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Abstract
Purpose Attenuation imaging (ATI) is a new noninvasive ultrasound technique for assessing steatosis grade (S). However, 
validated region-of-interest (ROI) sampling strategies are not currently available. We investigated the diagnostic performance 
of various ATI-ROI positions for determining histopathologic S in patients with nonalcoholic fatty liver disease (NAFLD).
Methods This retrospective study included 105 patients with biopsy-proven NAFLD. All attenuation coefficient (AC, dB/
cm/MHz) measurements were obtained by the same hepatologist using a commercially available ultrasound system on the 
same day as liver biopsy. Mean (± standard deviation) age and body mass index of the patients were 53 (± 18) years and 
27.1 (± 4.1) kg/m2, respectively. The numbers of patients with steatosis affecting < 5%, 5–33%, 33–66%, and > 66% of 
hepatocytes were 8, 50, 29, and 18, respectively. The ATI-ROI was placed at three different positions for AC measurement 
using a dedicated workstation: the upper edge of the area ROI, twice the depth of the liver capsule, and the lower edge of 
the area ROI. Diagnostic performance was evaluated using the area under the receiver-operating characteristic curve (AUC).
Results The AUCs of AC at the three ATI-ROI positions were 0.734 (95% confidence interval [CI]: 0.470–0.998), 0.750 
(0.639–0.861), and 0.878 (0.788–0.968) for S ≥ 1; 0.503 (0.392–0.615), 0.824 (0.741–0.907), and 0.809 (0.724–0.895) for 
S ≥ 2; and 0.606 (0.486–0.726), 0.849 (0.767–0.932), and 0.737 (0.626–0.848) for S = 3, respectively.
Conclusion For accurate steatosis grade assessment, the ATI-ROI should not be placed at the upper edge of the area ROI.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) represents the 
most common chronic liver disease around the world [1] 
and is largely influenced by the occurrence of metabolic syn-
drome and obesity [2]. Nonalcoholic steatohepatitis (NASH) 
is considered the more aggressive part of the NAFLD spec-
trum, leading to more rapid progression from fibrosis to cir-
rhosis and hepatocellular carcinoma, which are established 
risk factors for liver-related death [3].

Hepatic steatosis, which is the accumulation of fat within 
hepatocytes, is the key manifestation of NAFLD. This condi-
tion is pathologically diagnosed when at least 5% of hepato-
cytes contain fat deposition [4]. It has been demonstrated 
that substantial steatosis causes progression to fibrosis in 
patients with NAFLD [5], and that the quantity of liver fat is 
associated with the risk of cardiovascular disease in patients 
with NAFLD [6]. Thus, noninvasive quantitative assessment 
of steatosis is a clinical necessity for the diagnosis and fol-
low-up of patients with NAFLD/NASH.

The ultrasound (US) beam is more attenuated by liver 
steatosis compared to normal liver. Using this physical prop-
erty, the degree of attenuation (i.e., attenuation coefficient 
[AC]) can be used to quantitatively assess liver steatosis [7]. 
Recently, a commercial-based US scanner (Aplio i-series) 
was equipped with software based on quantification of atten-
uation of the US beam (Attenuation Imaging [ATI]; Canon 
Medical Systems, Tochigi, Japan), which can calculate 
AC and assess the degree of liver steatosis in daily clinical 
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practice. Tada et al. [8] evaluated the diagnostic performance 
of ATI, with histopathologic findings as the reference stand-
ard, and reported that the area under the receiver-operating 
characteristic curve (AUC) was 0.85 for steatosis grade S1 
(5%–33% of hepatocytes containing fat), 0.91 for steatosis 
grade S2 (33%–66% of hepatocytes containing fat), and 0.91 
for steatosis grade S3 (> 66% of hepatocytes containing fat).

The AC is calculated in a 2 × 4 cm fan-shaped meas-
urement region-of-interest (ROI) within the sampling box 
(Fig. 1). The ATI system can filter out large vessels or strong 
artifacts within the sampling box, which can enhance the 
reliability of AC measurements. During AC measurement, 
the operator can freely move both the measurement ROI 
and the sampling box so that they can avoid artifacts such 
as strong orange areas that usually appear in the upper edge 
of the sampling box, or dark blue areas posterior to blood 
vessels [9]. However, this may cause some confusion as to 
how deep the measurement ROI should be placed, because 
the deeper the ROI position is, the smaller the AC value 
becomes (Fig. 1). Thus, establishment of a standardized 
approach for ROI-based AC measurement is warranted.

