. 0.89, P=0.107), ≥F2 (0.89 vs. 0.90, P=0.644), ≥F3 (0.91 vs. 0.90, P=0.703), 
and ≥F4 (0.88 vs. 0.92, P=0.209).
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research and the present study, both TE and 2D-SWE would be good 
noninvasive methods to evaluate the liver fibrosis stage in NAFLD 
patients.

Since NAFLD patients require the assessment of both steatosis 
and fibrosis, a multiparametric approach using either TE with CAP or 
2D-SWE with ATI is needed for a comprehensive evaluation [19,20]. 
In this study, ATI provided significantly better diagnostic performance 
for the detection of ≥S3 than CAP from TE. Regarding the evaluation 
of liver fibrosis, 2D-SWE showed diagnostic performance comparable 
to that of TE. In addition, 2D-SWE with ATI could provide B-mode US 
images of the liver simultaneously, enabling the evaluation of diffuse 
liver disease, hepatic masses, and the biliary system at the same time 
as quantitative measurements. Moreover, B-mode US examination 
of the liver is considered a primary or screening imaging test for 
patients suspected of having NAFLD based on abnormal laboratory 
tests. Given this background, the authors would cautiously suggest 
that 2D-SWE with ATI might be used as a primary imaging test for 
the evaluation of patients with NAFLD.

This study has several limitations. First, the retrospective selection 
of patients who underwent TE with CAP in a prospective study 
cohort may have introduced selection bias. However, the patient 
group of the population was selected prospectively, and among 
them, those who underwent TE with CAP were randomly selected. 
In addition, since the FibroScan method for each center is relatively 
standardized, both tests are not significantly different from those 
collected prospectively; thus, selection bias might have been 
minimized. Second, the distribution of fibrosis in this study showed 
high skewness, and most patients had either F0 or F1 stage fibrosis. 
With this skewed distribution, the exact assessment of diagnostic 
performance and cutoff values of TE and 2D-SWE in detecting ≥F3 
and ≥F4 would be quite difficult, and the findings might be different 
from those of previous studies with different distributions of fibrosis 
stages. Third, in this study, only one US system from a single vendor 
(i.e., Aplio i800; Canon Medical Systems) was used for 2D-SWE and 
ATI examination. Therefore, further studies with different US systems 
from various vendors are warranted to generalize the results of 
this study. Fourth, the histopathology of liver specimens obtained 
from biopsy was evaluated at each center, and a central review was 
not performed. Therefore, there might have been a possibility of 
variability in the histopathologic examinations. Fifth, both M and XL 
probes were used for TE examinations in this study. Since the cutoff 
values might be different between the M and XL probes, this could 
be another limitation of this study. 

In conclusion, 2D-SWE and TE showed comparable diagnostic 
performance in assessing liver fibrosis, and ATI provided significantly 
better performance in detecting ≥S3 than CAP. Therefore, a 
multiparametric approach using 2D-SWE with ATI might be helpful 

and could be used as a primary imaging test for the evaluation of 
NAFLD patients.
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Supplementary Material 1. Patient enrollment status.
Institutional review board of each participating center approved 
retrospective analysis of previous nonalcoholic fatty liver disease 
(NAFLD) cohort (IRB number: H-2210-139-1373 for Seoul National 
University Hospital, WKUH 2022-11-012 for Wonkwang University 
Hospital, ISPAIK 2022-10-006 for Ilsan Paik Hospital, 2210-005-
19439 for Chung-Ang University Hospital, 2022-1584 for Asan 
Medical Center). Among the 132 participants of previous cohort, 
105 participants met the inclusion criteria for this study. Among 

them, 58 participants were potential living liver donors who 
underwent liver biopsy to evaluate NAFLD for decision regarding 
the liver donor eligibility. All of potential liver donors were enrolled 
from Asan Medical Center. Remaining 47 participants underwent 
liver biopsy under the clinical suspicion of NAFLD: 14 participants 
from Seoul national university hospital; 13 participants from Asan 
medical center; 11 participants from Chung-Ang University Hospital; 
six participants from Ilsan Paik Hospital; and three participants from 
Wonkwang University Hospital. 

