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Purpose: This study’s primary aim was to assess factors affecting ultrasound attenuation coefficient
(AC) measurement repeatability using the Canon ultrasound (US) system. The secondary aim was to
evaluate whether similar results were obtained with other vendors’ AC algorithms.

Methods: This prospective study was performed at two centers from February to November 2022.
AC was obtained using two US systems (Aplio i800 of Canon Medical Systems and Arietta 850 of
Fujifilm). An algorithm combining AC and the backscatter coefficient was also used (Sequoia US
System, Siemens Healthineers). To evaluate inter-observer concordance, AC was obtained by two
expert operators using different transducer positions with regions of interest (ROIs) varying in terms of
depth and size. Intra-observer concordance was evaluated on measurements performed intercostally,
subcostally, and in the left liver lobe. Lin's concordance correlation coefficient was used.

Results: Thirty-four participants (mean age, 49.4+15.1 years; 18 females) were studied. AC
values progressively decreased with depth. The measurements in intercostal spaces on best-
quality US images using a 3-cm ROl with its upper edge 2 cm below the liver capsule during
breath-hold showed the highest intra-observer and inter-observer concordance (0.92 [95%
confidence interval, 0.88 to 0.95] and 0.89 [0.82 to 0.96], respectively). Measurements in the
left lobe showed the lowest intra-observer and inter-observer concordance (0.67 [0.43 to 0.90]
and 0.58 [0.12 to 1.00], respectively). Intercostal space measurements also had the highest
repeatability for the other two ultrasound systems.

Conclusion: AC values obtained in intercostal spaces on best-quality images using a 3-cm ROl
placed with its top 2 cm below the liver capsule were highly repeatable.

Keywords: Liver steatosis; Fat quantification; Attenuation coefficient; Fatty liver; Ultrasound;
Non-alcoholic fatty liver disease; Repeatability studies

Key points: Attenuation coefficient values obtained in the right intercostal spaces were highly
repeatable. Measurements in the left liver lobe are not recommended because their repeatability
was only moderate, which would limit comparisons of follow-up measurements. The highest
repeatability of measurement with the attenuation imaging algorithm was obtained on best-
quality images, positioning the upper edge of the region of interest 2 cm below the liver capsule,
avoiding reverberation artifacts, and with a 3-cm region of interest.
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Protocol for US liver fat quantification

Introduction

Non-alcoholic fatty liver disease has become the leading cause of
chronic liver disease worldwide. The detection and quantification
of liver fat content are of great interest not only for the diagnosis
of the disease, but also for follow-up and prognostication [1,2].
Of note, a study in a large population has shown that even the
presence of simple steatosis is associated with a higher risk of
mortality with respect to controls [3].

Algorithms for the quantification of liver fat content with
ultrasound (US) systems, based on the estimation of the US beam
attenuation, backscattering, or speed of sound, are currently
available [1,2,4]. Attenuation coefficient (AC) algorithms estimate
the attenuation of the US beam as it traverses the tissue, whereas
the backscatter coefficient is a measure of the fraction of US energy
returned to the transducer from the tissue. Higher values for both
parameters indicate higher liver fat content. On the contrary, the
speed of sound decreases in higher-density materials, and lower
speeds are therefore associated with higher liver fat content [4].

As of today, AC algorithms have been the most frequently used
in published studies [1,2,4]. They have shown good to excellent
performance in detecting and grading liver steatosis. In some
studies, they performed significantly better than the controlled
attenuation parameter (Echosens, France) for grading significant
steatosis or every steatosis grade [5-7]. However, little is known
about the best protocol for reliable acquisition. A panel of experts of
the American Institute of Ultrasound in Medicine-RSNA Quantitative
Imaging Biomarkers Alliance (QIBA) Pulse-Echo Quantitative
Ultrasound (PEQUS) initiative has pointed out that, even though the
literature reports clinically acceptable values obtained using vendor
guidelines, the depth dependence of AC measurements needs to be
evaluated [2], and recommended that, until otherwise proven, the
same protocol followed for liver stiffness measurement should be
applied. Currently, it is not known whether angling the transducer to
the liver capsule or using different locations for the AC measurement
affects its value or the intra- and inter-observer repeatability. The
primary aim of this study was to assess factors that may affect the
repeatability of AC measurements with the attenuation imaging
(ATI) algorithm available on Canon US systems. The secondary aim
was to evaluate whether the repeatability of AC measurements was
affected in the same manner when using algorithms commercially
available on US systems from other manufacturers.