The present study was, therefore, conducted to evaluate 
the diagnostic performance of the AC values obtained with 
ATI at different ROI positions in assessing the histopatho-
logic steatosis grade, and to determine the most appropriate 
ATI-ROI position.

Materials and methods

Subjects

This study involved the retrospective analysis of 105 liver 
ATI datasets collected between April 2017 and March 2019, 

which were previously acquired for studies at Tokyo Medical 
University [10], in which six patients were removed from 
the analyses due to the inability to use row data. All patients 
had biopsy-proven NAFLD/NASH. All ATI examinations 
were performed on the same day as liver biopsy. The study 
was approved by our institutional review board with waiver 
of informed consent. The mean (± standard deviation) val-
ues for age and body mass index of the patients were 53 
(± 18) years and 27.1 (± 4.1) kg/m2, respectively. Eighty-five 
(81.0%) of the 105 patients were diagnosed with NASH. 
The baseline demographic, biochemical, histopathologic, 
and ATI data of the patients are summarized in Table 1.

ATI examination

All ATI examinations were performed by the same phy-
sician with more than 15 years of experience in liver US, 
using a diagnostic US scanner (Aplio i800; Canon Medical 
Systems) with a 3.5-MHz convex transducer (PVI-475BX; 
Canon Medical Systems). Each examination was conducted 
where liver biopsy was likely to be performed. First, ATI 
mode was initiated, and the examination was then performed 
via an intercostal space while the patient held his or her 
breath. A fan-shaped sampling box was positioned in the 
liver parenchyma at the upper edge of the liver capsule. 
Then, a 2 × 4 cm fan-shaped ROI (which is the default set-
ting for measurement) was placed within the sampling box. 
Detailed information concerning ATI examination meth-
ods is described elsewhere [8, 11]. The AC value (dB/cm/
MHz) was displayed at the lower left corner, and the reli-
ability of the results was also displayed in terms of the R2 
value, with R2 values categorized as poor (R2 < 0.80), good 
(R2 = 0.81–0.89), or excellent (R2 ≥ 0.90). Based on informa-
tion provided by the manufacturer, AC values with R2 ≥ 0.80 

Fig. 1  Attenuation image of a 34-year-old man with biopsy-proven 
nonalcoholic steatohepatitis. The steatosis grade is 3. a The yellow 
sampling region-of-interest (ROI) is placed at the upper edge of the 
area ROI. The attenuation coefficient (AC) is 1.09  dB/cm/MHz. b 

The yellow sampling ROI is placed at twice the depth of the liver 
capsule. The AC is 0.99 dB/cm/MHz. c The yellow sampling ROI is 
placed at the lower edge of the area ROI. The AC is 0.58 dB/cm/MHz
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were considered valid measurements. The ATI examination 
was performed until five valid measurements were obtained 
and recorded. The depth of the liver capsule, which was 
defined as the distance from the skin surface to the liver 
capsule, was also measured. These data were transferred to 
a dedicated workstation (Vitrea; Canon Medical Systems) 
for offline analysis.

Image analysis

To evaluate the diagnostic performance of the ATI AC val-
ues obtained at different ROI positions in assessing the his-
topathologic steatosis grade and to determine the most reli-
able ATI-ROI position, one representative ATI image that 
did not contain artifacts such as large blood vessels in the 
sampling ROI was selected from among the five acquired 
ATI images. Then, using the ATI raw data, the ATI-ROI 
was placed at three different positions for AC measurement 
at the dedicated workstation: the upper edge of the area ROI, 
twice the depth of the liver capsule, and the lower edge of 
the area ROI (Fig. 1). Each measured AC value was recorded 
for analysis. All these procedures were performed by a sin-
gle technician with more than 10 years of experiences in 
liver US, who was blinded to the clinical and histopathologic 
information.

Histopathologic evaluation

Immediately after acquisition of ATI data, part of which 
were used in this study, US-guided percutaneous liver biopsy 
was performed using an 18- or 16-gauge core needle biopsy 
kit (CorVocet; Merit Medical Systems, Inc., Utah, USA) 
according to the standard protocol. Liver biopsy was per-
formed at a location as close as possible to the area in which 
the ATI examination was performed. Detailed information 
is described elsewhere [10]. In brief, histopathologic scor-
ing was performed using the Clinical Research Network in 
NASH scoring system [12], and the diagnosis of NASH was 
based on the classification described by Matteoni et al. [13].

