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Background: Attenuation Imaging (ATI) is a novel method for assessment of  
hepatic steatosis, based on ultrasound attenuation by calculating attenuation  
coefficient which increases in the fatty liver condition. The previous published 
data comparing ATI and Magnetic Resonance Proton Density Fat Fraction  
(MR-PDFF) has moderate to high correlation coefficient (r=0.66-0.81). However, 
fatty liver is commonly associated with obesity which may be an influencing factor 
of the ATI measurement.

Objective: The purpose of this study was to evaluate diagnostic accuracy of ATI in 
non-alcoholic fatty liver disease (NAFLD) compared to MRI-PDFF.
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Materials and Methods: The 62 non-alcoholic fatty liver disease (NAFLD)  
patients with available ATI, MRI-PDFF, and MRE examination, excluding  
cirrhosis, history of significant alcohol drinking, and chronic liver condition were 
retrospectively evaluated. 

Results: The correlation coefficient (r) of ATI vs MRI-PDFF were in moderate 
correlation (r = 0.63-0.69, p<0.001). The inter-observer reliability of two observers 
was 100% with the Cohen kappa coefficient of 1.00 (p < 0.001). Area under the  
receiver operating characteristics of ATI for diagnosis of steatosis grade > 0 was 
0.96 and for diagnosis of steatosis grade > 1 was 0.83.

Conclusions: ATI is a novel ultrasound method to quantify the degree of fat  
deposition with a moderate correlation to MRI-PDFF with high interobserver’  
reliability. Obesity commonly associated with fatty liver may be an interfering  
factor of ATI measurement.

Keywords: Attenuation imaging, Fatty liver, Steatosis, MRI-PDFF, MRE, NAFLD.
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Non-alcoholic fatty liver disease (NAFLD), the most common chronic liver  
disease worldwide, is increasing rapidly in terms of prevalence, estimated to be 
25.24%, 20-30%, and 9.26% in the world, Western countries, and Asia, respectively 
[1,2]. NAFLD is associated with metabolic risk factors including obesity, insulin  
resistance and hyperlipidemia. The estimated prevalence of NAFLD in obese  
people, defined as those who have the body mass index (BMI) >25 kg/m2,  
hyperlipidemia, and diabetic patients have been reported to be 67%- 94%, 50%, 
and 70%, respectively [3-7].

The excessive accumulation of triglyceride in the hepatocyte in NAFLD patients, 
could induce inflammation, leading to non-alcoholic steatohepatitis (NASH) 
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and clinically significant fibrosis which eventually progresses to hepatic cirrhosis 
and potentially develops into hepatocellular carcinoma (HCC) [1]. Although the  
degree of fibrosis is reported to be related to mortality, significant steatosis is 
found to associate with fibrosis progression in NAFLD [8]. Unlike the cirrhotic  
stage, NAFLD and early-stage NASH are considered reversible with proper  
treatment and lifestyle modification [9]. Hence, the ability to early detect and  
begin treatment monitoring are crucial steps to prevent disease progression to  
irreversible liver cirrhosis. 

Liver biopsy is the gold standard for diagnosing and grading hepatic steatosis,  
inflammation and fibrosis. However, this procedure is invasive and still has 
some disadvantages and complications, including sampling error, bleeding, and  
infection [10]. To overcome these limitations, non-invasive imaging methods 
have been developed as surrogate methods such as magnetic resonance imaging 
proton density fat fraction (MRI-PDFF), computed tomography (CT), controlled  
attenuation parameter (CAP), and conventional ultrasound [11]. 

MRI-PDFF is an accepted non-invasive standard method to quantify fat using 
chemical-shift imaging (CSI), which has been reported by earlier studies to have 
excellent correlation with liver biopsy in detection and grading hepatic steatosis  
[12]. Some studies also demonstrate that MRI-PDFF can be used to evaluate  
treatment response for NAFLD in the clinical trials [13-15]. Since this method is 
expensive and not wildly available, it is not practical to perform MRI-PDFF as a 
screening tool in large population.

Non-contrast enhanced CT scan is a method to assess hepatic steatosis, using  
attenuation values to interpret fat component in hepatocytes [16]. This method 
has high sensitivity and specificity in detection of significant fatty liver > 30%  
steatosis, limiting the detection of mild steatosis. Radiation exposure is also a main 
limitation for monitoring purpose [17]. 

CAP is a non-invasive method based on ultrasound properties, which is  
implemented in the FibroScan®(Echosens, Paris, France). This method is reported  
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to have high diagnostic accuracy to detect histologically diagnosed hepatic  
steatosis [11, 18, 19]. Still, some factors such as skin to liver capsule distance,  
technical error related to operator, invalid value, intolerable pain, and undetectable  
liver could lower the accuracy rate [20]. Furthermore, the CAP technique 
is a dedicated measurement method that does not provide hepatic imaging  
information; therefore, surveillance of other liver conditions cannot be accessed 
using this method alone.