Materials and Methods

Compliance with Ethical Standards
This institutional review board—approved, Health Insurance
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Portability and Accountability Act—compliant prospective study
was performed at two centers, one in Italy and the other in the
USA. From February 2022 to November 2022, volunteers willing to
participate in the study were consecutively enrolled after signing a
written informed consent form.

Patients
The inclusion criteria were age >18 years and good health. Patients
with focal fatty deposition or fatty sparing were excluded.

For each participant, the biometric characteristics (age, sex, body
mass index, and waist circumference) were recorded. Liver steatosis
was assessed using B-mode US [8]. The skin-to-liver capsule
distance in centimeters (cm) and liver stiffness in kilopascals (kPa)
were measured with the Aplio i800 US system (Canon Medical
Systems, Tokyo, Japan). Liver stiffness and AC measurements were
obtained after 4 hours of fasting.

AC was obtained using the ATl algorithm implemented in the
Aplio i-series US systems and the "improved" attenuation (iATT)
algorithm implemented in the Arietta 850 US system (Fujifilm, Tokyo,
Japan). They both give measurements in decibels per centimeter
per megahertz (dB/cm/MHz). Moreover, the ultrasound-derived
fat fraction (UDFF) algorithm, which is a combination of AC and
the backscatter coefficient implemented in the Sequoia US system
(Siemens Healthineers, Erlangen, Germany), was also used for the
purpose of this study. The measurements are given as the percent of
fat (%).

The features of the three algorithms are the following: ATI; A
large field of view (length of 100 mm, upper and lower width of 45
mm and 80 mm, respectively) covering around 70% of the B-mode
image was chosen. The minimum size of the region of interest
(ROI) was 30x30 mm. The quality of the measurement is displayed
as an R” value, and only the measurements with an R* >0.90
were recorded, as recommended by the manufacturer (Fig. 1). The
measurements were performed with an i8CX1 convex transducer. A
measurement was considered a failure when the R value was below
0.70, as recommended by the vendor.

Improved Attenuation

The AC was obtained together with a liver stiffness measurement;
the ROI was not color-coded and the size (both width and length)
was not user-adjustable. The measurement was made in a fixed
area (length, 35-75 mm from the skin; upper and lower widths of
5.8 mm and 8.5 mm, respectively) (Fig. 2). The measurements were
performed with a C6-1 convex transducer.

Ultrasound-Derived Fat Fraction
The ROI had a fixed size (length of 40 mm, upper and lower
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Fig. 2. Measurement performed in the "b" position using the
improved attenuation (iATT) algorithm implemented on the
Arietta 850 ultrasound system (Fujifilm, Tokyo, Japan). The
attenuation coefficient value is given in decibels per centimeter per
megahertz (dB/cm/MHz) together with liver stiffness value. If the
quality of the measurement is low, the IATT and stiffness values are
not shown and "Vs output failed" appears on the monitor.

Depth:

widths of 30 mm and 40 mm, respectively) and the manufacturer
recommended obtaining the measurement at a fixed depth (upper
edge of the ROl at 15 mm below the liver capsule) (Fig. 3). The
measurements were performed with the deep abdominal transducer
(DAX: 1-3.5 MHz).