Statistical analysis

To summarize the data background, continuous variables 
are expressed as mean ± standard deviation, and categorical 
variables are expressed as absolute figures with percentages. 
The differences in AC between steatosis grades were each 
assessed using the Kruskal–Wallis test. Pairwise Wilcoxon 
tests were also used for univariate comparisons between the 
groups. In this analysis, multiple testing corrections were not 
performed because this was an exploratory analysis requir-
ing validation in an external and/or independent cohort. The 
overall performance of the AC values obtained at the three 
different ATI-ROI positions for the assessment of steatosis 

Table 1  Baseline demographic, biochemical, histopathologic, and 
ATI data of patients

2D-SWE two-dimensional shear wave elastography, ATI attenuation 
imaging, SD standard deviation, BMI body mass index, AST aspartate 
aminotransferase, ALT alanine aminotransferase, γ-GTP gamma-glu-
tamyl transpeptidase, ALP alkaline phosphatase, NASH nonalcoholic 
steatohepatitis, NAFLD nonalcoholic fatty liver disease, U upper edge 
of the area ROI, T twice the depth of the liver capsule, L lower edge 
of the area ROI

Characteristics Patients under-
going biopsy, 
ATI
[n = 105]

Demographics
 Men (%) 55 (52.9)
 Age [years], mean (SD) 53 (18)
 Weight [kg], mean (SD) 73.0 (15.4)
 Height [m], mean (SD) 1.64 (0.10)
 BMI [kg/m2], mean (SD) 27.1 (4.1)

Biochemical profile
 Platelets [/104 μL], mean (SD) 23.8 (9.1)
 AST [U/L], mean (SD) 53.8 42.5
 ALT [U/L], mean (SD) 76.5 52.8
 γ-GTP [U/L], mean (SD) 91.8 (96.2)
 ALP [U/L], mean (SD) 259.5 (101.0)
 Fasting blood glucose [mg/dL], mean (SD) 105.1 (24.2)
 HbA1c [%], mean (SD) 6.1 (1.2)

Histopathology
Steatosis (%)
 0 8 (7.6)
 1 50 (47.6)
 2 29 (27.6)
 3 18 (17.1)

Lobular inflammation (%)
 0 2 (1.9)
 1 39 (37.1)
 2 55 (52.4)
 3 9 (8.6)

Ballooning (%)
 0 15 (14.3)
 1 33 (31.4)
 2 57 (54.3)

Fibrosis (%)
 0 18 (17.1)
 1 35 (33.3)
 2 14 13.3)
 3 19 (18.1)
 4 19 (18.1)

NASH
 NAFLD, not NASH (%) 20 (19.0)
 NASH (%) 85 (81.0)
 Depth of the liver capsule [mm], mean (SD) 33.6 (9.3)

Attenuation coefficient [dB/cm/MHz], mean (SD)
 U 0.99 (0.27)
 T 0.77 (0.14)
 L 0.63 (0.16)



618 Journal of Medical Ultrasonics (2021) 48:615–621

1 3

grade was estimated using the AUC together with the 95% 
confidence interval (CI). AUCs were compared using the 
Delong test. Multivariate linear regression analysis was used 
to identify significant determinant factors for AC at each 
of the three different ROI positions. All statistical analy-
ses were performed using EZR software (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan). Values 
of P < 0.05 were considered statistically significant, and CIs 
were reported at the 95% level.

Results

AC values obtained at three different ATI‑ROI 
positions

Upper edge of the area ROI

Boxplots of AC versus steatosis grade are shown in Fig. 2a. 
The AC values showed no significant differences between 
steatosis grades S0, S1, S2, and S3 (Kruskal–Wallis test: 
P = 0.0504; Wilcoxon test: P = 0.0340 between S0 and S1, 
P = 0.0387 between S0 and S2, and no significant differ-
ences in other comparisons). The AUCs of the AC values 
for the detection of hepatic steatosis are detailed in Table 2. 
The median values and interquartile ranges in parentheses 
for S0, S1, S2, and S3 were 1.38 (0.84, 1.67), 0.95 (0.84, 
1.05), 0.95 (0.83, 1.03), and 1.00 (0.94, 1.06), respectively. 
Diagnostic performance was an AUC of 0.734 (95% CI: 
0.470–0.998) for steatosis grade ≥ S1, an AUC of 0.503 
(95% CI: 0.392–0.615) for ≥ S2, and an AUC of 0.606 (95% 
CI: 0.486–0.726) for S3.