Conventional ultrasound is widely used for the screening hepatic steatosis, owing  
to the inexpensiveness and availability. Bright liver score, a semi-quantitative scale, 
is used to grade hepatic steatosis by comparing liver parenchymal echogenicity  
to the kidney and wall of hepatic vessels [21].  Many studies reported a good  
correlation between bright liver score and liver biopsy in the detection of hepatic 
steatosis [22, 23]. However, in patients with mild steatosis, the accuracy of this 
method is dramatically decreased [24], impeding the detection of early NAFLD 
[25].

To overcome the conventional ultrasound limitations, the novel technique  
implemented in the ultrasound system for assessment of hepatic steatosis based 
on ultrasound attenuation properties has been developed. Attenuation imaging 
(ATI; Canon Medical Systems Corporation, Otawara, Tochigi, Japan) is a potential  
tool for quantifying fat in the liver by calculating the attenuation coefficient of  
ultrasound in liver tissue, presuming that higher fat composition will increase  
ultrasound attenuation. ATI can be performed by defining the region of interest  
(ROI) for attenuation measurement with ultrasound imaging. This method  
eliminates the interfering factors including time gain compensation and beam  
focusing in order to receive simple signal intensity profile of the sound to calculate 
attenuation coefficient of the liver [26, 27].

Several published data, regarding ATI, have shown positive results. A few recent 
studies claimed a moderate to high correlation between ATI and MRI-PDFF 
with correlation coefficient = 0.66-0.81, p<0.001).  Tada et al, reported a good  
performance of ATI, as compared to liver biopsy, with the diagnostic accuracy 
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between 76.4-85.1% and area under the receiver operating characteristic curve 
(AUROC) between 0.85-0.91. However, in the subgroup of the obese patients, the 
diagnostic accuracy drops from 76-85% to 58-68% in significant fatty liver (grade 
≥ 2) [26]. According to recent information, ATI could potentially be another  
non-invasive method to quantitatively evaluate hepatic steatosis with the need of 
more data validation, especially in obese population.  

The purpose of this study was to investigate the diagnostic capability and  
correlations of ATI, comparing with MRI-PDFF for detection and staging of  
hepatic steatosis in NAFLD patients, focusing on obese patients.

Study design and population
This retrospective study was approved by the Ethics Committee for Human  
Research of the Chulabhorn Research Institute (Certificate number 071/2562). 
This was undertaken to follow the international ethical guideline and Declaration 
of Helsinki patients.  Informed consent was waived. 

All consecutive non-alcoholic fatty liver disease patients who underwent MR  
elastography, MRI-PDFF with available ATI information at Chulahborn hospital 
from August to October 2019 were included.  

Information of clinical evaluation for fatty liver, basic anthropometric examination,  
fasting biochemical tests including serum aspartate aminotransferase (AST),  
alanine aminotransferase (ALT), Triglyceride (TG), Cholesterol and Platelet  
values were collected. Inclusion criteria were (i) patients at the age of 18 or above 
(ii) patients who were clinically diagnosed as having the non-alcoholic fatty liver  
disease (NAFLD) defined by elevated ALT ( ≥ 40 U/L) with liver sonography  
findings suggestive of fatty liver. Exclusion criteria included (i) known cirrhosis (ii)  

Materials and methods
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daily alcohol drinking > 30 g in men, 20 g in women (iii) chronic viral  
hepatitis B, C, and other known chronic liver diseases such as autoimmune  
hepatitis, primary biliary cholangitis, etc. 

ATI Evaluation technique 
All patients who underwent conventional gray-scale US and ATI examinations  
were performed by two operators (S.S. and P.H.) with 12 and 3 years of  
experience in abdominal US imaging, respectively. Both operators were blinded 
to the patients’ clinical details as well as MRI-PDFF and laboratory results. Liver  
sonography and ATI examinations were performed using an ultrasound scanner 
(Aplio i800, Canon Medical Systems, Otawara, Japan) with a 1-8 MHz multi- 
frequency convex probe. All patients who underwent ATI had fasted for at least 6 
hours before examination. All images were obtained in the supine position and the 
intercostal approach.

For attenuation coefficient measurement of ATI, a 2x4 cm fixed measurement  
region of interest (ROI) was placed in the middle of the attenuation coefficient 
map (26). The included ROI was placed on the liver parenchyma, avoiding internal 
vessels, with the upper margin at least 2 cm below the liver capsule (Figure 1).

