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Abstract

Background and objectives: Clinical unmet need in managing nonalcoholic fatty liver disease (NAFLD), a common liver dis-
order affecting 25-30% of American adults is to develop noninvasive and robust biomarkers.

Methods: We re-measured liver AC by placing a region of interest (ROI, 3 cm tall and 3 cm wide) at 4.5 cm, 6 cm, and 7.5 cm from
the skin and a large ROI (6.0 cm tall and 7.3 cm wide) on pre-recorded ATI images from 117 participants screened for NAFLD. The
difference in AC value at variable ROI depths was tested using one-way ANOVA (analysis of variance). Diagnostic performances
of AC at variable depths in determining hepatic steatosis were examined by area under receiver operating characteristic curve
(AUC) using MRI-proton density fat fraction (MRI-PDFF) as reference and were compared using paired-sample Z-test.

Results: Based on MRI-PDFF, 117 livers were divided to 27 normal livers (MRI-PDFF < 5%) or 90 steatotic livers (MRI-PDFF 2
5%). Differences in AUC and AC value at variable depths and size were statistically significant (p < 0.01). The best performance
for determining hepatic steatosis was the AC measured at 6 cm from the skin (AUC = 0.92). Sources of errors in performing ATI
included reverberation, blank color region, and acoustic shadowing within the measurement ROI.

Conclusions: ROI depth significantly influences liver AC estimation. The best ROI depth to measure liver AC in patients with

BMI > 30 may be at a depth of 6 cm from the skin. Technical considerations should be taken in performing liver ATIL.

Introduction

The prevalence of nonalcoholic fatty liver disease (NAFLD) has seen
a significant increase worldwide, with a 10% increase in a recent
5-year period.! NAFLD is now estimated to affect 25% of the gen-
eral population, making it the most common chronic liver disorder in
the world.2 Moreover, there have been strong correlations between
NAFLD and other metabolic syndromes such as diabetes mellitus
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and obesity, cardiovascular disease, and chronic kidney disease re-
ported.>* Therefore, NAFLD is an ever-increasing healthcare con-
cern in which early detection can result in better clinical outcomes.
Hepatic steatosis, defined as an accumulation of lipids within the
liver parenchyma (>5%), can cause liver tissue injury. This dam-
age begins with inflammation that results in liver scarring, which
ultimately develops fibrosis in the liver. If left untreated, progres-
sion of fibrosis can lead to cirrhosis, which significantly increases
the risk for developing liver failure and hepatocellular carcinoma.’
Early stages of NAFLD are reversible and can be managed with
lifestyle changes and medications, however, once progression is
made to later stages, there are no approved treatments other than
liver transplantation.® The current gold standard in the diagnosis
of NAFLD is liver biopsy, which is highly efficacious for diagno-
sis throughout all stages of NAFLD, specifically in determining
nonalcoholic steatohepatitis (NASH).” The liver biopsy, as with
any invasive procedure, has the associated risks of pain, infection,
bleeding, and unintended comorbidities that are significant; in ad-
dition to variation in tissue sampling and interpretation.?
Alternatively, there are non-invasive imaging modalities available
for assessing NAFLD including computed tomography (CT), mag-
netic resonance imaging (MRI), serologic testing, and ultrasound. CT
has shown to be an effective measure in assessing more advanced liv-
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er disease but is insufficient in detecting earlier stages of steatosis and
fibrosis. There is also the additional concern of radiation exposure to
the patient.” Serological markers are available to assess inflamma-
tion and fibrosis developed in NAFLD without radiation exposure.
However, these markers are not sensitive to stage hepatic steatosis.'?

The current preferred imaging modality in the diagnosis of
NAFLD is magnetic resonance imaging-based proton density fat
fraction (MRI-PDFF). This technique is done by utilizing the mul-
ti-echo Dixon method, which discriminates between water and fat
proton using the chemical inclusion and exclusion method.!! Fur-
thermore, MRI-PDFF has been proven to be more sensitive than
histology-determined steatosis grading in quantifying fat content
in the liver.!> As such, MRI-PDFF has become a leading non-in-
vasive imaging technique in managing NAFLD.!3 However, the
limitations of MRI include high cost, contraindications (claustro-
phobia), and limited test access in rural areas.