Supplementary Table 1. Determinant factors for each parameter derived from ultrasound examination

US parameter Characteristic
Univariate analysis Multivariate analysis

Coefficient 95% CI P-value Coefficient 95% CI P-value
Attenuation coefficient 
(dB/cm/MHz) from ATI

Fibrosis 0.039 0.016 to 0.061 0.001 -0.016 -0.053 to 0.001 0.065

Lobular inflammation activity 0.080 0.056 to 0.103 <0.001 0.015 -0.018 to 0.047 0.373

Hepatocyte ballooning 0.092 0.059 to 0.125 <0.001 0.025 -0.018 to 0.068 0.246

Steatosis 0.122 0.105 to 0.139 <0.001 0.121 0.097 to 0.146 <0.001

Age (year) 0.001 -0.001 to 0.003 0.170

Male sex -0.027 -0.080 to 0.026 0.320

Body mass index (kg/m2) 0.014 0.007 to 0.020 <0.001 0.003 -0.002 to 0.007 0.267

ALT (IU/L) 0.001 0.001 to 0.001 <0.001 0.000 -0.001 to 0.001 0.483

AST (IU/L) 0.002 0.001 to 0.002 <0.001 -0.001 -0.002 to 0.001 0.172
Liver stiffness (kPa) from 
2D-SWE

Fibrosis 1.863 1.439 to 2.287 <0.001 0.993 0.242 to 1.744 0.010

Lobular inflammation activity 1.741 1.168 to 2.315 <0.001 -0.341 -1.292 to 0.610 0.478

Hepatocyte ballooning 2.899 2.211 to 3.588 <0.001 1.101 -0.146 to 2.349 0.083

Steatosis 1.724 1.111 to 2.338 <0.001 0.708 -0.016 to 1.432 0.055

Age (year) 0.095 0.059 to 0.131 <0.001 0.015 -0.024 to 0.053 0.453

Male sex 0.494 -0.770 to 1.757 0.440

Body mass index (kg/m2) 0.339 0.191 to 0.486 <0.001 0.183 0.051 to 0.314 0.007

ALT (IU/L) 0.012 0.003 to 0.022 0.012 -0.014 -0.030 to 0.002 0.079

AST (IU/L) 0.031 0.014 to 0.048 <0.001 0.016 -0.013 to 0.044 0.279
Controlled attenuation 
parameter (dB/m) from TE

Fibrosis 26.57 16.69 to 36.45 <0.001 -4.657 -16.47 to 7.16 0.436

Lobular inflammation activity 37.53 26.44 to 48.62 <0.001 -6.075 -24.03 to 8.875 0.422

Hepatocyte ballooning 49.75 34.84 to 64.65 <0.001 6.940 -12.68 to 26.56 0.484

Steatosis 56.60 48.18 to 65.01 0.002 53.53 42.15 to 64.91 <0.001

Age (year) 1.376 0.609 to 2.144 0.001 0.740 0.945 to 5.078 0.016

Male sex -3.610 -28.87 to 21.64 0.777

Body mass index (kg/m2) 7.758 4.925 to 10.59 <0.001 3.012 0.945 to 5.078 0.005

ALT (IU/L) 0.475 0.305 to 0.645 <0.001 0.116 -0.136 to 0.367 0.364

AST (IU/L) 0.825 0.512 to 1.138 <0.001 -0.271 -0.722 to 0.181 0.237

Liver stiffness (kPa) from 2TE Fibrosis 2.513 1.981 to 3.045 <0.001 1.515 0.579 to 2.451 0.002

Lobular inflammation activity 2.476 1.760 to 3.192 <0.001 -1.067 -2.251 to 0.117 0.077