The degree of attenuation was color-coded and displayed in the sampling box of 
ATI. The resulting attenuation coefficient was displayed in the units of dB/cm/
MHz. Automated linear regression comparing the observed and the expected  
values by the machine was represented as R2 values, which are classified as poor 
(R2 < 0.80), good (R2 = 0.80-0.89), or excellent (R2 ≥ 0.90) [28].

For the evaluation of inter-observer reliability, the assessment was conducted in 
a series of 18 subjects.  Two operators (S.S. and P.H) performed two sets of 5 ATI 
measurements on the same subject by an alternating set of measurements between 
two operators.  Measured attenuation coefficient will be categorized into steatosis 
grade S1, S2, and S3 using cut off level at 0.63, 0.72, 0.75 cm/dB/MHz, respectively 
according to prior published studies [26-29].    

Hiranrat P., et al.
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Figure 1. The green box in the right image shows the attenuation color map of ROI  
(region of interest). The upper margin of the ROI should be about 2 cm below the liver  
capsule. The measurement area, a yellow box of a fixed 4X2cm as shown in the right  
image, should be placed at the center of ROI, avoiding major vasculatures.

MRI-PDFF and MR elastography
MRI-PDFF and MRE are incorporated into the routine MRI protocol to assess  
hepatic steatosis and fibrosis in NAFLD patients. MRI was performed with 3.0 
Tesla (Ingenia; Philips Healthcare, Best, Netherlands) Protocol of MR-PDFF and 
MRE are shown in Table 1.
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Parameter MRI-PDFF MRE

Pulse sequence  FSPGR GRE

Matrix 300x300 300x85

No. of signal acquired 1 1

Echo time (msec) 5.9 20

Repetition time (msec) 1.05 50

Delta echo time (msec) 0.7 -

Flip angle (deg) 5 30

Bandwidth (kHz) - 287

No. of sections 64 4

Section thickness (mm) 5 10

Section gab (mm) 10 1

No. of phases - 4

MEG frequency (Hz) - 60

Axis of MEG - Z

Driver frequency (Hz) - 60

Driver cycles per trigger - 3

No. of breath holds 1 4

Breath hold mode Expiration Expiration

Acceleration factor - 2

Imaging time 7 sec 1.10 min

mDIXON images Water, fat, fat fraction, T2* -

Table 1. MRI technique for MRI proton density fat fraction and MR elastography. 
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Percentage fat fraction measurement on the MRI-PDFF was performed using a 
3x3 cm ROI at the parenchyma of the left lateral hepatic lobe, right anterior, and 
posterior of the right hepatic lobe, respectively (Figure 2).  

Quantification of liver fat was categorized by MRI-PDFF as follows; ≥5% (S ≥1: 
steatosis), ≥16.3% (S≥2: significant steatosis), and ≥21.6% (S≥3: severe steatosis) 
[30], and  MRE was categorized into fibrosis stage f1-f2, f2-f3, f3-f4 and f4 at the 
cut off value 2.9–3.5 kPa, 3.5–4.0 kPa, 4.0–5.0 kPa, >5.0 kPa respectively [31].

Figure 2. Fast-spoiled gradient echo MR image of fat mapping image, showing measurement  
area including the posterior segment of the right hepatic lobe (contour 1), the anterior  
segment of the right hepatic lobe (contour 2), the left hepatic lobe (contour 3), and the spleen  
(contour 4).
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Statistical analysis
Demographic and anthropometric data of the patients, including age, gender, 
Body mass index (BMI), and liver function test were evaluated using independent 
t-test and Mann-Whitney U test to compare demographic data.

The univariate r coefficient was tested to compare ATI and MRI-PDFF using the 
Spearman rank correlation method and categorized as follows: 0.00-0.25 none or 
slight; 0.26 to 0.50 fair to moderate; 0.51-0.75 moderate to good; 0.76-1.00; almost 
perfect [32].

The diagnostic performance of ATI was evaluated by using receiver operation 
characteristic (ROC) curves and the area under the ROC (AUROC) curves  
analysis along with Youden index to optimal cut-off value, sensitivity and specificity  
[33].

The concordance between inter-observer was assessed by Cohen’s kappa  
coefficient, whose results could be interpreted as follows; 0 as an agreement  
equivalent to chance; 0.01-0.20 as slight agreement; 0.21-0.40 as fair agreement; 
0.41-0.60 as moderate agreement; 0.61-0.80 as substantial agreement; 0.81-0.90 as 
near perfect agreement; 1.00 as a perfect agreement [34]. Analyses were conducted 
using STATA version 12; Stata Corporation, College Station, Tx) at 2 sided p-value 
< 0.05 as the level of significance.