Ultrasonography remains the most commonly used imaging mo-
dality to assess hepatic steatosis. This can be attributed to its high
diagnostic utility, low cost, ability to be perform at bedside, wide
availability, and overall patient tolerability."* However, underesti-
mation of hepatic steatosis in individuals with <20% liver adiposity
using conventional B-mode ultrasound criteria was reported.!3

More recently, innovations in quantitative ultrasound biomark-
ers including two-dimensional attenuation imaging (ATI) have
been made that allow for assessing hepatic steatosis with a widely
available, cost-efficient, radiation free, and robust technique. ATI
assesses the degree of ultrasound energy loss in a localized region
of interest (ROI) on B-mode imaging. As reported, ultrasound
attenuation coefficients (AC, dB/cm/MHz) assessed by ATI was
closely correlated to MRI-PDFF in quantifying hepatic steatosis
and intra- and inter-operator reliability in performing ATI was
g00d.'%17 Yet, the diagnostic scanning protocol of ATI in screening
for NAFLD has not been standardized, and technical considera-
tions in performing ATI need to be addressed.

We aimed to assess the variation in the value and diagnostic
performance of AC measured at different depths using MRI-PDFF
as the reference standard and elaborate on sources of errors in per-
forming liver ATI to screen for NAFLD.

Materials and methods

The study was conducted through remeasuring AC values on pre-
recorded ATI images in 117 adult participants who met inclusion
criteria for screening for suspected NAFLD (age >18years old;
suspicious or known NAFLD; alcohol intake <20g/day; no history
of autoimmune, viral, drug, radiation, or metastasis related liver
diseases, tolerant ultrasound and MRI scans) and underwent the
ultrasound and MRI scans within 30 days each other in a previous
pilot study. The initial study received ethical approval from the
Institutional Review Board of Rocky Vista University (IRB#2019-
0009) and was performed in accordance with the Declaration of
Helsinki (as revised in 2013). All participants provided written
informed consent upon enrollment. Additionally, the manuscript
was prepared in accordance with Standards for Reporting of Di-
agnostic Accuracy Studies (STARD) study reporting guidelines.
Initially, five liver ATI images were acquired for each participant
using a commercial ultrasound scanner equipped with a curvilinear
transducer (PVI-475BX, 1.8-6.2 MHz, Aplio 1800, Canon Medi-
cal Systems USA, Tustin, CA, USA) after fasting 68 hours. Liver
ACs were measured approximately 2.0 cm below the liver capsule.
All ATI images were stored on the hard drive of the scanner. A
senior operator with more than 30 years of experience in abdomi-
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nal ultrasound and 4 years of experience in ATI performed all ini-
tial scans using manufacturer recommended machine settings and
scanning protocol.!” The liver MRI-PDFF were initially performed
using a multipoint Dixon technique (Iterative decomposition of
water and fat with echo asymmetry and least squares estimation
(IDEAL) Intelligent Quotient (IQ), General Electric Healthcare
(GE) Healthcare). The methods of MRI-PDFF acquisition used in
the initial study included: noncontrast; breath-hold sequence; 3D
complex gradient echo; low flip angle; 6 echo-imaging for T2*
decay correction. The average of 9 MRI-PDFF values of the liver
was used for analysis.!® Hepatic steatosis was graded SO or >S1
based on MRI-PDFF value <5% or >5%.13 All liver images were
interpreted by three radiologists who had more than 8 years of ex-
perience of clinical abdominal/liver imaging in the initial study.

Ultrasound attenuation imaging

Re-measurements of the liver AC were performed by two junior op-
erators (C.A. and J.D.) who had training in abdominal ultrasound (2
years) and received instruction on how to measure attenuation coef-
ficient of the liver. These two junior operators were blinded to the
initial study results of liver AC, MRI-PDFF, and clinical information
of the participants. Using the image review function on the ultra-
sound scanner (Aplio i800, Canon Medical Systems USA), each of
5 ATI images recorded for each liver in the initial scans was selected
and displayed on the screen (one on one). The initial AC value and
measurement ROI were automatically deleted once the AC meas-
urement function was activated. As a result, a new AC value can be
measured by manually placing a region of interest (ROI) in color-
coded ATT image. The site of ROI placement for measuring liver
AC was confirmed by both operators. The protocol for re-measuring
AC of the liver with variable size at different depths was standard-
ized: using depth scales on the ultrasound image as a guidance, the
operator manually placed a trapezoid ROI (3.0 c¢m tall by 3.0 cm
wide) in the liver at the depth of 4.5 cm (the distance from the skin
to the center of ROI, Fig. 1a), 6 cm (Fig. 1b), 7.5 cm (Fig. 1c), and
a large ROI (6.5 cm tall, upper border wide 4 cm, and lower border
wide 7.3 cm) that encompassed the entire color-coded region on the
ATl image (Fig. 1d). Five ATI images per participant were reviewed.
The average of 5 AC values at each depth in the liver were used for
analysis. The quality of each AC measurement was evaluated by the
R? (coefficient of determination) value showed on the screen (Fig.
la). AC measurements with R? < 0.90 were categorized as meas-
urement failure. All measurements were then logged in a Microsoft
Excel spread sheet for analysis.

