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Quantification of hepatic steatosis with ultrasound: promising role
of attenuation imaging coefficient in a biopsy-proven cohort
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Abstract
Objectives To prospectively assess the role of the US attenuation imaging coefficient (AC) for the diagnosis and quantification of
hepatic steatosis.
Methods One hundred and one patients underwent liver biopsy and US-AC measurement on the same day. Liver steatosis was
graded according to biopsy as absent (S0 < 5%), mild (S1 5–33%), moderate (S2 33–66%), or severe (S3 > 66%); liver fibrosis
was graded from F0 to F4. The correlation between AC and steatosis on pathology (%) was calculated using the Pearson
correlation coefficient. The Student t or Mann–Whitney U test was used to compare continuous variables and ROC curve
analysis was used to assess diagnostic performance of AC in diagnosing steatosis.
Results Overall, 43 (42%), 35 (35%), 12 (12%), and 11 (11%) patients were classified as S0, S1, S2, and S3, respectively. The
ACwas positively correlated with steatosis as a continuous variable (%) on pathology (r = 0.58, p < 0.01). Patients with steatosis
of any grade had a higher AC than those without steatosis (mean 0.77 ± 0.13 vs. 0.63 ± 0.09 dB/cm/MHz, respectively; p < 0.01,
AUROC = 0.805). Patients with S2–S3 had a higher AC than patients with S0–1 (0.85 ± 0.11 vs. 0.67 ± 0.11 dB/cm/MHz,
respectively; p < 0.01, AUROC = 0.892). AC > 0.69 dB/cm/MHz had a sensitivity and specificity of 76% and 86%, respectively,
for diagnosing any grade of steatosis (S1–S3), and AC > 0.72 dB/cm/MHz had a sensitivity and specificity of 96% and 74%,
respectively, for diagnosing S2–S3. The presence of advanced fibrosis (F3–F4) did not affect the calculated AC.
Conclusions The attenuation imaging coefficient is a promising quantitative technique for the non-invasive diagnosis and
quantification of hepatic steatosis.
Key Points
• Measurement of the attenuation coefficient is achieved with a very high rate of technical success.
• We found a significant positive correlation between the attenuation coefficient and the grade of steatosis on pathology.
• The attenuation imaging coefficient is a promising quantitative technique for the noninvasive diagnosis and quantification of
hepatic steatosis.
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Abbreviations
AC Attenuation coefficient
ATI Attenuation imaging
CAP Controlled attenuation parameter
EASL European Association for the Study of the Liver
NAFLD Non-alcoholic fatty liver disease

Introduction

Hepatic steatosis is defined as the presence of at least 5% of fat
containing hepatocytes on pathology [1]. It is the main man-
ifestation of non-alcoholic fatty liver disease (NAFLD),
whose incidence is increasing worldwide, especially in
Western countries. An estimated 25% of adults have
NAFLD worldwide [2, 3] with the highest prevalence in the
Middle East and South America [4]. Hepatic steatosis is asso-
ciated with several other conditions in particular alcohol
abuse, chronic hepatitis C virus (HCV) infection, and receiv-
ing drugs such as chemotherapy [5].

Diagnosis of hepatic steatosis is crucial for patient outcome
and management. Patients with NAFLD present with a high
risk of associated comorbidities such as type 2 diabetes, car-
diovascular disease, and obesity [6]. The pooled overall prev-
alence of diabetes and obesity among patients with NAFLD is
estimated in more than 22% and 51% respectively [4], under-
ling the close association between these pathological condi-
tions. Moreover, steatosis may lead to the development of
chronic inflammation (non-alcoholic steatohepatitis) and liver
fibrosis, which may progress to cirrhosis or favor the devel-
opment of hepatocellular carcinoma. In patients with HCV
infection, the presence of steatosis accelerates the progression
of liver fibrosis [7]. Marked steatosis is also a risk factor for
major complications following hepatectomy [8, 9] and may
contraindicate the use of the liver for cadaveric allografts [10].

Visual US assessment of hepatic parenchyma is accurate
for the diagnosis of high-grade steatosis [11]. Indeed, a “bright
liver” is a common finding for patients who undergo US ex-
amination to explore liver test abnormality. A significant part
of these patients ends up being diagnosed with NAFLD, un-
derlying the clinically value of B-mode US. Nevertheless, the
diagnostic performance and the interobserver agreement of
this method can decrease when diagnostic threshold is based
on low degrees of steatosis (5%) [12].