To assess inter-observer concordance, each patient’s examinations
were carried out by two expert operators at each center (G.F.
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Fig. 1. Measurement performed in the

a" position using the attenuation
imaging algorithm implemented on the
Aplio i800-series ultrasound systems
(Canon Medical Systems, Tokyo, Japan).
The field of view is color-coded; therefore,
artifacts generally due to reverberation
under the liver capsule (dark orange
area) or due to a low signal-to-noise
ratio in the far field (dark blue areas) can
easily be visualized and not included in
the measurement box. The attenuation
coefficient value is given in decibels per
centimeter per megahertz (dB/cm/MHz).
The algorithm provides a quality measure
for fat quantification (bottom left: R?)
which should be 0.90 or above for a high-
quality measurement.

dB/cm/MHz

Liver Site 1
UDFF=4 %
Depth=4.4 cm

Fig. 3. Measurement performed in the "b" position using the
ultrasound-derived fat fraction algorithm implemented on the
Sequoia ultrasound system (Siemens Healthineers, Erlangen,
Germany). The value is given as the percentage of fat (%) and
it is not shown when the software judges that the quality of the
acquisition is low: in that case, an "XXX" sequence instead of the
percentage appears on the monitor.

and A.R. in Italy, with 37 and 5 years of experience, respectively;
and R.G.B., J.S., and B.N. in the United States, with 32, 15, and 7
years of experience, respectively), using different positions of the
convex transducer or different depth/size of the ROI as follows:
(a) intercostal on the best-quality image, (i.e., the one with fewer
vessels, a strong B-mode signal without artifacts, and not necessarily
following the protocol for stiffness acquisition), with the upper edge
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of the ROI (size, 3 cm) at 2 cm below the liver capsule during a
breath-hold; (b) as "a" but with the transducer always perpendicular
to the liver capsule following the recommendation for liver stiffness

assessment [9-11]; (c) as "a" but at a 2.5 cm depth; (d) as "a
but at a 3 cm depth; (e) as "a" but with an ROI size of 5 cm; (f)
as "a" but subcostal; (g) as "a" but in the left liver lobe using a
longitudinal scan; (h) each measurement in a different location
with the size and depth of the ROl as "a"; and (i) as "a" but while
individuals were freely breathing. For all the measurements with the
ATI algorithm, care was taken not to include artifacts in the ROI.

Since for both the iATT and UDFF algorithms, the measurements
were obtained using a fixed size of the ROl and at a fixed depth,
positions "c," "d," and "e" were not evaluated. Moreover, since
AC with the iATT algorithm is obtained together with liver stiffness,
the protocol recommended for liver stiffness was followed, with the
transducer always perpendicular to the liver capsule while scanning
in the intercostal space [8]. UDFF measurements were obtained
with the DAX transducer always perpendicular to the liver capsule
because the quality of the image degrades when this transducer is
angled. Therefore, for the iATT and the UDFF algorithms, position
"a" was not evaluated.

Liver stiffness measurements were obtained following the
recommended protocol [9-11].

The time estimated to study each volunteer was about 2 hours.
Scanning was randomized to reduce bias.

The median value of five consecutive AC measurements for each
patient was used for the statistical analysis.

Intra-observer concordance was assessed by repeating the
measurements intercostally, subcostally, and in the left liver lobe
at the end of each examination. For the ATl algorithm, the "a,"
"f," and "g" positions were used, whereas for the iATT and UDFF
algorithms the "b," "f," and "g" positions were evaluated for intra-
observer concordance. For the statistical analysis, the data obtained
at both centers were merged; operator 1 was considered the expert
with the highest experience at each center and operator 2 was

defined as any of the other experts.

Statistical Analysis
Sample size: A sample size of 30 subjects with two observations per
subject achieves more than 90% power to detect a concordance
correlation coefficient (CCC) of 0.95 (considered excellent) under
the alternative hypothesis when the intraclass correlation under
the null hypothesis is 0.80 (considered good) using an F-test with a
significance level of 0.05.

Descriptive statistics were calculated for the demographic
characteristics of the study sample. The results were expressed as
the mean value and standard deviation. Qualitative variables were
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summarized as counts and percentages. The intra- and inter-observer
repeatability was assessed with Lin's CCC [12]. The CCC combines
precision and accuracy to determine how far the observed data
deviate from the line of perfect concordance (i.e., the line at 45° on
a square scatterplot). The CCC increases in value as a function of
the nearness of the data's reduced major axis to the line of perfect
concordance (the accuracy of the data) and of the tightness of the
data about its reduced major axis (the precision of the data). CCC
values range from 0 to +1. A CCC value of 0 indicates that most
of the error originates from differences in measurements between
operators. As CCC values approach 1, the measurement differences
between the different operators become negligible and more
consistent. The agreement was classified as poor (0 to 0.20), fair
(0.21 to 0.40), moderate (0.41 to 0.60), good (0.61 to 0.80), and
excellent (0.81 to 1.00) [13]. The CCCs were reported with 95%
confidence intervals (Cls). Bland-Altman analysis was also performed
to calculate the mean difference and 95% limits of agreement of
measurements [14].