There were 62 patients; two patients were excluded due to incomplete data of ATI. 
Of all patients, average BMI and percentage of patient BMI ≥ 25 kg/m2 were 27.4 
kg/m2, and 72%, respectively. None of the patients had significant liver fibrosis 
with the stiffness mean of 2.1±0.4 kPa. 

Results
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The characteristics of all 62 patients (31 women and 31 men), including gender, 
weight, height, BMI, liver stiffness, serum aspartate aminotransferase (AST),  
alanine aminotransferase (ALT), fasting blood glucose (FBG), triglycerides (TG), 
cholesterol (CHOL), and platelet count (PLT) are summarized in Table 2.

Female (n=31) Male  
(n=31)

All patients 
(n=62) p-value*

Age (mean ± SD) 54.8±10.6 46.9±11.1 50.9±11.5 0.0054*

Weight (kg) 70.4±8.5 78.2±10.6 74.3±10.4 0.0022*

Height (cm) 159.5±6.6 170.0±4.1 164.8±7.6 <0.001*

Waist circumference (cm) 92.8±6.1 97.8±7.0 95.8±7.0 0.0255*

BMI (kg/m2) 27.7±3.5 27.1±3.4 27.4±3.4 0.4418

< 25 8 (25.8%) 8 (25.8%) 16 (25.8%) -

≥ 25 23 (74.2%) 23 (74.2%) 46 (74.2%) -

Stiffness* (kPa) 2.0±0.4 2.2±0.3 2.1±0.4 0.107

Baseline Laboratory values
(mean ± SD)

AST (IU/L) 34.9±20.5 28.2±6.2 30.9±14.0 0.750

ALT (IU/L) 49.7±27.5 48.5±19.4 49.0±22.7 0.499

FBG (mg/dL) 114.4±42.2 98.2±21.9 104.7±32.1 0.0323*

TG (mg/dL) 123.3±45.4 146.0±83.4 136.9±70.9 0.525

CHOL (mg/dL) 190.0±43.0 194.5±31.2 192.7±35.9 0.294

Plt(x10^3/ul) 298.1±58.2 266.6±51.3 279.2±55.7 0.122

Table 2. Demographic data of patients.

Stiffness* (kPa) by MR scanner 3.0 Tesla (Ingenia; Philips Healthcare, Best, Netherlands) with MRE 
protocol

Hiranrat P., et al.
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The correlation of ATI vs MRI-PDFF values at the lateral segment of the left lobe, 
the anterior and posterior of right hepatic lobe, and average value correlation of 
ATI vs MRI-PDFF showed a moderate correlation with the highest correlation 
of the right posterior segment. (r = 0.63, p < 0.001, r = 0.66, p < 0.001; r = 0.69,  
p < 0.001, r = 0.67, p < 0.001; respectively) (Figure 3A-D).

Figure 3. The Spearman’s correlation analysis between ATI of liver and MRI-PDFF of different 
hepatic areas and the average MRI-PDFF value (a) left lobe liver (r = 0.63). (b) anterior segments 
of right hepatic lobe (r = 0.66). (c) posterior segments of right hepatic lobe (r = 0.69). (d) average 
value of different hepatic areas (r = 0.67).

A

C

B

D
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The AUROC value for diagnosis of steatosis grade > 0 was 0.96 using a cutoff 
point of 0.72 dB/cm/MHz with 89.3% of sensitivity and 83.3% of specificity. The 
AUROC value for diagnosis of steatosis grade > 1 was 0.83 using a cutoff point of 
0.88 dB/cm/MHz with 81.8% of sensitivity and 72.4% of specificity (Figure 4A-B).

The agreement of the inter-observer reliability of two observers was 100% with the 
Cohen kappa coefficient of 1.00 (p < 0.001) (Figure 5).

A B

Figure 4. The receiver operation characteristic (ROC) curve for (a) diagnosis of steatosis grade > 0 
and (b) grade > 1.

Figure 5. Correlation of ATI measurements between two operators.
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MRI-PDFF, a complex based gradient echo sequence with a low flip angle, 
is a non-invasive biomarker method for the estimated fat concentration of the  
entire liver [13, 35]. MRI-PDFF is suited for baseline assessment and monitoring of  
hepatic steatosis after treatment, because of the high correlation between MRI-
PDFF and the grading of hepatic steatosis on liver biopsy [13, 35, 36]. However, 
MRI-PDFF is costly, with limited availability, and requires extra visit in addition 
to the routine US liver surveillance.   