Twice the depth of the liver capsule

The AC values showed significant differences between 
steatosis grades S0, S1, S2, and S3 (Kruskal–Wallis test: 
P < 0.0001; Wilcoxon test: P = 0.3848 between S0 and S1, 
P = 0.0221 between S2 and S3, P = 0.0020 between S0 and 
S2, P = 0.0003 between S1 and S2, and P < 0.0001 in other 
comparisons) (Fig. 2b). The median values and interquartile 
ranges in parentheses for S0, S1, S2, and S3 were 0.68 (0.61, 
0.71), 0.69 (0.62, 0.79), 0.84 (0.73, 0.90), and 0.93 (0.83, 
1.01), respectively. Diagnostic performance was an AUC 
of 0.750 (95% CI: 0.639–0.861) for steatosis grade ≥ S1, an 
AUC of 0.824 (95% CI: 0.741–0.907) for ≥ S2, and an AUC 
of 0.849 (95% CI: 0.767–0.932) for S3 (Table 2).

Lower edge of the area ROI

The AC values showed significant differences between 
steatosis grades S0, S1, S2, and S3 (Kruskal–Wallis test: 
P < 0.0001; Wilcoxon test: P = 0.6853 between S2 and S3, 

Fig. 2  a Boxplots of attenuation coefficient (AC) measured at the upper 
edge of the area ROI versus steatosis grade. AC shows no significant dif-
ferences between steatosis grades S0, S1, S2, and S3 (Kruskal–Wallis 
test: P = .0504; Wilcoxon test: P = .0340 between S0 and S1, P = .0387 
between S0 and S2, and no significant differences in other comparisons). 
b Boxplots of AC measured at twice the depth of the liver capsule ver-
sus steatosis grade. AC shows significant differences between steatosis 
grades S0, S1, S2, and S3 (Kruskal–Wallis test: P < .0001; Wilcoxon test: 
P = .3848 between S0 and S1, P = .0221 between S2 and S3, P = .0020 
between S0 and S2, P = .0003 between S1 and S2, and P < .0001 in other 
comparisons). c Boxplots of AC measured at the lower edge of the area 
ROI versus steatosis grade. AC shows significant differences between 
steatosis grades S0, S1, S2, and S3 (Kruskal–Wallis test: P < .0001; Wil-
coxon test: P = .6853 between S2 and S3, P = .0061 between S0 and S1, 
P = .0002 between S0 and S2, P = .0002 between S0 and S3, P = .0003 
between S1 and S2, and P < .0001 in other comparisons)
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P = 0.0061 between S0 and S1, P = 0.0002 between S0 and 
S2, P = 0.0002 between S0 and S3, P = 0.0003 between S1 
and S2, and P < 0.0001 in other comparisons) (Fig. 2c). 
The median values and interquartile ranges in parentheses 
for S0, S1, S2, and S3 were 0.465 (0.315, 0.533), 0.560 
(0.485, 0.673), 0.740 (0.635, 0.795), and 0.735 (0.668, 
0.818), respectively. Diagnostic performance was an AUC 
of 0.878 (95% CI: 0.788–0.968) for steatosis grade ≥ S1, 
an AUC of 0.809 (95% CI: 0.724–0.895) for ≥ S2, and an 
AUC of 0.737 (95% CI: 0.626–0.848) for S3 (Table 2).

Comparison of diagnostic performance of AC 
in detecting each steatosis grade according 
to ATI‑ROI position

For steatosis grade ≥ S1, no significant differences in AUC 
were observed between the three ATI-ROI positions. For 
steatosis grade ≥ S2, the AUCs at twice the depth of the 
liver capsule (0.824) and at the lower edge of the area 
ROI (0.809) were significantly higher than the AUC at the 
upper edge of the area ROI (0.503) (P < 0.0001), but no 
other significant differences were observed. For steatosis 
grade S3, the AUC at twice the depth of the liver capsule 
(0.849) was significantly higher than the AUC at the upper 
edge of the area ROI (0.606) (P < 0.0001), but no other 
significant differences were observed. Details are shown 
in Table 2.

Factors affecting AC values obtained at three 
different ATI‑ROI positions

Multivariate liner regression analysis revealed that hepatic 
steatosis was significantly associated with ACs at both twice 
the depth of the liver capsule (P = 0.0002) and the lower 
edge of the area ROI (P = 0.0001), and age was signifi-
cantly associated with ACs at the lower edge of the area ROI 
(P = 0.0010). There were no significant factors associated 
with ACs at the lower edge of the area ROI (Tables 3, 4, 5).  