A P-value <0.05 was considered statistically significant. All tests
were two-sided. The data analysis was performed with the STATA
statistical package by A.D.S. (release 17.0, 2021, Stata Corp.,
College Station, TX, USA).

Results

Overall, 34 participants (mean age, 49.4+15.1 years; 18 women)
were studied. Twenty-four participants were studied in Italy and 10
in the United States. All 34 were studied using the ATl algorithm,
while a subset of 20 participants was studied with iATT, and a
subset of 18 participants with UDFF.

Table 1 reports the characteristics of the study cohort. The North
American participants were older and had diabetes at a significantly
higher rate. No other significant differences were observed.

A preliminary statistical analysis of the ATl data of the first 14
consecutive participants (mean age, 51.8+16.6 years; 8 males)
showed that the repeatability of measurement in the "g" position
was the lowest, ranging from moderate to poor (Table 2); therefore,
this position was not used in the individuals that were enrolled
thereafter. There was not any statistically significant difference
between this sample and the remaining study cohort.

The mean values obtained with the algorithms used in this
study (i.e., ATI, iATT, and UDFF) are reported in Table 2. AC values
progressively decreased with depth. The mean values of AC with ATI
were 0.64+0.10 dB/cm/MHz at 2 cm ("a" position), 0.62+0.10 dB/
cm/MHz at 2.5 cm ("c¢" position), and 0.59+0.09 dB/cm/MHz at 3.0
cm ("d" position).
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Variable Overall Italy USA P-value
Sample size (%) 34 24/34 (70.6) 10/34 (29.4) -
Female sex (%) 18/34 (52.9) 13/24 (54.2) 5/10 (50.0) 0.822
Age (year) 49.4+15.1 458+14.5 57.8+13.6 0.031
BMI (kg/m’) 26.0+5.5 25.5+4.4 273+76 0.383
Waist circumference (cm) 88.1+15.3 90.9+14.1 83.5+17.9 0.272
Diabetes (%) 4/34(11.8) 1/34(4.2) 3/34 (30.0) 0.035
Skin-to-liver capsule distance (cm) 1.874+0.10 1.88+0.11 1.86+0.25 0.931
B-mode ultrasound steatosis (%) 11/34 (32.4) 7/34 (29. 2) 4/34 (40.0) 0.540
Liver stiffness (kPa) 47(1.7) 4014 5320 0.162
ATl sample size (%) 34 24/34 (70. 6) 10/34 (29.4) =
iATT sample size (%) 20 20/20 (100) - -
UDFF sample size (%) 18 (83.3) 3/18(16.7) =

Values are presented as number (%) or mean=SD, unlesse otherwise indicated.

BMI, body mass index; ATI, attenuation imaging (Canon); iATT, improved attenuation (Fujifilm); UDFF, ultrasound-derived fat fraction (Siemens); SD, standard deviation.

Table 2. Mean values of the ATI, iATT, and UDFF algorithms
obtained in different positions

Variable Mean£SD
ATI (dB/cm/MHz)
(a) Intercostal, 2 cm?, best image (RO size, 3 cm) 0.64+0.10
(b) Intercostal, 2 cm?, 90° (ROI size, 3 cm) 0.64+0.09
(c) Intercostal, 2.5 cm” (RO size, 3 cm) 0.62+0.10
(d) Intercostal, 3.0 cm? (ROl size, 3 cm) 0.59+0.09
(e) Intercostal, 2 cm?, best image (RO size, 5 cm) 0.60+0.09
(f) Subcostal, 2 cm?, best image 0.67+0.13
(g) Left lobe, 2 cm?, best image (n=14) 0.68+0.14
(h) Each measurement in a different location” 0.65+0.10
(i) Free breathing, intercostal” 0.65+0.12
iATT (dB/cm/MHz)
Intercostal 0.63+0.10
Subcostal 0.62+0.09
Each measurement in a different location 0.65+0.10
Free breathing, intercostal 0.67+0.09
UDFF (%)
Intercostal 6.6+4.2
Subcostal 9.1+74
Fach measurement in a different location 6.6+4.2
Free breathing, intercostal 58+32

ATI, attenuation imaging; iATT, improved attenuation; UDFF, ultrasound-derived fat
fraction; SD, standard deviation; RO, region of interest.