Statistical Analysis

The Shapiro—Wilk test was used to test the normal distribution of
quantitative variables. When quantitative variables were normally
distributed, all variables including the distance from the skin to the
liver capsule, body mass index (BMI), age of the participants, AC
value measured at different ROI depth and size were expressed as
mean and standard deviation (SD). Differences in age, BMI, and the
distance from the skin to the liver capsule were examined using two-
tailed #-test. The difference in mean AC value measured at variable
ROI depth and size was tested using one-way analysis of variance
(ANOVA). The diagnostic performance of AC measured at the dif-
ferent depths were examined using receiver operating characteristic
(ROC) curve and displayed with area under ROC (AUC). The area
difference under the ROC curves was compared using two- tailed
paired-sample Z-test. The measurement failure rate (%) = (number
of measurements with RZ < 0.90 / total number of measurements)
at each ROI depth was also calculated. A p value less than 0.05 was
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Fig. 1. Ultrasound attenuation coefficient (AC, dB/cm/MHz) is measured using two sizes of the region of interest (ROI). A ROI (3 cm tall x 3 cm wide) is
placed at the depths of 4.5 cm (the distance from the skin to the center of ROI (a), 6 cm (b), and 7.5 cm (c) in the liver. A larger ROI (d), 6.5 cm tall, 4 cm top
border, and 7.3 cm of bottom border) is also used to measure AC of the liver. The AC value is 1.06 dB/cm/MHz, 0.86 dB/cm/MHz, 0.66 dB/cm/MHz, and
0.85 dB/cm/MHz measured at the depths of 4.5 cm, 6 cm, 7.5 cm, and with a large ROI, respectively. AC, attenuation coefficient; ROI, region of interest.

considered statistically significant. Statistical analysis was conduct-
ed using the commercial software SPSS (Version 28.0, IBM).

Results

Total of 585 AC values (5 AC measurements for each liver) at each
ROI depth were measured from 117 participants (49 men and 68
women, mean age 55 years, age range 20-81 years). Based on

MRI-PDFF, 117 participants were divided to normal liver (MRI-
PDFF< 5%, n = 27) group or steatotic liver (MRI-PDFF > 5%, n
= 90) group (Table 1) (Fig. 2). The difference in the age between
the two groups was significant. Differences in BMI or the distance
between the skin and the liver capsule between the two groups
were not significant (p > 0.05, Table 1).

AC measured 0.88 + 0.21 dB/cm/MHz, 0.73 + 0.13 dB/cm/
MHz, 0.57 £ 0.13 dB/cm/MHz, and 0.72 £+ 0.13 dB/cm/MHz at

Table 1. Demographic information and AC values in 117 participants with and without NAFLD

Parameter Normal liver NAFLD P*
Participants (M/F) 27 (13/14) 90 (36/54)

Age (Y) 60+ 21 51+13 0.04
Body mass index (kg/cm?) 30.02+7.51 32.34+5.43 0.28
Distance from the skin to liver capsule (cm) 3.91 +0.55 4.08 +£0.53 0.46
MRI-PDFF (%) 3.38+0.96 14.55+6.73 <0.001
AC measured with large ROI 0.66 +0.12 0.74 £0.22 <0.01
AC measured at 4.5 cm (dB/cm/MHz) 0.79+0.24 0.92+0.21 <0.01
AC measured at 6 cm (dB/cm/MHz) 0.63+0.10 0.75+0.12 <0.001
AC measured at 7.5 cm (dB/cm/MHz) 0.52+0.13 0.57+0.15 0.10

*Pis based on two-tailed t-test. AC, attenuation coefficient (dB/cm/MHz); MRI-PDFF, magnetic resonance imaging-based proton density fat fraction (%); NAFLD, nonalcoholic fatty

liver disease based on MRI-PDFF 2 5%.
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(n=117)

Potentially Eligible Participants

Excluded (n = 0)
- Age<18(n=0)

- No suspicion of NAFLD
. (n=0)

Y

- Alcohol Intake >20g/day

Participants Available for

(n=0)
- History of other liver
pathology (n = 0)

Review
(n=117) - MRI Scan after >30 days
(n=0)
A 4
Participants Sorted by MRI-
PDFF Value
(n=117)
MRI-PDFF < 5% < > MRI-PDFF = 5%
(n=27) (n=90)

Fig. 2. Flow and organization of participants through our study. MRI-PDFF, magnetic resonance imaging-based proton density fat fraction; NAFLD, nonal-

cohlic fatty liver disease.