In the past few years, a transient elastography-derived tech-
nique, the controlled attenuation parameter (CAP), has been
developed [13]. This approach assesses steatosis by quantify-
ing the total ultrasonic attenuation (go-and-return path) pro-
duced by the transient elastography device in the liver
(expressed in dB/m) [13]. Nevertheless, a high number (up
to 7.7%) of non-valid measurements are a major clinical lim-
itation to CAP [14]. Moreover, CAP measurements are not
image-guided. Like CAP, attenuation imaging (ATI) is based

on the assumption that ultrasound attenuation can be used as
proxy for the assessment of hepatic steatosis. ATI allows the
calculation of the attenuation coefficient (AC—expressed in
dB/cm/MHz), which expresses the variation of US intensity in
the depth. We hypothesized that AC quantification may be
valuable for the non-invasive diagnosis and quantification of
hepatic steatosis. Yet, ATI differs from CAP because it is
coupled with high-end real-time B-mode US that enables si-
multaneous visualization and clinical exploration of the hepat-
ic parenchyma. AC measurements can be easily obtained by
placing a ROI in a color box map. While the AC has been
found to be promising for the quantification of steatosis [15,
16], its diagnostic value is largely unknown. The aim of this
study is to prospectively assess the diagnostic performance of
AC for the detection and quantification of hepatic steatosis
using liver biopsy as the reference method

Material and methods

Patient selection

This study and the protocol reviewwere approved by the local
IRB, and patients provided informed consent. From April
2017 to February 2018, all patients scheduled for a liver bi-
opsy in the Department of Radiology of Beaujon Hospital,
Clichy, France, also underwent an ultrasound examination
with measurement of the AC on the same day. AC quantifica-
tion was performed immediately before the biopsy. When liv-
er biopsy was indicated for tumor characterization, patients
were only enrolled in the study if a biopsy of the adjacent liver
was required so that the presence of steatosis and fibrosis
could be evaluated. The flowchart is described in Fig. 1.
Demographics, clinical, biological, and pathological data
were extracted from the medical charts.

Attenuation imaging

For this study, US examinations were performed by using a
clinical US scanner (Aplio i-800, Canon Medical System)
with a i8CX1 1–8-MHz curved US transducer used for con-
ventional B-mode examination. ATI technology is based on
the attenuation of longitudinal sound waves while travelling
through tissue. In this study, a setting for the ultrasound fre-
quency in the range of 3.0 MHz has been selected. The ATI
algorithm uses information of beam attenuation from the in-
side of the entire “ATI box” which is displayed over the nor-
mal B-mode image and color coded. ATI produces an average
attenuation value including a quality measure that measures
the correlation of the attenuation with the depth (goodness of
fit—R2). Therefore, it is important to minimize areas of inho-
mogeneity (such as vessels or focal lesions) in the “ATI box”
as well as to avoid zones that contain strong reverberation
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signals. Regions with significant calculation errors (such as
blood vessels) are automatically excluded from the map.
When a ROI is placed in the ATI box, the software automat-
ically measure the AC expressed in dB/cm/MHz (extracting
the focus-dependent beam profile and internal gain control
from the observed intensity on the ultrasound image to re-
move influence of the system on signal intensity). One oper-
ator performed the AC measurements for each patient
(M.D.B. with 8 years of experience in the field of liver imag-
ing) following recommendation for good practice provided by
the manufacturer. ACs were computed during neutral apnea,
by right intercostal approach. The operator was asked to man-
ually place the ROI in the color-coded ATI box below the liver
capsule tomaximize the coefficient of determination (R2) (Fig.
2). Care was taken during measurement to avoid any capsular
artifacts (displayed in red in the superior part of the box—Fig.

2a) and the presence of large vessels. Two measurements with
R2 > 0.90 were obtained from each patient and averaged to
obtain the AC values used for statistical analysis. The cutoff
value of 0.90 was also provided by the manufacturer. If two
measurements could not be obtained with R2 > 0.90, this was
considered a technical failure (Fig. 2). Raw data were stored in
a secure external hard drive.

Pathological evaluation

Pathological analysis was performed by a pathologist expert
in the field of liver diseases. The grade of steatosis (S) was
assessed for each patient according to Brunt et al from S0 to
S3 by quantification of lipid droplets in the hepatocytes as
follows: absent (S0) < 5%, mild (S1) 5 to 33%, moderate
(S2) 33 to 66%, and severe (S3) > 66% [17]. Liver fibrosis
(F) was classified as absent (F0), mild (F1, perisinusoidal or
periportal), moderate (F2, periportal and perisinusoidal), F3
(bridging fibrosis), and F4 (cirrhosis) according to
METAVIR [18].

