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Purpose This study aimed to determine whether the attenuation coefficient (AC) from attenuation imag-
ing (ATI) was correlated with visual US assessment in patients with hepatic steatosis. Moreover, it aimed
to assess whether the patient’s blood chemistry results and CT attenuation were correlated with AC.
Materials and Methods Patients who underwent abdominal US with ATI between April 2018 and De-
cember 2018 were included in this study. Patients with chronic liver disease or cirrhosis were exclud-
ed. The correlation between AC and other parameters, such as visual US assessment, blood chemistry
results, liver attenuation, and liver-to-spleen (L/S) ratio, were analyzed. AC values according to visual
US assessment grades were compared using analysis of variance.

Results A total of 161 patients were included in this study. The correlation coefficient between US as-
sessment and AC was 0.814 (p < 0.001). The mean AC values for the normal, mild, moderate, and se-
vere grades were 0.56, 0.66, 0.74, and 0.85, respectively (p < 0.001). Alanine aminotransferase levels
were significantly correlated with AC (r=0.317, p <0.001). The correlation coefficients between liver
attenuation and AC and between L/S ratio and AC were -0.702 and -0.626, respectively (p <0.001).
Conclusion Visual US assessment and AC showed a strong positive correlation with the discrimina-
tive value between the groups. Computed tomography attenuation and AC showed a strong negative
correlation.

Index terms Liver; Fatty Liver; Ultrasonography; Diagnostic Imaging

INTRODUCTION

Hepatic steatosis, a fatty liver disease, involves accumulation of lipids inside hepatocytes.
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Various causes of fatty liver include alcohol consumption, viral hepatitis, and metabolic dys-
function (obesity, type 2 diabetes, hyperglycemia, and hypertriglyceridemia) (1, 2). The prev-
alence of fatty liver is high, ranging from 16% to 31% in the general population (2, 3). At least
25% of the American population has non-alcoholic fatty liver disease according to a recent
population-based screening study (4). Diagnosis of fatty liver is important in terms of two
clinical issues. First, patients with fatty liver should be evaluated for metabolic syndrome,
which includes diabetes mellitus, hypertension, hypertriglyceridemia, and low levels of
high-density lipoprotein cholesterol, which are known to be associated with high morbidity.
Second, fat in the liver damages the normal liver parenchyma, which can lead to inflamma-
tion, fibrosis, and cirrhosis (5).

Liver biopsy is the gold standard for the diagnosis of fatty liver disease. Biopsy should be
performed if non-alcoholic steatohepatitis (NASH) is suspected during general diagnosis (6).
However, if simple fatty liver is suspected, biopsy is not performed due to its invasiveness,
sampling errors, and other disadvantages (7-9). MR proton density fat fraction (PDFF) can be
used for accurate inspection as an alternative to pathologic confirmation, but it is less cost-
effective and the procedure is not accessible to the general population (10, 11).

US is the most commonly used imaging modality for diagnosing diffuse and fatty liver dis-
ease (12, 13). US diagnosis and severity of fatty liver are determined according to the visual di-
agnostic criteria based on the principle that liver fat attenuates the US beam (14, 15). However,
the method itself is subjective. It has also been reported that the diagnostic accuracy is not
high when liver fat accumulation is low (14, 16, 17). Efforts are being made to quantify fatty
liver by measuring the attenuation coefficient (AC) in two-dimensional US with a recently de-
veloped device. Moreover, several studies have published their observations regarding diagno-
sis using the multiparametric US approach in patients having NASH who were diagnosed with
a biopsy and a correlation between the grade of pathologic hepatic steatosis and AC of attenu-
ation imaging (ATT) was reported (11, 18, 19). These studies correlated with pathological re-
sults. However, since they included patients with fibrosis and cirrhosis, there is a possibility
that fibrosis affected the AC values. Therefore, there might be differences in the AC values
among patients with simple steatosis.

This study aimed to determine whether AC from ATI was correlated with visual US assess-
ment in patients with simple steatosis, to present the AC values for each US assessment grade,
and to determine whether blood chemistry and CT attenuation were correlated with AC.