Hepatocyte ballooning 4.086 3.251 to 4.920 <0.001 2.066 0.512 to 3.620 0.010

Steatosis 2.366 1.585 to 3.146 <0.001 0.457 -0.445 to 1.358 0.317

Age (year) 0.112 0.064 to 0.160 <0.001 0.007 -0.041 to 0.055 0.767

Male sex -0.090 -1.733 to 1.552 0.913

Body mass index (kg/m2) 0.422 0.229 to 0.615 <0.001 0.130 -0.034 to 0.294 0.118

ALT (IU/L) 0.027 0.016 to 0.039 <0.001 0.004 -0.016 to 0.024 0.667

AST (IU/L) 0.056 0.036 to 0.076 <0.001 0.013 -0.022 to 0.049 0.458
CI, confidence interval; ATI, attenuation imaging; ALT, alanine aminotransferase; IU, international unit; AST, aspartate aminotransferase; SWE, shear wave elastography; TE, 
transient elastography.



Supplementary Table 2. Patient characteristics according to the grade of hepatic steatosis
S0 (n=34) S1 (n=41) S2 (n=22) S3 (n=8)

Age (year) 30.5 (27.0-37.0) 38.0 (26.8-54.5) 48.0 (43.0-63.0) 34.0 (22.0-47.0)

Sex (male:female) 15:19 23:18 11:11 4:4

Body mass index (kg/m2) 21.8 (20.7-25.1) 25.2 (23.1-27.2) 26.4 (24.0-30.7) 23.6 (22.7-27.0)

Hypertension 4 (11.8) 13 (31.7) 13 (59.1) 1 (12.5)

Diabetes mellitus 0 5 (12.2) 11 (50.0) 4 (50.0)

ALT (IU/L) 10.5 (8.0-18.0) 22.0 (14.8-37.0) 58.5 (40.0-88.0) 168.0 (30.0-246.5)

AST (IU/L) 17.5 (15.0-21.0) 21.0 (17.0-33.8) 43.5 (25.0-60.0) 98.0 (63.5-139.5)

Albumin (mg/dL) 4.2 (4.1-4.4) 4.4 (4.1-4.5) 4.2 (4.0-4.5) 4.2 (3.0-5.0)

Total bilirubin (mg/dL) 0.6 (0.4-0.8) 0.7 (0.5-1.0) 0.6 (0.4-0.6) 1.0 (0.3-1.4)

PT-INR 1.03 (0.95-1.09) 1.01 (0.98-1.07) 1.00 (0.97-1.01) 1.07 (1.01-1.16)
Values are presented as median (IQR) or number (%).
ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT-INR, prothrombin time international normalized ratio; IQR, interquartile range. 

Supplementary Table 3. Evaluation of steatosis using attenuation coefficient and controlled attenuation parameters in patients with 
BMI less than 25 (n=58)

≥S1 (≥5% steatosis) ≥S2 (≥34% steatosis) ≥S3 (≥67% steatosis)

Attenuation coefficient from ATI

AUROC (95% CI) 0.93 (0.83-0.98) 0.99 (0.92-1.00) 0.99 (0.91-1.00)

Prevalence (n) 33 13 5

Cutoff (dB/cm/MHz) 0.62 0.72 0.83

Sensitivity 0.82 (27/33) 1.00 (13/13) 1.00 (5/5)

Specificity 0.96 (24/25) 0.93 (42/45) 0.96 (51/53)

PPV 0.96 (27/28) 0.81 (13/16) 0.71 (5/7)

NPV 0.80 (24/30) 1.00 (42/42) 1.00 (51/51)

Controlled attenuation parameter from TE

AUROC (95% CI) 0.93 (0.83-0.98) 0.99 (0.92-1.00) 0.94 (0.84-0.98)

Prevalence (n) 33 13 5

Cutoff (dB/m) 209 298 298

Sensitivity 0.94 (31/33) 1.00 (13/13) 1.00 (5/5)

Specificity 0.76 (19/25) 0.96 (43/45) 0.81 (43/53)

PPV 0.84 (31/37) 0.87 (13/15) 0.33 (5/15)

NPV 0.90 (19/21) 1.00 (43/43) 1.00 (43/43)
BMI, body mass index; ATI, attenuation imaging; AUROC, area under the receiver operating characteristic curve; CI, confidence interval; PPV, positive predictive value; NPV, 
negative predictive value; TE, transient elastography.