IThe distance refers to the upper edge of the ROl with respect to the liver capsule.
®ROI with a size of 3 cm and upper edge of the ROl at a 2 cm below the capsule,
best image.

Attenuation Imaging

There were 4/14 (28.6%) failures for AC measurement in the left
liver lobe and 3/34 (8.8%) failures for measurements that were
obtained subcostally. No failures for measurements in the intercostal
space were reported.

Table 3 reports the intra-observer and inter-observer concordance
for the ATl measurements obtained using various transducer
positions and ROI sizes. The "a" position, in the right intercostal
space, showed the highest mtra-observer and inter-observer
concordance (0.92 [95% Cl, 0.88 to 0.95] and 0.89 [95% Cl, 0.82
to 0.96], respectively). Moreover, the limits of agreement (i.e., the
interval of two standard deviations of the measurement differences
on either side of the mean difference) were the narrowest for both:
mean difference: 0.002 dB/cm/MHz with limits of agreement from
-0.080 to 0.084 dB/cm/MHz for the intra-observer concordance,
and mean difference: 0.005 dB/cm/MHz with limits of agreement
from -0.085 to 0.095 dB/cm/MHz for the inter-observer
concordance. These narrow ranges indicate that the measurement
in this position had the highest precision. Using the "a" position
as reference, the highest concordance was observed with the "b"
position. Of note, when increasing the ROl size from 3 ¢cm to 5
cm on the best-quality US image obtained in intercostal spaces,
the inter-observer concordance was 0.78 (95% Cl, 0.63 to 0.93),
whereas in the same position but with a 3-cm ROl it was 0.89 (95%
Cl,0.82 t0 0.96).

Figs. 4-6 show the Bland-Altman plots of differences in
measurements.
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Table 3. Intra-observer and inter-observer concordance in ATI measurements
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Mean difference, dB/cm/MHz