The liver bright score has been commonly used for fatty liver grading using the 
renal cortex and internal hepatic vascular wall echogenicity as internal references.  
However, liver bright score is a semi-qualitative evaluation and has certain  
limitations for follow up indications since the liver bright score grading has a 
wide range of percentage of fat composition; for example, liver bright score of 1  
corresponds to the percentage of about 5-33% of fat. Therefore, subtle changes in 
the degree of hepatic steatosis will not change in grading on the liver bright score 
[37].  Besides, the bright liver score may have operator-dependent factors which 
results in variation in performance [22, 23, 38-41].  

ATI is a novel method that has the basic concept of sound attenuation  
measurement based on fatty tissue that should have higher sound attenuation 
compared to normal liver tissue [42].  Measurement of attenuation coefficient  
allows quantitative measurement in addition to the conventional US imaging and 
potential for follow up indication.   

In our study, the correlation coefficient value of ATI with MRI-PDFF was  
concordant with previously published studies with a slightly lower correlation  
coefficient of r = 0.63–0.69 compared to r = 0.66–0.81 [27, 29]. This may be  
explained by the fact that ATI provides real-time grayscale image correlation 
during the measurement. Furthermore, ATI provides color mapping for the  
degree of attenuation and coefficient of determination (R2) for optimal ROI  
placement [43, 44]. However, there are potential interfering factors of the ATI 

Discussion

Hiranrat P., et al.
ASEAN J Radiol 2022; 23(3) : 184 -205



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXIII Number III September-December 2022198

ISSN 2672-9393

measurement which may cause less reliability.  Jeon et al. have found that the  
patients with the skin-to-liver distance greater than 20 mm had significantly less 
correlation between ATI and MRI-PDFF [27]. 

The majority of studies comparing ATI and MRI-PDFF have limited data on 
S3 patients [26, 29]. Tada et al. found less specificity and AUROC of ATI in  
categorizing the steatosis stage of the NAFLD patients as compared with other 
groups of patients.  Tada et al. reported the subgroup of higher grading of fatty  
liver tends to have less diagnostic performance [26].  Our study may substantiate  
these interfering factors since 75% of our population have BMI of over 25 and 
all patients are diagnosed with fatty liver. ATI is less reliable in an obese patient,  
which is possibly due to the deeper the sound passing through, the greater  
attenuation, resulting in higher attenuation coefficient [45]. Obese patients  
presumably have the thicker abdominal wall and preperitoneal fat which increases 
the distance between the transducer and the measurement area. This factor may 
interfere with ATI measurement, causing decreased correlation. 

Overall, the ATI value shows a better correlation to MRI-PDFF at the right  
posterior hepatic lobe as compared with other locations. This could be explained 
by the technique of ATI measurement at the right intercostal approach, mainly 
representing the posterior right hepatic lobe. Therefore, the correlation of ATI is 
more concordant with the measurement of fat at the right posterior hepatic lobe 
than other places.

ATI may have limitations in the sampling area which is mainly measured in right 
hepatic lobe; however, fatty liver is a diffuse process which involves the entire liver 
parenchyma. Thus, MRI-PDFF is still more suitable for evaluation of the whole 
liver.

Perfect interobserver reliability (k=1.0) in grading liver steatosis is observed in 
our study, which is maybe because ATI is relatively non-complicated to use with 
fix measurement ROI box, and measurable area.  Jeon et al.  also reported high 
reliability in both interobserver and intraobserver (k 0.8-1.0) [27]. With this 
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high reproducibility, ATI may be a good alternative method for monitoring the  
treatment of NAFLD.

There were a few limitations in this study. First of all, this study was a retrospective 
study resulting in uncontrolled protocols and operators at the beginning. Second, 
the number of S2 and S3 patients were too small to analyze.

In this regard, ATI equipped in the US system allows additional quantitative  
measurement of liver steatosis in the same setting of liver US study. ATI may  
potentially be a surrogate method to evaluate and assess the degree of fatty liver in 
the routine clinical setting.

Conclusion

References 

 1. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M.  
 Global epidemiology of nonalcoholic fatty liver disease-Meta-analytic  
 assessment of prevalence, incidence, and outcomes. Hepatology 2016;64:73- 
 84. doi: 10.1002/hep.28431.

 2. Sayiner M, Koenig A, Henry L, Younossi ZM. Epidemiology of Nonalcoholic  
 Fatty Liver Disease and Nonalcoholic Steatohepatitis in the United States and  
 the Rest of the World. Clin Liver Dis 2016;20:205-14. doi: 10.1016/j.cld. 
 2015.10.001. 

Hiranrat P., et al.
ASEAN J Radiol 2022; 23(3) : 184 -205



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXIII Number III September-December 2022200

ISSN 2672-9393

 3. Argo CK, Caldwell SH. Epidemiology and natural history of non-alcoholic  
 steatohepatitis. Clin Liver Dis 2009;13:511-31. doi: 10.1016/j.cld.2009.07.005.