Discussion

The objective of this study was to determine the most 
appropriate ROI position for ATI for assessing the histo-
pathologic steatosis grade. Three different ATI-ROI posi-
tions were evaluated: the upper edge of the area ROI, twice 
the depth of the liver capsule, and the lower edge of the 

Table 2  Diagnostic 
performance of attenuation 
coefficient in identifying each 
steatosis grade

†  P < .0001
U: upper edge of the area ROI
T: twice the depth of the liver capsule
L: lower edge of the area ROI
ROI region-of-interest, AUC  area under the receiver-operating characteristic curve, CI confidence interval

ROI position U T L

Steatosis grade AUC 95% CI AUC 95% CI AUC 95% CI

 ≥ 1 0.734 0.470–0.998 0.750 0.639–0.861 0.878 0.788–0.968
 ≥ 2 0.503 0.392–0.615 0.824† 0.741–0.907 0.809† 0.724–0.895
3 0.606 0.486–0.726 0.849† 0.767–0.932 0.737 0.626–0.848

Table 3  Factors affecting attenuation coefficients at upper edge of the 
area ROI

CI confidence interval

Factor Multivariate analysis

Coefficient 95% CI P value

Male gender 0.0553 − 0.0609, 0.1715 0.3471
Age − 0.0009 − 0.0046, 0.0028 0.6245
Body mass index 0.0006 − 0.0133, 0.0146 0.9271
Depth of the liver capsule 0.0084 − 0.0038, 0.0206 0.1750
Alanine aminotransferase − 0.0005 − 0.0017, 0.0008 0.4574
HbA1c -0.0106 − 0.0640, 0.0428 0.6952
Fibrosis stage − 0.0048 − 0.0503, 0.0406 0.8331
Steatosis grade − 0.0674 − 0.14239, 0.0077 0.0779

Table 4  Factors affecting attenuation coefficients at twice the depth 
of the liver capsule

CI confidence interval

Factor Multivariate analysis

Coefficient 95% CI P value

Male gender 0.0260 − 0.0255, 0.0775 0.3182
Age − 0.0011 − 0.0027, 0.0005 0.1850
Body mass index 0.0001 − 0.0061, 0.0063 0.9728
Depth of the liver capsule − 0.0019 − 0.0073, 0.0035 0.4843
Alanine aminotransferase 0.0002 − 0.0004, 0.0008 0.4682
HbA1c − 0.0074 − 0.0311, 0.0162 0.5341
Fibrosis stage − 0.0148 − 0.0350, 0.0053 0.1480
Steatosis grade 0.0652 0.0319, 0.0984 0.0002
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area ROI. The results showed that placing the ATI-ROI 
at the upper edge of the area ROI should definitely be 
avoided due to the lower AUC as compared to the other 
positions.

A pronounced dark orange area, which usually appears 
in the upper edge of the ROI, should not be included in 
the measurement ROI because it has been deemed to be 
an artifact (e.g., reverberation artifact). Although ATI can 
calculate ACs, when automatically filtering out pronounced 
artifacts such as large vessels, the system cannot avoid such 
reverberation artifact if the measurement ROI includes the 
artifact because the system cannot distinguish reverberation 
artifacts and high attenuation due to fat content. Thus, using 
the US system’s trackball, the operator should intentionally 
avoid the pronounced dark orange area, as supported by our 
results.

The ATI-ROI position that is most appropriate (at twice 
the depth of the liver capsule or at the lower edge of the 
area ROI) may depend on the individual patient. The results 
showed that for steatosis grade ≥ S1, the AUC at the lower 
edge of the area ROI (0.878) tended to be higher than the 
AUC at twice the depth of the liver capsule (0.750). On 
the other hand, for steatosis grade S3, the AUC at twice 
the depth of the liver capsule (0.849) tended to be higher 
than the AUC at the lower edge of the area ROI (0.737). 
Based on these results, for patients suspected to have severe 
steatosis, the ATI-ROI should be placed at twice the depth 
of the liver capsule, and for patients suspected to have mild 
steatosis, the ATI-ROI should be placed at the lower edge of 
the area ROI. However, it should be noted that when com-
paring measurement results obtained on different days in the 
same patient, we should strictly place the ROI at the same 
level in the liver.