e a) . (") ¥
Position of the ROI” (ROl size) CCC (95% Cl) Pearson’s r (95% limits of agreement)
Intra-observer concordance
(best image, ROI at 2 cm below the liver capsule, ROl length: 3 cm)
Intercostal 0.92 (0.88 t0 0.95) 092 0.002 (—0.080 to 0.084)
Subcostal 0.80 (0.721t0 0.89) 0.81 —0.001 (-=0.141 t0 0.139)
Left lobe (n=14) 0.67 (0.43t0 0.90) 0.70 —0.001 (-0.181 t0 0.183)
Inter-observer concordance
(a) Intercostal, 2 cm, best image (3 cm) 0.89 (0.82 t0 0.96) 0.89 0.005 (—0.085 to 0.095)
(b) Intercostal, 2 cm, 90° (3 cm) 71(0.531t00.89) 0.72 0.001 (-0.142 t0 0.145)
(c) Intercostal, 2.5 cm (3 cm) 0.78 (0.64 10 0.91) 0.78 —0.004 (=0.137 10 0.128)
(d) Intercostal, 3.0 cm (3 cm) 0.76 (0.621t00.97) 0.76 0.003 (-0.126 t0 0.131)
(e) Intercostal, 2 cm, best image (5 cm) 0.78 (0.63 10 0.93) 0.78 0.004 (—0.112 t0 0.120)
(f) Subcostal, 2 cm, best image 0.74 (0.57 t0 0.90) 0.76 0.001 (=0.174 10 0.176)
(g) Left lobe, 2 cm, best image (n=14) 0.58 (0.12 t0 1.00) 0.58 —0.008 (-=0.248 10 0.232)
(h) Each measurement in a different location” 0.69 (0.51 t0 0.87) 0.70 0.005 (=0.141 10 0.151)
(i) Free breathing, intercostal” 0.69 (0.51 10 0.87) 0.71 0.023 (—0.156 t0 0.202)
Concordance assessed using the values obtained with the (a) position as reference
(b) Intercostal, 2 cm, 90° (3 cm) 0.89 (0.84 t0 0.94) 0.90 0.004 (-0.077 to 0.086)
(c) Intercostal, 2.5 cm (3 cm) 0.82(0.74 10 0.90) 0.83 —0.020 (-0.133t0 0.093)
(d) Intercostal, 3.0 cm (3 cm) 0.61 (04810 0.74) 0.70 —0.052 (-=0.199 to 0.096)
(e) Intercostal, 2 cm, best image (5 cm) 0.67 (0.54 t0 0.80) 0.74 —0.038 (-0.160 to 0.083)
(f) Subcostal, 2 cm, best image 0.53 (03610 0.71) 0.56 0.034 (-0.174 t0 0.241)
(g) Left lobe, 2 cm, best image (n=14) 0.17 (<026 t0 0.61) 0.18 0.036 (-0.296 t0 0.369)
(h) Each measurement in a different location” 81(0.72 10 0.89) 0.81 0.009 (-0.108 t0 0.125)
(i) Free breathing, intercostal” 0.81(0.73t0 0.89) 0.82 0.002 (-0.130t0 0.134)
ATI, attenuation imaging; ROI, region of interest; CCC, concordance correlation coefficient; Cl, confidence interval.
The position refers to the upper edge of the ROI with respect to the liver capsule. "ROI at 2 cm, best image.
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Fig. 4. Intra-observer concordance estimated with the attenuation imaging algorithm: Bland and Altman plot of differences in
measurements. The green line (y=0) is a line of perfect average agreement. The purple line represents the mean of the difference in
measurements. The red lines define the limits of agreement (mean of the difference [2 standard deviations]). Results of intercostal scanning (A),
subcostal scanning (B), and left lobe scanning (C) are shown.
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Fig. 5. Inter-observer concordance with the attenuation imaging algorithm: Bland and Altman plot of differences in measurements. The
green line (y=0) is a line of perfect average agreement. The purple line represents the mean of the difference in measurements. The red lines
define the limits of agreement (mean of the difference [2 standard deviations]). Results of position "a" (A), position "b" (B). position "c" (C).
position "d" (D), position "e" (E), position "f" (F), position "g" (G), position "h" (H), and position "I" (I) are shown.

Ultrasound-Derived Fat Fraction

There were 2/18 (11.1%) failures for measurements obtained
subcostally. Table 5 reports the intra-observer and inter-observer
concordance for the measurements with the UDFF algorithm
obtained using various transducer positions. The highest intra-
observer and inter-observer concordance values were observed for
measurements acquired in the right intercostal space.

Improved Attenuation

There were 3/20 (15.0%) failures for AC measurements obtained
subcostally. Table 4 reports the intra-observer and inter-observer
concordance for the measurements with the iATT algorithm obtained
using various transducer positions. The highest intra-observer and
inter-observer concordance values were observed for measurements
obtained in the right intercostal space.
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Discussion

The results of this study show that AC measurements obtained
using the right intercostal space on best-quality images showed the
highest intra-observer and inter-observer repeatability across all US
systems that were evaluated, and that measurements in intercostal

spaces were always feasible.

e-ultrasonography.org

Difference in measurements

o]

Difference in measurements

m

Difference in measurements

©
~
1

"a" and "c" positions

o
\S)
Il

o

-0.24°

|
o
IS

Mean of measurements
—— Observed average agreement
—— 95% Limits of agreement
y=0 is line of perfect average agreement

"a" and "f" positions
0.4

T T T T
0.5 0.6 0.7 0.8 0.9 1

0.2

|
o
'S

0.5 O.IG OI.7 OI.8 0.9
Mean of measurements

—— Observed average agreement

—— 95% Limits of agreement

y=0 is line of perfect average agreement

0.4 "a" and "i" positions

0.2

I
N
~

Mean of measurements
—— Observed average agreement
—— 95% Limits of agreement
y=0 is line of perfect average agreement