Statistical analysis

The primary endpoint of the study was the diagnostic per-
formance of AC for the diagnosis and quantification of
hepatic steatosis. In the absence of previously published
study using the same ATI technology and the same refer-
ence method (i.e., liver biopsy), sample size calculation was
not possible. Data were expressed as means ± standard de-
viations and ranges or n (%) as appropriate. The Pearson
correlation coefficient between ACs and the percentage of

Fig. 1 Patient flow chart

Fig. 2 Ultrasound attenuation imaging coefficient measurement in a 59-
year-old female patient. A linear area of high attenuation due to a capsular
artifact is visible in the superior part of the image (a, arrow). Three
measurements were performed in this patient. The highest R2 were
obtained in the first (a) and third (c) measurements. Part (b) shows the

second measurement with R2 < 90 (automatically highlighted in yellow)
that was not retained for AC calculation. The mean attenuation coefficient
obtained from averaging the first and third acquisitions was 0.78 dB/cm/
MHz, indicating the presence of mild to moderate steatosis. Biopsy
showed 20% steatosis (S1)
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steatosis on pathology was calculated. Correlations were
graded as follows: r = 0–0.2, very low; r = 0.4–0.6, reason-
able; r = 0.6–0.8, high; and r = 0.8–1.0, very high. The
Student t test or the Mann–Whitney U test was used to
compare continuous variables, as appropriate (the
d’Agostino–Pearson test was used to asses normality).
Receiver operating curve (ROC) analysis was performed
to evaluate the diagnostic performance of the AC for de-
tecting the presence of any grade of steatosis (S0 vs. S1–S3)
or the presence of moderate to severe steatosis (S0–S1 vs.
S2–S3). Optimal AC cutoff values were identified by max-
imizing the Youden index, and corresponding sensitivities
and specificities were derived. The DeLong test was used to
compare the AUCs. One-way ANOVAwas used to compare
ACs according to the grades of steatosis, and a post hoc
pair-wise comparison was performed using the Student–
Newman–Keuls test. All tests were considered to be statis-
tically significant in case of p < 0.05, except for pair-wise
comparisons where p < 0.0125 was used. All tests were
performed using dedicated software (MedCalc version
11.5.1.0).

Results

Patient characteristics

Patient characteristics are summarized in Table 1. The final
population included 101 patients (63 men [62%] and 38

women [38%]), mean age 59 years old (25–89). Liver biopsy
was performed to characterize focal liver lesions in patients
with (n = 31) or without (n = 33) chronic hepatitis, to explore
patients with a suspected diagnosis of NAFLD (n = 21), or to
explore liver test anomalies (n = 16).

Pathological analysis

According to pathological analysis, 43 (42%), 35 (35%), 12
(12%), and 11 (11%) patients were classified as S0, S1, S2,
and S3, respectively. Thirty-six (35%), 12 (12%), 8 (8%),
18 (18%), and 27 (27%) were classified as F0, F1, F2, F3,
and F4, respectively.

Attenuation coefficient and hepatic steatosis

AC measurement technical failures (i.e., R2 < 90) occurred in
2/106 patients (1.9%) as shown in Fig. 1. The mean AC of the
entire cohort was 0.71 dB/cm/MHz. There was a significant
and positive correlation between the AC and steatosis on pa-
thology (%) (r = 0.58, 95% confidence interval [CI] 0.44–
0.70; p < 0.01)—supplemental Figure 1.

The mean AC was 0.63 ± 0.09, 0.71 ± 0.11, 0.87 ± 0.09,
and 0.84 ± 0.13 dB/cm/MHz in patients with S0, S1, S2, and
S3, respectively. The AC was significantly different for the
different grades of steatosis (ANOVA p = <0.01, all pair-
wise comparisons p < 0.01, except for S2 vs. S3, p > 0.05).
Distribution of AC according to the different steatosis grades
is detailed in supplemental Figure 2.

The AC in patients without steatosis on pathology (i.e., S0)
was significantly lower than in those with any grade of
steatosis (i.e., S1–S3) (0.63 ± 0.09 vs. 0.77 ± 0.13 dB/cm/
MHz, p < 0.01—Fig. 3a). The AC in patients with
moderate/severe steatosis (i.e., S2–S3) was significantly
higher than in those without or with mild steatosis on pathol-
ogy (i.e., S0–S1) (0.85 ± 0.11 vs. 0.67 ± 0.11 dB/cm/MHz,
p < 0.01—Fig. 3b).