MATERIALS AND METHODS

PATIENTS

This single-center retrospective study was approved by our Institutional Review Board (IRB
No. WKUH 2018-11-024). 410 patients who underwent two-dimensional abdominal US with
ATT of the liver and blood chemistry between April 2018 and December 2018 were enrolled.
The exclusion criteria were 1) patients with chronic liver disease (CLD) or cirrhosis (viral hep-
atitis, alcoholic hepatitis, autoimmune hepatitis, and biopsy confirmed NASH) (203 patients),
2) patients with CLD or cirrhosis confirmed at the 1-year follow-up (clinical examination and/

or biopsy) (21 patients), 3) patients with acute hepatitis or an acute biliary condition (12 pa-

https://doi.org/10.3348/jksr.2022.0053 667



JOURNAL of

THE KOREAN SOCIETY of

US Attenuation Imaging of Fatty Liver RADIOLOGY

tients), 4) patients with renal parenchymal disease (2 patients), 5) patients with coarse paren-
chymal echogenicity on US examination (9 patients), and 6) patients whose US images were
unavailable (2 patients). Altogether, 161 patients (100 male and 61 female) were included in this
study. A flow diagram of patient Inclusion is depicted in Fig. 1. Additionally, patients who un-
derwent CT examination within 2 months of the US examination were subsequently analyzed.

US EXAMINATION AND ATTENUATION IMAGING
Abdominal US and ATI were performed using Aplio i800 (Canon Medical Systems Corpora-

tion, Otawara, Japan) with a convex broadband probe (SC6-1, 1-8 MHz). Patients were exam-
ined after 8 hours of fasting and abdominal US was performed with the right arm raised. US
images contained an intercostal view of the right hemiliver and gallbladder fossa and a sub-
costal view of both right hemiliver and right kidney according to the routine abdominal US
protocol. ATI was performed immediately after the US examination. Images were obtained in
a plane perpendicular to the right hemiliver in the intercostal view. After placing the green
box as the first region of interest (ROI) covering the whole parenchyma of the right hemiliver,
a yellow box sized 2 cm X 4 cm was placed in the blue-colored area as the second ROI. The
mean AC value of the ROI was displayed and the coefficient of determination, which indicates
the reliability of the measurements, was also provided. Images with a coefficient of determi-

nation above 0.85 were obtained. AC was measured five times and the median value was used.

US IMAGE ANALYSIS
Two abdominal radiologists (Y.R.K. and Y.H.L.) retrospectively reviewed the abdominal US

images by consensus to grade the severity of hepatic steatosis. Patients were classified ac-

Fig. 1. Flow chart of the study population.

From April 2018 to December 2018
Patients with abdominal US ans ATI
(n=410)

Exclusion criteria

- Patients with CLD or cirrhosis (n=203)

- Patients with CLD or cirrhosis confirmed at 1-year follow-up
(n=21)

- Patients with acute hepatitis or acute biliary condition
(n=12)

- Patients with renal parenchymal disease (n=2)

- Patients with coarse parenchymal echogenicity on US
(n=9)

- Patients with unavailable ATl images (n=2)

\4

A total of 161 patients
(male:female =100:61, 51.94 & 15.27 years)

ATI = attenuation imaging, CLD = chronic liver disease

668

jksronline.org



JOURNAL of
THE KOREAN SOCIETY of
J Korean Soc Radiol 2023;84(3):666-675 RADIOLOGY

cording to the generally used definition of US hepatic steatosis (12). Grade 0 (normal) indicat-
ed homogeneous texture, fine-level echoes, and minimally hyperechoic or isoechoic areas
when compared with normal renal cortex. Grade 1 (mild) indicated increased liver echo-
genicity compared to that of normal renal cortex. Grade 2 (moderate) indicated increased liv-
er echogenicity and slightly impaired visualization of the intrahepatic vessels and dia-
phragm. Grade 3 (severe) indicated markedly increased liver echogenicity, poor penetration
of the posterior segment of the right lobe of the liver, and poor or no visualization of the he-

patic vessels and diaphragm.