ROI depth of 4.5 cm, 6.0 cm, 7.5 cm from the skin and with the
large ROI, respectively (Table 2). The difference in AC value
measured at variable ROI depth and with different ROI size was
significant (p < 0.001). The ATI quality represented by R? for AC
estimation at different depths was listed in Table 2.

The diagnostic performance of AC measured at the different
depths was listed in Table 2 and displayed in Figure 3. AC meas-
ured at 6 cm showed the highest AUC (AUC = 0.92). There is a

Table 2. Analysis of AC measured at variable depth in screening for NAFLD

significant difference in the area under ROC curves between AC
value measured at 6 cm and those values measured at 4.5 cm, 7.5
cm, and large ROI (p <0.01, Table 3). Common sources of pitfalls
in performing ATI are discussed in Figure 4.

Discussion

We have observed significant differences in liver AC value, as well

Parameter ROl at 4.5 cm ROl at 6 cm ROl at 7.5 cm Large ROI ANOVA (p)
AC (dB/cm/MHz) 0.88+0.21 0.73+0.13 0.57+0.13 0.72+0.13 <0.001
ATI quality (R?) 0.88 £ 0.09 0.95 £ 0.06 0.85+0.11 0.91 £ 0.06 <0.001

Failure rate (%) 13/585* (2.2%) 3/585 (0.5%)

ROC (SO vs = S1)

Area under ROC 0.720 0.918

(95% Cl) (0.593-0.847) (0.854-0.982)
Cutoff value 0.85 0.68
Sensitivity 0.66 0.92
Specificity 0.78 0.82

68/585 (12%) 7/585 (1.2%)

0.611 0.683
(0.501-0.721) (0.563-0.803)
0.60 0.60

0.57 0.90

0.93 0.41

AC, attenuation coefficient; ANOVA, one-way analysis of variance; ATI, attenuation imaging; Cl, Confidence Interval; NAFLD, nonalcoholic fatty liver disease; ROI, region of interest;
ROC, Receiver Operating Characteristic. failure rate (%) = (number of cases with R < 0.90 / total number of measurement at each depth); Area under ROC (95% Cl), area under
the receiver operating characteristic curve (95% confidence interval); cutoff value is based on the maximum Kolmogorov-Smirnov (K-S) statistics and the largest one is reported;
ROC (SO vs > S1), ROC of attenuation coefficient (AC) for determining > mild hepatic steatosis; SO, MRI-PDFF < 5%; >S1, MRI-PDFF > 5%; 585* values = 5 AC measurements/at each

depth/per case x 117 cases.
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Fig. 3. The diagnostic performance of liver attenuation coefficient (AC, dB/cm/MHz) measured at different depths and sizes of the region of interest is an-
alyzed using the area under receiver operating characteristic curve (AUC). AUC of AC measured at the depth of 4.5 cm (green curve), 6.0 cm (purple curve),
7.5 cm from the skin (orange curve), and with the large ROI (brown curve) in determining mild hepatic steatosis (251, MRI-PDFF 2 5%) is 0.72, 0.92, 0.61, and
0.68, respectively. MRI-PDFF, magnetic resonance imaging-based proton density fat fraction; ROC, receiver operating characteristic; ROI, region of interest.

as in ATI quality, and diagnostic performance (AUC) for determin-
ing NAFLD among those measured at variable ROI depth and size.
Importantly, re-measuring the AC value of the liver on the pre-re-
corded ATI images stored in the ultrasound scanner hard drive is an
ideal method that allows radiologists to remeasure AC in different
ROI location and correct technical errors in the AC measurement.
As such, the accuracy of interpreting ATI images to assess hepatic
steatosis can be improved without a requirement of re-scanning
(callback) the patient.