Performance of AC for the diagnosis of hepatic
steatosis

The areas under the ROC curve (AUROC) of the ACs for the
diagnosis of any grade of steatosis and moderate to severe
steatosis were 0.805 (95%CI 0.71–0.88, p < 0.01) and 0.892
(95%CI 0.81–0.94, p < 0.01), respectively (Fig. 4).

The sensitivity and specificity of an AC > 0.69 dB/cm/
MHz (Fig. 4a) for the diagnosis of any grade of steatosis
(S1–S3) were 76% (95%CI 63–85) and 86% (95%CI 72–
95), respectively. The sensitivity and specificity of an AC
> 0.72 dB/cm/MHz (Fig. 4b) for the diagnosis of moderate
or severe steatosis (S2–S3) were 96% (95%CI 78–100) and
74% (95%CI 63–84), respectively. Using the AC cutoff of
0.69 dB/cm/MHz, 81/101 (80%) of patients were correctly

Table 1 Patient characteristics (N = 101)

Mean age (years) (range) 59 (25–89)

Gender (male/female) 63/38 (62%/38%)
NAFLD 40 (40%)
NASH 24 (24%)
Cirrhosis 27 (27%)

Liver fibrosis on pathology
F0 36 (35%)
F1 12 (12%)
F2 8 (8%)
F3 18 (18%)
F4 27 (27%)

Liver steatosis on pathology
S0 43 (42%)
S1 35 (35%)
S2 12 (12%)
S3 11 (11%)

Mean AC (dB/cm/MHz) ± SD (range) 0.71 ± 0.13 (0.44–1.04)
Mean BMI ±SD (range) 27.17 ± 5.37 (15.7–41.1)

AC, attenuation coefficient; BMI, body mass index; NAFLD, non-alco-
holic fatty liver disease; NASH, non-alcoholic steatohepatitis
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classified as S0 or S1–S3. Using the AC cutoff of 0.72 dB/cm/
MHz, 78/101 (77%) of patients were correctly classified as
S0–S1 or S2–S3.

The AC rule-in threshold (100% specificity and 19% sen-
sitivity) was > 0.90 dB/cm/MHz for the presence of any grade
of steatosis (S1–S3), while the rule-out threshold (100% sen-
sitivity and 0% specificity) was < 0.44 dB/cm/MHz.

Examples of ACmeasurements in two different patients are
reported in Fig. 5.

Influence of fibrosis and BMI on attenuation imaging
coefficient measurement

A total of 45/101 (44%) patients presented with advanced
fibrosis on pathology (F3–F4). The AC of patients with ad-
vanced fibrosis (F3–F4) was not significantly different from

that of patients with F0–F2 (0.72 ± 0.13 vs. 0.70 ± 0.13 dB/
cm/MHz, p = 0.38).

For each separate class of steatosis, the mean AC was not
found to be significantly different according to the presence of
advanced liver fibrosis (F3–F4) or not (F0–F2). Detailed re-
sults are provided in Table 2.

Overall, 27 patients were obese (i.e., BMI ≥ 30), and 74 were
not. Steatosis was more frequent in obese patients (24/27 [89%]
vs. 34/74 [46%] in non-obese ones, p < 0.01). When present,
steatosis was not more severe in obese patients (12/24 patients
with S2–S3 [50%] vs. 11/34 [32%] in non-obese ones, p = 0.18).

The AUROC of AC for the diagnosis of any grade of
steatosis was 0.79 ± 0.06 and 0.79 ± 0.10 in non-obese and
obese patients, respectively (DeLong test, p = 0.95). The
AUROC of AC for the diagnosis of moderate or severe
steatosis was 0.85 ± 0.08 and 0.95 ± 0.04 in non-obese and
obese patients, respectively (DeLong, p = 0.047).