CT EXAMINATION AND ANALYSIS

CT images were obtained using a 128-channel multidetector CT scanner (Somatom Defini-
tion Flash; Siemens Medical Solutions, Forchheim, Germany) or a 64-channel multidetector
CT scanner (Somatom Sensation; Siemens Medical Solutions, Forchheim, Germany). The
scanning protocol for pre-contrast imaging was as follows: 120 kVp, auto-calculated mAs us-
ing the CareDose 4D system, and a reconstructed slice thickness of 5 mm. To measure atten-
uation, a round ROI of more than 5 cm? was manually drawn in the hepatic and splenic pa-
renchyma, avoiding large vessels and focal lesions. Attenuation of the liver and spleen was
measured five times and the mean value was calculated. The mean value of liver attenuation

and the liver-to-spleen (L/S) ratio were used to compare the AC values (20, 21).

CLINICAL DATA AND BLOOD CHEMISTRY

All clinical data were reviewed using an electronic medical record system. Patients diag-
nosed with CLD or cirrhosis within a 1-year follow-up period were excluded from the review.
The duration between abdominal US and blood chemistry was < 1 week. Aspartate amino-
transferase (AST), alanine aminotransferase (ALT), gamma-glutamyltransferase (GGT), alka-
line phosphatase (ALP), triglyceride (TG), and total cholesterol (TC) levels were analyzed.

STATISTICAL ANALYSIS

Relationships among AC, liver attenuation, L/S ratio, and blood chemistry were analyzed
using Pearson’s correlation. AC values according to the visual US assessment grades were
compared using one-way analysis of variance and the Bonferroni test for multiple compari-
sons was used as a post-hoc test. Statistical significance was set at p < 0.05. IBM SPSS Statistics
for Windows (version 27.0; IBM Corp., Armonk, NY, USA) and MedCalc Statistical Software
(version 20.015; MedCalc Software, Ostend, Belgium) were used.

RESULTS

PATIENT CHARACTERISTICS
In all of 161 patients (100 male and 61 female), the mean age of the patients was 51.94 years.

Normal, mild, moderate, and severe grades of fatty liver were observed in 59, 27, 37, and 38
patients, respectively. Detailed clinical characteristics including the purpose of US examina-

tion and mean blood chemistry values are presented in Table 1.
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Table 1. Patients Characteristics

Characteristic Value
Sex
Male 100
Female 61
Mean age, years 51.94 £ 15.27
Body mass index, kg/m? 26.24 = 5.65
Purposes of US examination (numbers of patients)
LFT abnormality 52
Monitoring of fatty liver 46
Metabolic disease 13
Follow-up of focal lesions 41
Health check-up 9
Blood chemistry
AST, IU/L 55.91 + 104.99
ALT, IU/L 48.85 +47.35
ALP, IU/L 24514 £128.11
GGT, IU/L 81.51 £ 120.76
Triglyceride, mg/dL 175.23 £199.11

Total cholesterol, g/dL 186.50 = 39.21
Visual US assessment (numbers of patients)

Normal (grade 0) 59

Mild (grade 1) 27

Moderate (grade 2) 37

Severe (grade 3) 38

Data are mean = standard deviation.
ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, GGT = r-glu-
tamyltransferase, LFT = liver function test, US = ultrasonography

RELATIONSHIP BETWEEN THE ATTENUATION COEFFICIENT AND VISUAL
US ASSESSMENT

The Pearson correlation coefficient between AC and visual US assessment was 0.831 (p <
0.001). The mean AC values for visual US assessment grades of normal, mild, moderate, and
severe were 0.56 * 0.07 (95% confidence interval [CI]: 0.55-0.58), 0.66 *+ 0.04 (95% CI: 0.65—
0.68), 0.74 = 0.01 (95% CI: 0.72-0.77), and 0.85 & 0.02 (95% CI: 0.81-0.88), respectively (p <
0.001). Subgroup analyses using the Bonferroni test between the groups showed statistical
significance (p < 0.001) (Fig. 2).