Sugimoto et al. [10] reported the diagnostic performance 
of ATI for the assessment of steatosis grade. In the study, 
they placed the ATI measurement ROI at least 1.5  cm 
below the liver capsule to avoid reverberation artifacts, 

but unfortunately there was no rigid rule on how to place 
it. They showed a boxplot of AC versus steatosis grade, in 
which there was a statistically significant different between 
S0 and S3 (P < 0.001) and between S0 and S1 (P = 0.01), 
but there was no statistically significant difference between 
S2 and S3 (P = 0.34). In contrast, when the ROI was placed 
at twice the depth of the liver capsule in our study, there 
was a statistically significant difference between S2 and S3 
(P = 0.0221).

Moreover, in the previous studies using ATI, although 
the cutoff AC values for steatosis grades ≥ S1 and ≥ S2 
were relatively consistent, i.e., steatosis grade ≥ S1 (0.67 to 
0.64 dB/cm/MHz) and ≥ S2 (0.72 to 0.70 dB/cm/MHz), the 
cutoff AC values for steatosis grade S3 were inconsistent 
(0.86–0.73 dB/cm/MHz) [10, 14]. The main reason for this 
discrepancy is thought to be the lack of strict guidelines 
concerning ROI placement. Our findings suggest that as 
the steatosis grade increases, the AC values exhibit greater 
fluctuation from shallow to deep areas. Thus, those results 
also suggest that to differentiate between S2 and S3, i.e., 
relatively high steatosis grades, we should place the ROI at 
twice the depth of the liver capsule.

We also investigated several factors that were associated 
with ACs at each of the three ROI positions and determined 
that hepatic steatosis was significantly associated with ACs 
at both twice the depth of the liver capsule (P = 0.0002) and 
the lower edge of the area ROI (P = 0.0001). In contrast, 
there were no significant factors associated with ACs at the 
upper edge of the area ROI, which also strongly suggests 
ACs at the upper edge of the area ROI were reliable. In 
addition, Jeon et al. [15] stated that not only the degree of 
steatosis assessed at MRI-PDFF but also the stage of fibro-
sis at MRE were significant determinant factors in the ACs 
measured with ATI, which was not in line with our results. 
Although the precise reason is not clear, the discrepancy 
may be caused by the difference in the patient population 
and the difference in the distribution of intrahepatic fibrosis. 
However, unlike their study, our data are based on the his-
tological proof, which may be the advantage of the present 
study.

There are several limitations in the present study. First, 
the study was retrospective in nature and included a rela-
tively small number of patients, especially S0, all of whom 
were Japanese. Thus, this might have influenced the accu-
racy when distinguishing between S0 and ≥ S1. It is known 
that ethnicity is correlated with a variety of pathologies. 
Further studies involving larger numbers of patients from a 
variety of ethnic groups are warranted. Second, AC meas-
urements were performed using one image for each patient, 
without taking into account the variability that may arise 
when consecutive measurements are obtained. Third, fat 
deposition in the liver is not necessarily homogeneous, 
which may have affected our results. However, we performed 

Table 5  Factors affecting attenuation coefficients at lower edge of the 
area ROI

CI confidence interval

Factor Multivariate analysis

Coefficient 95% CI P value

Male gender 0.0281 − 0.0277, 0.0838 0.3200
Age − 0.0024 − 0.0041, -0.0006 0.0010
Body mass index − 0.0020 − 0.0086, 0.0048 0.5800
Depth of the liver capsule 0.0033 − 0.0025, 0.0092 0.2616
Alanine aminotransferase − 0.0001 − 0.0007, 0.0005 0.6987
HbA1c 0.0031 − 0.0225, 0.0287 0.8095
Fibrosis stage − 0.0083 − 0.0302, 0.0135 0.4505
Steatosis grade 0.0724 0.0364, 0.1084 0.0001
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liver biopsy at homogeneous fat deposition sites as strictly 
as possible in this series and performed the ATI examina-
tion. Finally, we did not evaluate the reproducibility (inter-
observer agreement) and repeatability (intra-observer agree-
ment) of the different ROI positions for measuring AC with 
ATI. However, it has been reported that the intra-observer 
reproducibility, assessed by means of the intra-class corre-
lation coefficient (ICC), ranges from 0.81 to 0.98, whereas 
the inter-observer reproducibility ranges from 0.79 to 0.92 
[15, 16].

Conclusion

In conclusion, this study evaluated the diagnostic perfor-
mance of the AC values obtained with ATI at three dif-
ferent ROI positions in the liver. Clinicians who perform 
ATI examinations to assess steatosis grade can improve the 
diagnostic performance of AC by avoiding the upper edge 
of the area ROI and placing the ATI-ROI as consistently as 
possible.
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