Fig. 3 Box plot graph shows the distribution of attenuation coefficient
(AC) values in patients without (S0) vs. patients with any grade of
steatosis (S1–S3) (a) and in patients with no or mild steatosis (S0–S1)
vs. patients with moderate or severe steatosis (S2–S3) (b). Boxes

represent the 25th and 75th percentiles; whiskers represent the 5th and
95th. Dots are outliers. Mean AC was 0.63 ± 0.09 dB/cm/MHz for S0 vs.
0.77 ± 0.13 dB/cm/MHz for S1–S3 (p < 0.01) and 0.67 ± 0.11 dB/cm/
MHz for S0–S1 vs. 0.85 ± 0.11 dB/cm/MHz for S2–S3 (p < 0.01)

Fig. 4 Receiver operating curve
for the diagnostic performance of
the attenuation coefficient (AC) in
the diagnosis of the presence of
any grade of hepatic steatosis (S1
to S3) (a) and the presence of
moderate to severe steatosis (S2
to S3) (b). The areas under the
ROC curve were 0.805 (95%CI
0.71–0.88, p < 0.01) and 0.892
(95%CI 0.81–0.94, p < 0.01) for
the diagnosis of any grade of
steatosis (S1–S3) and of moderate
to severe steatosis (S2–S3),
respectively
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Discussion

This study shows that ultrasound attenuation imaging is a
promising tool for the diagnosis of steatosis, with a high sen-
sitivity and specificity. The EASL guidelines recommend ul-
trasound as the first-line imaging technique to detect steatosis
[1]. The qualitative evaluation of hepatic steatosis by US is
usually obtained by comparing the echogenicity of the liver
and kidney or evaluating several US features including

attenuation of the ultrasound beam, vessel blurring, reduced
visualization of the gallbladder wall and the diaphragm, and
the presence of fatty sparing areas [19, 20]. However, the
sensitivity of US for detecting mild steatosis [21, 22] is limited
with a sensitivity and specificity of 73% and 84%, respective-
ly, in a meta-analysis [12]. Moreover, and probably more im-
portantly, the intra- and interobserver agreement of qualitative
approaches is low [23]. Results are usually categorized on a 4-
point scale (i.e., absent, mild, moderate, or severe steatosis).

Fig. 5 Attenuation coefficient
(AC) quantification measurement
in a 71-year-old male patient (a)
with non-alcoholic steatohepatitis
and in a 50-year-old HIV-positive
male patient (b) presenting with a
focal liver lesion. For patient 1,
AC was 0.90 dB/cm/MHz with
high R2 (0.96) indicating the
presence of severe steatosis that
was confirmed on pathology
(grade 3–70%). For patient 2, AC
was 0.48 dB/cm/MHz with high
R2 (0.92) indicating the absence
of steatosis, which was confirmed
by pathology (grade 0–0%)

Table 2 Influence of advanced
(F3–F4) fibrosis on attenuation
coefficient (dB/cm/MHz) values
for each class of steatosis taken
separately

Steatosis Non-advanced fibrosis (F0–F2) Advanced fibrosis (F3-F4) p*

S = 0 N = 28 0.63 ± 0.09 N = 15 0.64 ± 0.08 0.95

S = 1 N = 16 0.71 ± 0.11 N = 19 0.71 ± 0.12 0.93

S = 2 N = 8 0.88 ± 0.11 N = 4 0.86 ± 0.07 0.98

S = 3 N = 4 0.81 ± 0.05 N = 7 0.86 ± 0.16 0.76

S = 1–3 N = 28 0.77 ± 0.13 N = 30 0.77 ± 0.14 0.96

*Mann–Whitney U test
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Thus, changes in the amount of steatosis over time cannot be
confidently monitored by visual assessment of steatosis on
US. This calls for accurate quantitative approaches that can
be implemented into US scanners to be routinely used.

One quantitative approach is based on the use of
elastography techniques that quantify liver stiffness via the
speed of shear waves propagating in the liver. Transient
elastography is routinely performed and is now part of clinical
algorithms for the managements of patient with various liver
diseases [24]. Yet, liver stiffness quantification is used for the
assessment of liver fibrosis and portal hypertension, but not
for the quantification of steatosis because it has been reported
that stiffness values are not correlated with liver steatosis [25].
Nevertheless, this technique is coupled with the quantification
of the US attenuation (the so-called CAP) that has been shown
to accurately quantify steatosis [13, 26]. How performant
CAP may be, it is limited by a rate of technical failure of up
to 7.7% [14]. Moreover, it is not an imaging technique. ATI is
based on the same assumption that ultrasound attenuation can
be used as a proxy for the assessment of hepatic steatosis.
Differently from CAP, ATI is coupled to a real-time B-mode
visualization. On top of allowing conventional clinical explo-
ration of the liver with high-quality images, it allows probe
repositioning to obtain a good-quality images before attenua-
tion measurements are performed. Indeed, real-time B-mode
US helps the operator know exactly where the measurements
are performed. This approach helps avoid the major artifacts
in images (such as those induced by rib reverberation), large
hepatic vessels, or focal liver lesions and finally to detect the
presence of heterogeneous depositions of steatosis. This is
confirmed by our results, since the rate of technical failures
was very low (2% of patients in our study). Moreover, the
performance of the AC for the diagnosis of any grade of
steatosis (S1–S3) was good, similar to the results from recent-
ly published studies [15, 16]. The results of AC are also com-
parable to those of the CAP, which was found to have a pooled
sensitivity of 78% and specificity of 79% for the diagnosis of
steatosis in a recent meta-analysis [27]. In our study, sensitiv-
ity was found to be almost the same (76%) with greater spec-
ificity (86%). Finally, results were not altered by the presence
of obesity.