CORRELATION BETWEEN THE ATTENUATION COEFFICIENT AND
SEROLOGICAL TESTS

Univariate analysis with linear regression showed that ALT level was weakly correlated
with AC (r=0.317, p < 0.001). Other blood chemistry parameters were not correlated with AC
(AST: r=0.094, p = 0.347; AST to ALT ratio: r = 0.527, p = 0.120, ALP: r = 0.037, p = 0.724; GGT:
r=-0.012, p =0.920; TG: r =0.201, p = 0.120; and TC: r = 0.147, p = 0.299) (Table 2).
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Fig. 2. Mean AC according to the visual US assessment grades of
fatty liver.

The mean AC values for visual US assessment grades of normal
(grade 0), mild (grade 1), moderate (grade 2), and severe (grade 3)
were 0.56 £ 0.07 (95% Cl: 0.55-0.58), 0.66 =+ 0.04 (95% Cl: 0.65-0.68),
0.74 £ 0.01 (95% ClI: 0.72-0.77), and 0.85 =% 0.02 (95% Cl: 0.81-0.88).
The p-value obtained from one-way ANOVA for entire groups was
< 0.001. The Bonferroni test was used as a post-hoc test, and the p-
value was < 0.001 for all comparisons between the two groups
(*Grade 0 vs. Grade 1, *Grade 1 vs. Grade 2, *Grade 2 vs. Grade 3,
SGrade 0vs. Grade 2, YGrade 1 vs. Grade 3, IGrade 0 vs. Grade 3). The
Pearson correlation coefficient between AC and visual US grade was
0.831 (p <0.001).

AC = attenuation coefficient, Cl = confidence interval

Table 2. Association of the Results of Blood Chemistry Analysis with Attenuation Coefficient by Linear Re-

gression
Coefficient p-Value

AST, IU/L 0.094 0.347
ALT, IU/L 0.317 0.001
ALP, IU/L 0.037 0.724
GGT, IU/L -0.012 0.920
Triglyceride, mg/dL 0.201 0.120
Total cholesterol, g/dL 0.147 0.299

ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, GGT = r-glu-

tamyltransferase

CORRELATION BETWEEN THE ATTENUATION COEFFICIENT AND CT

ATTENUATION

CT was performed in 46 patients. The median duration between US and CT examinations

was 37 days (range: 13-46 days). The Pearson correlation coefficient between AC and liver at-
tenuation was -0.702 (p < 0.001) (Fig. 3A). The Pearson correlation coefficient between AC and
L/S ratio was -0.626 (p < 0.001) (Fig. 3B).

DISCUSSION

The present study analyzed the relationship between visual US assessment and AC values

in patients with simple hepatic steatosis and showed a strong positive correlation. According

to the severity of fatty liver based on visual US assessment, AC was graded without any over-

lap between the groups. In addition, AC showed a statistically significant correlation with

ALT and a strong negative correlation with hepatic attenuation on CT and L/S ratio.

Although the existing visual US scale is widely used to diagnose hepatic steatosis, it has dis-

advantages such as interobserver and intraobserver variability. According to previous studies,

the sensitivity and specificity for the diagnosis of hepatic steatosis based on the visual US scale

https://doi.org/10.3348/jksr.2022.0053
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Fig. 3. Relationship between CT parameters and the AC.

A. The Pearson correlation coefficient between AC and liver attenuation was -0.702 (p < 0.001).
B. The Pearson correlation coefficient between AC and the LS ratio was -0.626 (p <0.001).