 4. Bellentani S, Bedogni G, Miglioli L, Tiribelli C. The epidemiology of fatty  
 liver. Eur J Gastroenterol Hepatol 2004;16:1087-93. doi: 10.1097/00042737- 
 200411000-00002.

 5. Assy N, Kaita K, Mymin D, Levy C, Rosser B, Minuk G. Fatty infiltration  
 of liver in hyperlipidemic patients. Dig Dis Sci 2000;45:1929-34. doi: 10.1023/ 
 a:1005661516165.

 6. Wu KT, Kuo PL, Su SB, Chen YY, Yeh ML, Huang CI, et al. Nonalcoholic  
 fatty liver disease severity is associated with the ratios of total cholesterol and  
 triglycerides to high-density lipoprotein cholesterol. J Clin Lipidol 2016;10: 
 420-5 e1. doi: 10.1016/j.jacl.2015.12.026.

 7. Targher G, Bertolini L, Padovani R, Rodella S, Tessari R, Zenari L, et al.  
 Prevalence of nonalcoholic fatty liver disease and its association with  
 cardiovascular disease among type 2 diabetic patients. Diabetes Care  
 2007;30:1212-8. doi: 10.2337/dc06-2247.

 8. Ajmera V, Park CC, Caussy C, Singh S, Hernandez C, Bettencourt R, et al.  
 Magnetic Resonance Imaging Proton Density Fat Fraction Associates With  
 Progression of Fibrosis in Patients With Nonalcoholic Fatty Liver Disease.  
 Gastroenterology 2018;155:307-10 e2. doi: 10.1053/j.gastro.2018.04.014.

 9. Lackner C. Hepatocellular ballooning in nonalcoholic steatohepatitis: the  
 pathologist's perspective. Expert Rev Gastroenterol Hepatol 2011;5:223-31.  
 doi: 10.1586/egh.11.8.

 10. Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, Smith AD; American  
 Association for the Study of Liver Diseases. Liver biopsy. Hepatology  
 2009;49:1017-44. doi: 10.1002/hep.22742.

Hiranrat P., et al.
ASEAN J Radiol 2022; 23(3) : 184 -205



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXIII Number III September-December 2022 201

ISSN 2672-9393

 11. Chon YE, Jung KS, Kim SU, Park JY, Park YN, Kim DY, et al. Controlled  
 attenuation parameter (CAP) for detection of hepatic steatosis in patients with  
 chronic liver diseases: a prospective study of a native Korean population. Liver  
 Int 2014;34:102-9. doi: 10.1111/liv.12282.

 12. Cassidy FH, Yokoo T, Aganovic L, Hanna RF, Bydder M, Middleton MS,  
 et al. Fatty liver disease: MR imaging techniques for the detection and  
 quantification of liver steatosis. Radiographics 2009;29:231-60. doi: 10.1148/ 
 rg.291075123.

 13. Middleton MS, Heba ER, Hooker CA, Bashir MR, Fowler KJ, Sandrasegaran  
 K, et al. Agreement Between Magnetic Resonance Imaging Proton Density  
 Fat Fraction Measurements and Pathologist-Assigned Steatosis Grades of  
 Liver Biopsies From Adults With Nonalcoholic Steatohepatitis. Gastroenterology  
 2017;153:753-61. doi: 10.1053/j.gastro.2017.06.005.

 14. Le TA, Chen J, Changchien C, Peterson MR, Kono Y, Patton H, et al. Effect  
 of colesevelam on liver fat quantified by magnetic resonance in nonalcoholic  
 steatohepatitis: a randomized controlled trial. Hepatology 2012;56:922-32.  
 doi: 10.1002/hep.25731.

 15. Cui J, Philo L, Nguyen P, Hofflich H, Hernandez C, Bettencourt R, et al.  
 Sitagliptin vs. placebo for non-alcoholic fatty liver disease: A randomized  
 controlled trial. J Hepatol 2016;65:369-76. doi: 10.1016/j.jhep.2016.04.021.

 16. Li Q, Dhyani M, Grajo JR, Sirlin C, Samir AE. Current status of imaging  
 in nonalcoholic fatty liver disease. World J Hepatol 2018;10:530-42. doi:  
 10.4254/wjh.v10.i8.530.

 17. Park SH, Kim PN, Kim KW, Lee SW, Yoon SE, Park SW, et al. Macrovesicular  
 hepatic steatosis in living liver donors: use of CT for quantitative and  
 qualitative assessment. Radiology 2006;239:105-12. doi: 10.1148/radiol. 
 2391050361.