Supplementary Table 4. Evaluation of steatosis using attenuation coefficient and controlled attenuation parameters in patients with 
BMI equal to or greater than 25 (n=47)

≥S1 (≥5% steatosis) ≥S2 (≥34% steatosis) ≥S3 (≥67% steatosis)

Attenuation coefficient from ATI

AUROC (95% CI) 0.92 (0.81-0.98) 0.88 (0.75-0.96) 0.87 (0.74-0.95)

Prevalence (n) 38 17 3

Cutoff (dB/cm/MHz) 0.62 0.69 0.78

Sensitivity 0.84 (32/38) 0.88 (15/17) 1.00 (3/3)

Specificity 1.00 (9/9) 0.73 (22/30) 0.80 (35/44)

PPV 1.00 (32/32) 0.65 (15/23) 0.25 (3/12)

NPV 0.60 (9/15) 0.92 (22/24) 1.00 (35/35)

Controlled attenuation parameter from TE

AUROC (95% CI) 0.94 (0.82-0.99) 0.86 (0.73-0.94) 0.80 (0.66-0.90)

Prevalence (n) 38 17 3

Cutoff (dB/m) 240 285 294

Sensitivity 0.92 (35/38) 0.88 (15/17) 1.00 (3/3)

Specificity 1.00 (9/9) 0.77 (23/30) 0.61 (27/44)

PPV 1.00 (35/35) 0.68 (15/22) 0.15 (3/20)

NPV 0.75 (9/12) 0.92 (23/25) 1.00 (27/27)
BMI, body mass index; ATI, attenuation imaging; AUROC, area under the receiver operating characteristic curve; CI, confidence interval; PPV, positive predictive value; NPV, 
negative predictive value; TE, transient elastography.

Supplementary Table 5. Patient characteristics according to the stage of liver fibrosis
F0 (n=63) F1 (n=25) F2 (n=5) F3 (n=7) F4 (n=5)

Age (year) 31.0 (25.0-38.0) 44.0 (27.8-51.5) 62.0 (47.5-66.5) 63.0 (53.3-66.8) 63.0 (57.8-69.8)

Sex (male:female) 32:31 12:13 2:3 5:2 2:3

Body mass index (kg/m2) 23.3 (20.9-26.2) 25.4 (23.6-31.2) 25.2 (22.2-29.4) 26.9 (24.8-28.9) 27.3 (25.1-28.2)

Hypertension 14 6 2 4 5

Diabetes mellitus 0 7 4 5 4

ALT (IU/L) 14.0 (9.0-19.8) 75.0 (42.8-124.0) 32.0 (19.0-64.0) 73.0 (47.0-112.0) 28.0 (26.0-79.8)

AST (IU/L) 18.0 (15.0-21.8) 54.0 (26.0-96.0) 50.0 (26.3-85.0) 60.0 (52.3-65.5) 42.0 (27.3-56.5)

Albumin (mg/dL) 4.3 (4.1-4.5) 4.4 (4.0-4.6) 3.6 (2.7-3.7) 4.3 (4.1-4.5) 4.0 (3.6-4.2)

Total bilirubin (mg/dL) 0.6 (0.5-0.9) 0.6 (0.4-1.1) 0.8 (0.4-1.4) 0.6 (0.4-0.6) 0.5 (0.4-0.7)

PT-INR 1.02 (0.97-1.06) 1.01 (0.99-1.08) 1.12 (1.01-1.30) 0.98 (0.96-1.00) 1.01 (0.98-1.17)
Values are presented as median (IQR) or number (%).
IQR, interquartile range; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT-INR, prothrombin time international normalized ratio.