In the study, the best ROI depth for measuring liver AC is at 6
cm from the skin (Fig. 1b) resulting in the highest diagnostic per-
formance of AC to determine > mild hepatic steatosis, ATI qual-
ity, and lowest failure rate compared with AC values measured at
depths of 4.5 cm, 7.5 cm, and large ROI. The ROI depth at 4.5 cm
seemed to be too close to the liver capsule to avoid the dark orange
color area produced by high noise or reverberation artifact (Fig.

Table 3. Comparison the AUC of AC in determining hepatic steatosis

4a, b) in some patients. The ROI depth at 7.5 cm was often too
deep from the skin to exclude the dark blue area (weak echo signal,
Fig. 4¢) due to less sound penetration,!® which yielded the poor
ATI quality, low diagnostic performance, and high failure rate. The
utilization of a large ROI is able to assess tissue attenuation in rela-
tive larger region of liver parenchyma (6.5 cm x 7.3 cm vs. 3 cm
x 3 ¢cm). However, using a large ROI to measure liver AC magni-
fies technical challenges to place such a large ROI in a small liver
(such as a cirrhotic liver) and avoid prominent hepatic vessels (e.g.
dilatation of the hepatic veins in congestive heart failure or portal
vein in significant portal hypertension). Further, AC measured at
the depth of 7.5 failed to distinguish steatotic livers from normal
livers as the difference in AC value between normal and steatotic
livers was not significant (p = 0.10, Table 1).

Ultrasound attenuation-based fat quantification technique relies
on the assessment of the energy loss of the acoustic signals while

Paired-sample area difference under the ROC curves

Asymptotic 95% Confidence interval

Test result pair(s) z Sig. (2-tail)? AUC difference std. error difference? Lower bound Upper bound
4.5cm:6cm -3.622 0.000 -0.198 0.309 -0.305 -0.091
45cm:7.5cm 1.715 0.086 0.109 0.343 -0.016 0.233

4.5 cm: large ROI 1.125 0.261 0.037 0.345 -0.027 0.101
6cm:7.5cm 5.202 0.000 0.307 0.296 0.191 0.423

6 cm: large ROI 4.479 0.000 0.235 0.303 0.132 0.338

7.5 cm: large ROI -1.586 0.113 -0.072 0.335 -0.161 0.017

AC, attenuation coefficient; AUC, area under register operating characteristic curve; ROI, region of interest. AUC comparison* is to test the area difference under the ROC curves
using a two-tailed paired-sample Z-test; Sig, significance (p value); 4.5 cm, 6 cm, and 7.5 cm, the distance from the skin to the center of the region of interest for measuring liver
attenuation coefficient (AC). Large ROI, the size of region of interest (6.5 cm x 7.3 cm) for measuring liver AC.
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Liver capsule

0.87 dBlemliHz ( R*2 087 )

Fig. 4. Technical errors in measuring liver attenuation coefficient (AC). Common technical errors in performing liver ultrasound attenuation imaging (ATI)
are dark orange area (white arrow, a), the liver capsule (b), the region with blank color at the depth of >10 c¢m (c, the white arrow points R < 0.90), and
acoustic shadowing (white arrows, d) included in the measurement ROI. In addition, placing measurement ROl out of the center of the ultrasound attenua-
tion imaging (ATI) image and/or sound beam (white arrow) to liver capsule (yellow solid line) off 90 degrees (e) may also maximize scattering sound energy

to various directions resulting in measurement errors.

travelling through the tissue.?’ The distance the sound beam trav-
els, the scanning frequency, and the property of the tissue evaluat-
ed effect the ultrasound signal that returns to the transducer.!%2? As
reported, an AC value reflects the degree of acoustic attenuation
produced by fat content in the liver and the liver AC estimation is
depth dependent.?! Therefore, it is important to place the ROI at a
standardized depth to minimize intra- and inter-observer variation
in performing ATI and technical errors among follow up scans for
monitoring hepatic steatosis.

Best practices for ATI (Canon Medical Systems) measurement
and reporting are still evolving. Besides manufacturer’s recom-

mendation, there is no standardized consensus available to guide
performing ATI of the liver.? It is important to standardize pre-
scan preparation (fasting 6—8 hours), machine settings (scanning
frequency), scanning protocols (breath-holding maneuver, inter-
costal approach), and operator training for performing liver ATI.
Further, some technical considerations should be taken when at-
tempting to optimize the efficacy and utility of ATI in the diagnosis
and monitoring of hepatic steatosis. There are sources of errors and
pitfalls in performing ATI of the liver noted in the study.
1. The region below the liver capsule appearing dark orange
color on ATI is produced by ultrasound reverberation artifact
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(Fig. 4a). Therefore, dark-orange color below the liver capsule