Hiranrat P., et al.
ASEAN J Radiol 2022; 23(3) : 184 -205



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXIII Number III September-December 2022202

ISSN 2672-9393

 18. Lee HW, Park SY, Kim SU, Jang JY, Park H, Kim JK, et al. Discrimination of  
 Nonalcoholic Steatohepatitis Using Transient Elastography in Patients with  
 Nonalcoholic Fatty Liver Disease. PLoS One 2016;11:e0157358. doi: 10.1371/ 
 journal.pone.0157358.

 19. Sasso M, Beaugrand M, de Ledinghen V, Douvin C, Marcellin P, Poupon  
 R, et al. Controlled attenuation parameter (CAP): a novel VCTE guided  
 ultrasonic attenuation measurement for the evaluation of hepatic steatosis:  
 preliminary study and validation in a cohort of patients with chronic liver  
 disease from various causes. Ultrasound Med Biol 2010;36:1825-35. doi:  
 10.1016/j.ultrasmedbio.2010.07.005.

 20. Vuppalanchi R, Siddiqui MS, Van Natta ML, Hallinan E, Brandman  
 D, Kowdley K, et al. Performance characteristics of vibration-controlled  
 transient elastography for evaluation of nonalcoholic fatty liver disease.  
 Hepatology 2018;67:134-44. doi: 10.1002/hep.29489.

 21. Ricci C, Longo R, Gioulis E, Bosco M, Pollesello P, Masutti F, et al.  
 Noninvasive in vivo quantitative assessment of fat content in human liver. J  
 Hepatol 1997;27:108-13. doi: 10.1016/s0168-8278(97)80288-7.

 22. Palmentieri B, de Sio I, La Mura V, Masarone M, Vecchione R, Bruno S,  
 et al. The role of bright liver echo pattern on ultrasound B-mode examination  
 in the diagnosis of liver steatosis. Dig Liver Dis 2006;38:485-9. doi: 10.1016/ 
 j.dld.2006.03.021.

 23. Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley M, et al.  
 The utility of radiological imaging in nonalcoholic fatty liver disease.  
 Gastroenterology 2002;123:745-50. doi: 10.1053/gast.2002.35354.

 24. Shannon A, Alkhouri N, Carter-Kent C, Monti L, Devito R, Lopez R, et al.  
 Ultrasonographic quantitative estimation of hepatic steatosis in children  
 With NAFLD. J Pediatr Gastroenterol Nutr 2011;53:190-5. doi: 10.1097/ 
 MPG.0b013e31821b4b61.

Hiranrat P., et al.
ASEAN J Radiol 2022; 23(3) : 184 -205



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXIII Number III September-December 2022 203

ISSN 2672-9393

 25. Fitzpatrick E, Dhawan A. Noninvasive biomarkers in non-alcoholic fatty  
 liver disease: current status and a glimpse of the future. World J Gastroenterol  
 2014;20:10851-63. doi: 10.3748/wjg.v20.i31.10851.

 26. Tada T, Iijima H, Kobayashi N, Yoshida M, Nishimura T, Kumada T, et al.  
 Usefulness of Attenuation Imaging with an Ultrasound Scanner for the  
 Evaluation of Hepatic Steatosis. Ultrasound Med Biol 2019;45:2679-87. doi:  
 10.1016/j.ultrasmedbio.2019.05.033.

 27. Jeon SK, Lee JM, Joo I, Yoon JH, Lee DH, Lee JY, et al. Prospective  
 Evaluation of Hepatic Steatosis Using Ultrasound Attenuation Imaging in  
 Patients with Chronic Liver Disease with Magnetic Resonance Imaging  
 Proton Density Fat Fraction as the Reference Standard. Ultrasound Med Biol  
 2019;45:1407-16. doi: 10.1016/j.ultrasmedbio.2019.02.008.

 28. Bae JS, Lee DH, Lee JY, Kim H, Yu SJ, Lee JH, et al. Assessment of hepatic  
 steatosis by using attenuation imaging: a quantitative, easy-to-perform  
 ultrasound technique. Eur Radiol 2019;29:6499-507. doi: 10.1007/s00330- 
 019-06272-y.

 29. Ferraioli G, Maiocchi L, Raciti MV, Tinelli C, De Silvestri A, Nichetti M,  
 et al. Detection of Liver Steatosis With a Novel Ultrasound-Based Technique:  
 A Pilot Study Using MRI-Derived Proton Density Fat Fraction as the Gold  
 Standard. Clin Transl Gastroenterol 2019;10:e00081. doi: 10.14309/ctg.00000 
 00000000081.

 30. Caussy C, Alquiraish MH, Nguyen P, Hernandez C, Cepin S, Fortney LE,  
 et al. Optimal threshold of controlled attenuation parameter with MRI-PDFF  
 as the gold standard for the detection of hepatic steatosis. Hepatology  
 2018;67:1348-59. doi: 10.1002/hep.29639.