Supplementary Table 6. Evaluation of liver fibrosis using liver stiffness value from 2D-SWE and TE in patients with BMI less than 25 
(n=58)

≥F1 ≥F2 ≥F3 ≥F4

Liver stiffness from 2D-SWE

AUROC (95% CI) 0.89 (0.78-0.96) 0.97 (0.89-1.00) 0.91 (0.81-0.97) NA

Prevalence (n) 16 5 3 1

Cutoff (kPa) 6.0 6.4 8.0 NA

Sensitivity 0.75 (12/16) 1.00 (5/5) 0.67 (2/3) NA

Specificity 0.93 (39/42) 0.89 (47/53) 0.87 (48/55) NA

PPV 0.80 (12/15) 0.45 (5/11) 0.22 (2/9) NA

NPV 0.91 (39/43) 1.00 (47/47) 0.98 (48/49) NA 

Liver stiffness from TE

AUROC (95% CI) 0.92 (0.81-0.97) 0.94 (0.84-0.98) 0.97 (0.89-1.00) NA

Prevalence (n) 16 5 3 1

Cutoff (kPa) 4.8 6.1 9.3 NA

Sensitivity 0.94 (15/16) 0.80 (4/5) 1.00 (3/3) NA

Specificity 0.79 (33/42) 0.74 (39/53) 0.96 (51/53) NA

PPV 0.63 (15/24) 0.22 (4/18) 0.60 (3/5) NA

NPV 0.97 (33/34) 0.98 (39/40) 1.00 (51/51) NA 
2D-SWE, two-dimensional shear wave elastography; TE, transient elastography; BMI, body mass index; AUROC, area under the receiver operating characteristic curve; CI, 
confidence interval; PPV, positive predictive value; NPV, negative predictive value; NA, not available.

Supplementary Table 7. Evaluation of liver fibrosis using liver stiffness value from 2D-SWE and TE in patients with BMI equal to or 
greater than 25 (n=47)

≥F1 ≥F2 ≥F3 ≥F4

Liver stiffness from 2D-SWE

AUROC (95% CI) 0.85 (0.72-0.94) 0.83 (0.69-0.92) 0.87 (0.74-0.95) 0.84 (0.70-0.93)

Prevalence (n) 26 12 9 4

Cutoff (kPa) 6.4 7.1 8.1 10.4

Sensitivity 0.73 (19/26) 0.92 (11/12) 0.67 (6/9) 0.75 (3/4)

Specificity 0.90 (19/21) 0.83(29/35) 0.82 (31/38) 0.79 (34/43)

PPV 0.90 (19/21) 0.65 (11/17) 0.46 (6/13) 0.25 (3/12)

NPV 0.73 (19/26) 0.97 (29/30) 0.91 (31/34) 0.97 (34/35)

Liver stiffness from TE

AUROC (95% CI) 0.96 (0.86-1.00) 0.82 (0.68-0.92) 0.87 (0.74-0.95) 0.89 (0.77-0.96)

Prevalence (n) 26 12 9 4

Cutoff (kPa) 5.9 6.8 8.8 10.4

Sensitivity 0.88 (23/26) 0.75 (9/12) 0.78 (7/9) 0.75 (3/4)

Specificity 0.90 (19/21) 0.74 (26/35) 0.82 (31/38) 0.84 (36/43)

PPV 0.92 (23/25) 0.50 (9/18) 0.50 (7/14) 0.30 (3/10)

NPV 0.86 (19/22) 0.90 (26/29) 0.94 (31/33) 0.97 (36/37)
2D-SWE, two-dimensional shear wave elastography; TE, transient elastography; BMI, body mass index; AUROC, area under the receiver operating characteristic curve; CI, 
confidence interval; PPV, positive predictive value; NPV, negative predictive value.


