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ABSTRACT

Ultrasonography examination has limitations in quantifying hepatic fat quantification. Therefore, this study
aimed to experimentally demonstrate whether changes in signal attenuation during ultrasound imaging can be
quantified using simulated hepatic phantoms to assess hepatic fat content. Additionally, we aimed to evaluate the
potential of ultrasound imaging for diagnosing hepatic fatty liver by analyzing the relationship between hepatic fat
content and signal intensity in ultrasound images. In this study, we developed a total of five stimulated hepatic
phantoms by homogeneously mixing water and oil. We confirmed the fat content of the phantoms using magnetic
resonance imaging (MRI) and ultrasound imaging, and measured signal intensity according to distance in
ultrasound images to analyze the correlation and mean comparison between fat content and signal intensity. We
observed that as the fat content increased, the ultrasound penetration intensity decreased, confirming the potential
for quantifying hepatic fat content using ultrasound. Additionally, the analysis of the correlation between the
measured fat content using MRI and the signal intensity measured in ultrasound images showed a high
correlation. Statistical analysis in our study confirmed that as the fat content increased, the slope representing
signal during ultrasound imaging (US-GRE) decreased. In this study, it was statistically confirmed that the
US-GRE value of ultrasound images gradually decreases as the fat content increases, and it is believed that
US-GRE can serve as a biomarker expressing fatty liver content.
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Table 1. Average value and coefficient of determination of US-GRE according to dynamic range of oil/water

0%

Mean + SD 3% 9% 15% 21%
(R? value)
DR100 0.666 + 0.086 0.544 + 0.088 0.597 + 0.132 0.530 + 0.129 0.315 + 0.221
(0.657 + 0.082) (0.551 + 0.076) (0.681 = 0.090) (0.546 = 0.125 (0.417 + 0.262)
DRIS0 0.330 + 0.065 0.333 + 0.039 0.317 + 0.052 0316 + 0.080 0.160 + 0.111
(0.693 + 0.095) (0.706 + 0.032) (0.690 = 0.094) 0.674 + 0.148) (0.392 + 0.299)
DR200 0.258 + 0.031 0.273 + 0.034 0.261 + 0.029 0.231 + 0.047 0.131 + 0.100
(0.727 + 0.065) 0.721 + 0.045) (0.727 + 0.067) 0.635 + 0.137) (0388 + 0.294)

Fig. 1. Ultrasound data acquisition process and magnetic resonance 6-point Dixon imaging of simulated fatty liver
phantom. (a) Acquisition of ultrasound images of simulated fatty liver phantom, (b) Ultrasound imaging of a 3%
water-oil phantom, (c) 6-point Dixon MRI, the left is fat only image and right is fat percentage image.
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Fig. 2. Average change graph of US-GRE for each oil/water phantom by the dynamic range of ultrasonography.
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Fig. 3. Correlation analysis between magnetic resonance Dixon fat percentage and US-GRE values.
(a) dynamic range 100, (b) dynamic range 150, (c¢) dynamic range 200.
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7} o) Fael e BAY F9E Table
29 Aelshsict.

Table 2. Average value and coefficient of determination
of US-GRE according to dynamic range of oil/water

Dynamic phantom
Range  oil(%) 0% 3% 9% 15% 21%

0 1.000  .044%* 283 .034% .004%*
3 1.000 398 816 .040%*
100 9 1.000 192 .005%**
15 1.000 .056
21 1.000
0 1.000 920 532 543 .001**
3 1.000 339 493 .003**
150 9 1.000 963 .007**
15 1.000 .008**
21 1.000
0 1.000 .008** 860 2207 .006**
3 1.000 .008** 046  .007**
200 9 1.000 .008**  .013*
15 1.000 .008**
21 1.000

* p<0.05, ** p<0.001

IV. DISCUSSION
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