T T
0.4 0.6 0.8 1

ULTRASONOGRAPHY

0.4 "a" and "d" positions

0.2

-0.2

Difference in measurements

-0.4 T T T T
0.5 0.6 0.7 0.8 0.9
Mean of measurements

—— Observed average agreement
—— 95% Limits of agreement
y=0 is line of perfect average agreement

C
®» "a" and "g" positions
$ 04
£
[}
5 0.2
[2]
«
Q
€ 0
£
8 -0.2-
o
[}
£ -04 T T T T
e 0.5 0.6 0.7 0.8 0.9
Mean of measurements
—— Observed average agreement
—— 95% Limits of agreement
y=0 is line of perfect average agreement
F

Fig. 6. Concordance with the "a
position as reference estimated with
the attenuation imaging algorithm:
Bland and Altman plot of differences in
measurements. The green line (y=0) is
a line of perfect average agreement. The
purple line represents the mean of the
difference in measurements. The red lines
define the limits of agreement (mean of
the difference [2 standard deviations]).
Concordance of position "a" to position
"b" (A), position "a" to position "c" (B),
position "a" to position "d" (C), position
"a" to position "e" (D), position "a" to
position "f" (E), position "a" to position
"g" (F), position "a" to position "h" (G),
position "a" to position "I" (H) are shown.

It must be highlighted that increasing the ROI size from 3 cm to
5 ¢m on the best-quality US images obtained in intercostal spaces

reduced the inter-observer concordance from excellent to good.
It can be speculated that at higher depths there is a decrease in
the signal-to-noise ratio that might affect the consistency of the
measurements in an unpredictable manner.

A preliminary analysis of the results obtained in the first 14
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Table 4. Intra-observer and inter-observer concordance in the attenuation coefficient values obtained with the improved attenuation

algorithm
Position of the transducer CCC(95% Cl) Pearson’s r M?;:o/(: i;f;:f:;?;gzgmg\:gz)
Intra-observer concordance
Intercostal 0.80 (0.64 to 0.90) 0.80 0.003 (-0.133t0 0.139)
Subcostal 0.57(0.331t00.81) 0.57 0.003 (-0.143 t0 0.150)
Inter-observer concordance
Intercostal 0.80(0.63 t0 0.97) 0.80 0.008 (-0.127 t0 0.143)
Subcostal 0.39 (-0.04 t0 0.81) 0.39 0.000 (-0.179t0 0.179)
Each measurement in a different location 0.76 (0.57 t0 0.95) 0.78 0.018 (-0.119t0 0.155)
Free breathing, intercostal 0.49(0.17t0 0.82) 0.52 0.018 (-0.191 t0 0.226)

CCC, concordance correlation coefficient; Cl, confidence interval.

Table 5. Intra-observer and inter-observer concordance in the measurements obtained with the ultrasound-derived fat fraction

algorithm
Position of the transducer CCC(95% Cl) Pearson’s r (95(%‘ Tiarrr:ifsif;?;i]nr:zr:int)
Intra-observer concordance
Intercostal 0.91(0.85100.97) 091 0.188 (=5.138 t0 5.513)
Subcostal 0.81(0.6910 0.92) 0.82 0.056 (-5.907 t0 6.018)
Inter-observer concordance
Intercostal 0.70 (046 t0 0.94) 0.71 —0.222 (-7.194 10 6.750)
Subcostal 0.67 (040 t0 0.95) 0.69 —0.375(=11.011t0 10.261)
Each measurement in a different location 0.38(-0.01t00.77) 040 0.500 (—7.404 to 8.404)
Free breathing, intercostal 0.57 (0.28 t0 0.85) 0.64 1.444 (-8.406 10 5.517)

CCC, concordance correlation coefficient; Cl, confidence interval.