AC = attenuation coefficient, HU = Hounsfield unit, LS = liver-to-spleen
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varied, ranging from sensitivity 60%-100% and specificity 77%-95%, respectively (6, 14, 22).
Another limitation is that it can detect hepatic steatosis only when fatty infiltration is > 30%
(17). Most of the patients included in this study were suspected of having simple steatosis, so
they were treated with lifestyle modifications and hepatotonics. Treatment monitoring is
challenging in case of a non-objective test. Quantification of the degree of deepening of the
fatty liver and numerical presentation of improvement or worsening have a good effect on
patient compliance (23-25). The present study attempted to correlate visual US assessment
with AC in patients having clinically suspected simple steatosis without other hepatic diseas-
es. The mean AC values were 0.56, 0.66, 0.74, and 0.85 for normal, mild, moderate, and se-
vere grades of fatty liver disease, respectively and the 95% CIs of each group did not overlap.
Thus, the results of the present study showed the discriminative value of fatty liver classifica-
tion using the AC values and provided a reference value between visual assessment and AC.

Previous studies have reported that fibrosis affects AC in patients with CLD (11), while an-
other study showed that fibrosis did not affect AC (18). In the present study, we hypothesized
that coarseness would affect AC and excluded patients with CLD or cirrhosis, acute hepatitis,
and coarse echogenicity on US examination. Similarly, another study comparing visual as-
sessment and AC confirmed interobserver/intraobserver variability. In the aforementioned
study, the mean AC values for grades 0, 1, 2, and 3 were 0.54, 0.65, 0.75, and 0.92 (26). These
values are similar to those observed in the present study (0.56, 0.66, 0.74, and 0.85 for grades 0,
1, 2, and 3). However the AC value for grade 3 in the present study was slightly lower than that
in the previous study. Although it is not a direct comparison, the present study included a
greater number of patients with grade 3 disease (38 vs. 8 patients) and tried to exclude patients
with fibrosis.

As a result of comparing the diagnostic accuracy of conventional US and CT for the detec-
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tion of hepatic steatosis in meta-analysis, the sensitivity of US was better than CT and the
specificity of CT was better than US (mean sensitivity; US: 73.3%-90.5%, CT: 46.1%-72.0%,
mean specificity; US: 69.6%-85.2%, CT: 88.1%-94.6%, respectively) (21). The relationship be-
tween AC and liver attenuation or L/S ratio showed a strong negative correlation (AC vs. liver
attenuation: r = -0.702, p < 0.001; AC vs. L/S ratio: r = -0.626, p < 0.001) in the present study.
Few studies have compared CT with US or ATI. In a study comparing various modalities to
quantify fatty liver, ATT showed better diagnostic performance than CT in mild fatty liver (> 5%)
and comparable performance in severe fatty liver (> 66%). MR-PDFF was found to be the best
modality for diagnosing pathologic steatosis (27).

In the present study, AC was correlated with the ALT levels, but not with serum TC or TG
levels. Another study with the same vendor showed that ALT was significantly correlated with
AC in the univariate analysis, but not in the multivariate analysis (11). Another study with dif-
ferent vendors showed a significant correlation between AC and TC (r = 0.34, p < 0.001), but
not between AC and ALT (r =-0.03, p = 0.05) (27). We assumed that including CLD with differ-
ent etiologies might have affected the results of our study.

The present study has several limitations. It was a single-center, retrospective study and in-
terobserver/intraobserver variability was not assessed. However, according to a previous
study, AC with ATT is a reliable method with high interobserver concordance (26, 28). In the
present study, pathological results were not referenced, since patients diagnosed with simple
steatosis were targeted. MR-PDFF, which showed results comparable to that of biopsy, was
also not performed. Therefore, biopsy correlations of general population with those having
simple steatosis will also be needed in future studies. Some patients with undetected hepatic
fibrosis might have been included in this study. The number of patients who underwent CT
was less than half of the total patient population and the interval between CT and US was < 2
months. Since this was a retrospective study and some of the patients underwent CT on the
same day, there might have been differences in the fatty liver disease status.

In conclusion, AC measurement using ATT in patients with suspected simple steatosis is a
useful test for evaluating fat deposition. AC showed a strong positive correlation with visual
US assessment and the ability to discriminate between the groups. AC showed a correlation
with ALT levels and strong negative correlations with CT parameters including liver attenua-
tion and L/S ratio.
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