should be excluded from ROI for measuring liver AC.?2

2. The liver capsule should be excluded from the measurement
ROI (Fig. 4b).

3. The posterior region with dark blue (Fig. 4c) or blank color
should be avoided from measurement ROI.23

4. Acoustic shadowing behind the ribs and/or lung (Fig. 4d) should
be avoided from the measurement ROI.

5. The propagation direction of the ultrasound beam is not perpen-
dicular to the liver capsule. Angling of the liver capsule (Fig.
4e) may cause stronger sound beam reflection and refraction
once the angle between sound beam and the liver capsule is off
90 degrees, which may affect AC estimation.

This study has several limitations. First, liver biopsy was not
available as the reference to assess the accuracy of AC in quanti-
fying hepatic steatosis. We employed MRI-PDFF as the reference
standard, which has been used as an acceptable non-invasive al-
ternative measure for quantifying fat content in the liver.!®** Sec-
ond, only one senior operator (J.G.) performed all the ultrasound
scans and interobserver variability was not tested in this study,
however, good to excellent reproducibility was demonstrated in a
training session prior to the study.!” Third, our study included a
large number of participants with obesity (54% participants with
BMI > 30 kg/cm?; 90% participants with BMI >25 kg/cm?). Obe-
sity can significantly alter the placement of ROI within the liver
parenchyma due to varying amounts of subcutaneous adipose tis-
sue. Therefore, the recommended placement of ROI at a depth of
6 cm from skin surface may be suitable for patients with BMI > 30
based on our results. However, the ROI placement for estimating
liver AC should be adjusted according to the level of comorbid obe-
sity and the thickness of the subcutaneous adipose tissue. As such,
measurement failure rate at the measurement depth of 7.5 cm was
higher than at depths of 4.5 cm and 6.0 cm. Additionally, the place-
ment of ROI for estimating liver AC should be adjusted according
to varying levels of subcutaneous adipose tissue, especially in thin
patients with NAFLD. Fourth, we did not analyze confounding fac-
tors, such as liver inflammation and fibrosis that may affect liver
AC measurement because of the lack of biopsy pathology as arefer-
ence. Fifth, we only measured liver AC at the depths of 4.5 cm, 6.0
cm, and 7.5 cm. However, AC measured at the other depths (such
as 6.5 cm, 7.0 cm) may be more appropriate than the introduced
protocol for individual participant based on his/her body habitus.
Sixth, the sample size of the study was small and patient popula-
tion utilized in this study demonstrated a significant difference in
age of participants between the NAFLD and normal liver groups. A
low inverse correlation between the age and liver MRI-PDFF was
observed (Pearson correlation r = —0.18, p = 0.08), which is con-
sistent with a previously reported inverse correlation between the
age and patients with NAFLD in the general population.?’ Thus, an
age matched study in populations with and without NAFLD is war-
ranted. Lastly, the ultrasound scanner hardware and software used
in the study were designed by a single ultrasound vendor. The vari-
ation in measuring liver attenuation coefficient by using ultrasound
scanners and software designed by different vendors needs further
investigation. Clinical and biomedical engineering researchers at
the American Institute of Ultrasound in Medicine (AIUM)-RSNA
Quantitative Imaging Biomarkers Alliance (QIBA) Pulse-Echo
Quantitative Ultrasound (PEQUS) initiative for fat quantification
are working on standardization of ultrasound attenuation coef-
ficient technique for clinical application.2’ NAFLD is a common
disorder affecting liver and cardiovascular systems. Following the
validation of multiple quantitative imaging including ultrasound
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and MRI biomarkers to assess hepatic steatosis, the development
and implementation of artificial intelligence and machine learning
models in performing ultrasound attenuation imaging in NAFLD
management is encouraged.

In conclusion, the ROI depth significantly influences the diag-
nostic performance and value of liver AC estimation. The best ROI
location to measure liver AC in patients with BMI > 30 may be at
a depth of 6 cm from the skin. Technical considerations should be
taken in performing ATI for assessing hepatic steatosis in patients
with variable thickness of the subcutaneous tissue. Excluding re-
verberation, the region with blank color, and acoustic shadowing
from measurement ROI, and AC value with R <0.90 should be
taken into consideration when scanning and interpreting ATI to
screen for NAFLD. The study results provide the reference to de-
velop a standardized protocol in performing ATI.
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