Hiranrat P., et al.
ASEAN J Radiol 2022; 23(3) : 184 -205



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXIII Number III September-December 2022204

ISSN 2672-9393

 31. Hoodeshenas S, Yin M, Venkatesh SK. Magnetic Resonance Elastography  
 of Liver: Current Update. Top Magn Reson Imaging 2018;27:319-33. doi:  
 10.1097/RMR.0000000000000177.

 32. Colton T. Statistics in Medicine. Boston: Little, Brown and Company; 1974.

 33. Youden WJ. Index for rating diagnostic tests. Cancer 1950;3:32-5. doi:  
 10.1002/1097-0142(1950)3:1<32::aid-cncr2820030106>3.0.co;2-3.

 34. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med  
 (Zagreb) 2012;22:276-82.

 35. Caussy C, Reeder SB, Sirlin CB, Loomba R. Noninvasive, Quantitative  
 Assessment of Liver Fat by MRI-PDFF as an Endpoint in NASH Trials.  
 Hepatology 2018;68:763-72. doi: 10.1002/hep.29797.

 36. Permutt Z, Le TA, Peterson MR, Seki E, Brenner DA, Sirlin C, et al.  
 Correlation between liver histology and novel magnetic resonance imaging  
 in adult patients with non-alcoholic fatty liver disease - MRI accurately  
 quantifies hepatic steatosis in NAFLD. Aliment Pharmacol Ther 2012;36:22-9.  
 doi: 10.1111/j.1365-2036.2012.05121.x.

 37. Saverymuttu SH, Joseph AE, Maxwell JD. Ultrasound scanning in the  
 detection of hepatic fibrosis and steatosis. Br Med J (Clin Res Ed) 1986;292:13- 
 5. doi: 10.1136/bmj.292.6512.13.

 38. Hamaguchi M, Kojima T, Itoh Y, Harano Y, Fujii K, Nakajima T, et al.  
 The severity of ultrasonographic findings in nonalcoholic fatty liver disease  
 reflects the metabolic syndrome and visceral fat accumulation. Am J  
 Gastroenterol 2007;102:2708-15. doi: 10.1111/j.1572-0241.2007.01526.x.

Hiranrat P., et al.
ASEAN J Radiol 2022; 23(3) : 184 -205



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXIII Number III September-December 2022 205

ISSN 2672-9393

 39. Hepburn MJ, Vos JA, Fillman EP, Lawitz EJ. The accuracy of the report  
 of hepatic steatosis on ultrasonography in patients infected with hepatitis  
 C in a clinical setting: a retrospective observational study. BMC Gastroenterol  
 2005;5:14. doi: 10.1186/1471-230X-5-14.

 40. Mathiesen UL, Franzen LE, Aselius H, Resjo M, Jacobsson L, Foberg U,  
 et al. Increased liver echogenicity at ultrasound examination reflects degree of  
 steatosis but not of fibrosis in asymptomatic patients with mild/moderate  
 abnormalities of liver transaminases. Dig Liver Dis 2002;34:516-22. doi:  
 10.1016/s1590-8658(02)80111-6.

 41. Soresi M, Giannitrapani L, Florena AM, La Spada E, Di Gesaro V, Rappa F,  
 et al. Reliability of the bright liver echo pattern in diagnosing steatosis in  
 patients with cryptogenic and HCV-related hypertransaminasaemia. Clin  
 Radiol 2009;64:1181-7. doi: 10.1016/j.crad.2009.06.013.

 42. Culjat MO, Goldenberg D, Tewari P, Singh RS. A review of tissue  
 substitutes for ultrasound imaging. Ultrasound Med Biol 2010;36:861-73. doi:  
 10.1016/j.ultrasmedbio.2010.02.012.

 43. Ferraioli G, Maiocchi L, Savietto G, Tinelli C, Nichetti M, Rondanelli M,  
 et al. Performance of the Attenuation Imaging Technology in the Detection of  
 Liver Steatosis. J Ultrasound Med 2021;40:1325-32. doi: 10.1002/jum.15512.

 44. Yoo J, Lee JM, Joo I, Lee DH, Yoon JH, Kang HJ, et al. Reproducibility of  
 ultrasound attenuation imaging for the noninvasive evaluation of hepatic  
 steatosis. Ultrasonography 2020;39:121-9. doi: 10.14366/usg.19034.

 45. Kremkau FW.  Sonography: Principles and Instruments. 9th ed.  
 Philadelphia: Elsevier; 2016.

Hiranrat P., et al.
ASEAN J Radiol 2022; 23(3) : 184 -205