Tada et al [15] investigated the diagnostic performance of
AC for the diagnosis of steatosis using MRI-PDFF as the
reference standard. They found that a cutoff value of 0.60
dB/cm/MHz had a sensitivity of 85.5% and specificity of
88.5% for the diagnosis of any grade of steatosis while a cutoff
of 0.69 dB/cm/MHz had a sensitivity of 82.7% and a speci-
ficity of 81.1% for the diagnosis of moderate or severe
steatosis. Our results show slightly higher cutoff values
(0.69 and 0.72 dB/cm/MHz, respectively). These discrepan-
cies may be due to the difference in reference technique in the
two studies. Indeed, we used liver biopsy while Tada et al used
MR-PDFF. Although PDFF is extremely accurate in

diagnosing steatosis, there is no strict consensus on which
PDFF cutoffs should be used to grade steatosis. Second, the
manufacturer of the AC measurement was not the same in the
two studies [15]. Finally, our patient population differed be-
cause we also included patients with chronic liver disease,
which is a better reflection of clinical practice because many
patients have both fibrosis and steatosis. Although our group
was more heterogeneous due to the inclusion of patients with
chronic liver disease, this allowed us to investigate the influ-
ence of fibrosis and cirrhosis on the measured AC value,
which was one of the limitations of the study by Tada et al
[15].

A recent publication from Bae et al [16] explored the po-
tential role of ATI using liver biopsy as a reference standard.
Reported results were close to ours, with similar diagnostic
performance (AUC of AC of 0.80 vs. 0.84 for any grade of
steatosis, and of 0.89 vs. 0.89 for S2–S3 steatosis) and similar
optimal AC cutoff values (0.69 vs. 0.635 dB/cm/MHz for any
grade of steatosis and 0.72 vs. 0.70 dB/cm/MHz for S2–S3
steatosis). This confirms the potential clinical role of the AC
measurement with ATI for the diagnosis of hepatic steatosis.
Noticeably, we used a more stringent R2 threshold to define
technical failure (0.90 vs. 0.80 in the study fromBae et al [16])
explaining the slightly higher rate of technical failure in our
study (2% vs. 0%). Finally, due to a higher rate of patients
with significant fibrosis in our cohort, we could accurately
show that significant fibrosis has no influence on AC value.
In this setting, we believe that AC measurement could be
added to US elastography to classify both steatosis and fibro-
sis, allowing this technique to be a comprehensive non-
invasive tool for liver diseases.

This study has several limitations. First, the included pop-
ulation was heterogeneous, including patients with chronic
liver disease from different etiologies and some with cirrhosis.
It has been shown that CAP cutoff values are influenced by
the etiologies of liver disease [26]. This must be assessed with
ATI. For this reason, more studies including homogeneous
cohorts are necessary. We did not compare AC measurements
with other quantitative or semi-quantitative US methods such
us semi-quantitative visual comparison of hepatic and renal
echogenicity or hepatorenal index. Nevertheless, the aim of
this study was to assess the ability of this new technique to
detect steatosis. We observed an overlap between AC values,
especially in patients with S2 or S3 steatosis. This may due to
the limited number of patients with high degrees (S2–S3) of
steatosis. Nevertheless, from a clinical point of view, this
seems to be of limited consequence as ultrasound visual ap-
proach alone is performant to diagnose such high grades of
steatosis. Moreover, patients with S2 do not differ from those
with S3 in terms of management and possible treatment. The
added value of ATI is to enable detecting small amounts of
fatty deposition in the liver. Finally, our reference method for
steatosis was liver biopsy, which can suffer from sample bias
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[28]. To the best of our knowledge, ATI is not available on
other US scanners. This may limit its use but we are confident
that, as for elastography, similar technology will be progres-
sively implemented by other vendors.

In conclusion, this study shows that measurement of ultra-
sound AC is a promising quantitative method for the detection
and quantification of hepatic steatosis.
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