consecutive participants highlighted that ATl measurements
performed in the left liver lobe had the lowest reproducibility and
the highest rate of failure. Moreover, when the AC values obtained
in the left liver lobe were compared with those obtained with the
position that showed the highest repeatability of the AC values,
the agreement was very poor (0.17 [95% Cl, -0.26 to 0.61]).
These results were confirmed through the analysis of the AC values
obtained in the first four participants with the iATT algorithm (results
not shown). Therefore, measurements in the left liver lobe were not
performed in the participants that were enrolled thereafter in order
to avoid unnecessary discomfort related to the long time needed
to complete all measurements. It must be underscored that the
AC values obtained in the left liver lobe were higher than those
obtained subcostally or intercostally. The reason for this difference is
unclear. As a speculative explanation, it might be due to artifactual
areas generated by the rhythmic motion of the left liver lobe due to
heartbeats, which may lead to a false increase in the AC value.
UDFF, which is one of the algorithms used in this study, is a

combination of AC and the backscatter coefficient. The results
obtained using the UDFF algorithm followed the same trend
observed with the ATl and iATT algorithms that estimate only AC.
However, it is unclear whether the repeatability of the values of the
backscatter coefficient parameter included in the UDFF algorithm
is affected in the same manner as the AC because it was not
possible to separately evaluate the two parameters. Further studies
are needed to assess whether the repeatability of the backscatter
coefficient is affected by different positions of the transducer.
The same applies to the estimation of the speed of sound, which
is another parameter available for the quantification of liver fat
content that was not evaluated in the present study.

This study assessed the repeatability (i.e., the precision) of
measurements and not their accuracy. It must be underscored that a
measurement can be highly precise but inaccurate. However, several
published studies have evaluated the accuracy of AC algorithms
using either liver biopsy or magnetic resonance imaging-derived
proton density fat fraction as the reference standard [1,2,4]. Those
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studies generally used the protocol recommended for liver stiffness
assessment; therefore, AC measurements were performed in the
intercostal space, and the accuracy ranged from good to excellent.
However, the AC best thresholds for detecting and grading liver fat
content were different among studies [1,2,4,15]. These differences
might have been due to differences in the protocols used to acquire
AC values.

AC estimation can be used as a readily available non-invasive
tool for diagnosing or following up patients with non-alcoholic fatty
liver disease. Therefore, a standard approach that limits artifacts
and that is highly reproducible for fat quantification is strongly
needed. As expected, depth was found to affect the AC value and
its repeatability; however, this can be controlled by standardizing
the protocol for acquiring the AC values. In the present study, the
influence of depth was evaluated only with the ATl algorithm.
Further studies are needed to evaluate the effect of depth on AC
values with different algorithms.

The major strength of this study is that the prevalence of liver
steatosis in the Italian and North American samples, as evaluated
by B-mode US, was 29.2% and 40.0%, respectively, with an overall
prevalence of 34.2%. This prevalence is similar to that reported
in the general population in a recent large meta-analysis [14];
therefore, the findings of this study would likely be the same in a
different sample. Another strength is that several positions of the
transducer and different depths or sizes of the ROl were evaluated,
and this helped address sources of bias that may affect the
repeatability of AC measurements. Moreover, the study involved two
centers located on two different continents, and the data for the
statistical analysis were combined to address another source of bias
that is inevitable in single-center studies.

There are some limitations to this study. First, several vendors
have implemented AC algorithms in their US systems. This study used
only three US systems, and in one of them, the AC was combined
with the backscatter coefficient. Second, the measurements with
the UDFF were made using the DAX probe, which was designed for
obese individuals, even though the participants enrolled in this study
were mostly normal or overweight. However, the UDFF algorithm
was available only on the DAX probe at the time of the study. Third,
these results might not be applicable to morbidly obese individuals.
Fourth the intersystem variability could not be calculated due to the
small sample size. However, this was beyond the aims of the study.

In conclusion, this study shows that AC values obtained from
images in the right intercostal space were highly repeatable,
whereas measurements in the left liver lobe had insufficient
repeatability for follow-up studies and therefore cannot be
recommended. With the ATl algorithm, the highest repeatability of
the AC measurement was obtained on images of the best quality, by
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positioning the upper edge of the ROI 2 cm below the liver capsule,
avoiding including reverberation artifacts, and with a 3-cm region of
interest. To evaluate the accuracy of the AC in detecting and grading
liver steatosis, a standardized protocol is needed; otherwise, the
cutoff values are likely to be inconsistent between studies.
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