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Quantitative Ultrasound Assessment of
Hepatic Steatosis
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Background/Aims: Non-alcoholic fatty liver disease (NAFLD) is widespread chronic disease of the live in humans
with the prevalence of 30% of the United States population.1,2 The goal of the study is to validate the performance
of quantitative ultrasound algorithms in the assessment of hepatic steatosis in patients with suspected NAFLD.
Methods:This prospective study enrolled a total of 31 patients with clinical suspicion of NAFLD to receive liver fat
measurements by quantitative ultrasound and referenceMRImeasurements (proton density fat-fraction, PDFF).
The following ultrasound (US) parameters based on both raw ultrasound RF (Radio Frequency) data and 2D B-
mode images of the liver were analyzed with subsequent correlation withMRI-PDFF: hepatorenal index, acoustic
attenuation coefficient, Nakagami coefficient parameter, shear wave viscosity, shear wave dispersion and shear
wave elasticity. Ultrasound parameters were also correlated with the presence of hypertension and diabetes. Re-
sults:Themean (± SD) age and bodymass index of the patients were 49.03 (± 12.49) and 30.12 (± 6.15), respectively.
Of the aforementioned ultrasound parameters, the hepatorenal index and acoustic attenuation coefficient
showed a strong correlation with MRI-PDFF derivations of hepatic steatosis, with r-values of 0.829 and 0.765,
respectively. None of the remaining US parameters showed strong correlations with PDFF. Significant differ-
ences in Nakagami parameters and acoustic attenuation coefficients were found in those patients with and
without hypertension. Conclusions: Hepatorenal index and acoustic attenuation coefficient correlate well with
MRI-PDFF-derived measurements of hepatic steatosis. Quantitative ultrasound is a promising tool for the diag-
nosis and assessment of patients with NAFLD. ( J CLIN EXP HEPATOL 2022;12:1091–1101)
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Non-alcoholic fatty liver disease (NAFLD) is wide-
spread chronic disease of the live in humans,
and its prevalence continues to rise.1 The preva-

lence of NAFLD approaches 30% of the United States pop-
ulation and is closely linked tometabolic disorders, such as
metabolic syndrome, insulin resistance (IR), type 2 diabetes
mellitus (T2DM), obesity, hyperinsulinemia, and cardiovas-
cular disease.2 While it has long been known that NAFLD
may progress to end-stage liver disease, more recently, the
degree of risk has been more clearly defined.3 Furthermore,
NAFLD complications represent a tremendous economic
burden with an estimated annual cost of $103 billion in
s: non-alcoholic fatty liver disease, ultrasound, liver fat quantifica-
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the United States, resulting in an average cost of $1613
per patient, with over 64 million people affected.4

Liver biopsy has traditionally represented the gold
standard in NAFLD detection, quantification, and char-
acterization. However, the inherent limitations of liver bi-
opsy include its invasive nature and sampling bias since
percutaneous biopsies sample as little as 1/50,000 of the
total mass of the liver, resulting in undersampling and
potentially inaccurate diagnosis.5 Furthermore, the evalu-
ation of liver biopsy is subjective, and therefore, depen-
dent on the experience of the interpreting pathologist,
with well-known rates of intra- and inter-observer vari-
ability.6

Given the limitations of liver biopsy, non-invasive imag-
ing techniques have been developed to assess diffuse liver
diseases. Among these, magnetic resonance imaging
(MRI) with proton density fat fraction (PDFF) has been re-
ported to have a high degree of accuracy in quantifying
liver steatosis.7 However, MRI is fundamentally expensive
and not universally accessible. Another reported US-
based method to detect liver steatosis is the Fibroscan-
derived controlled attenuation parameter (CAP), which
has demonstrated diagnostic utility in fibrosis and may
be used for the diagnosis of hepatic steatosis.8

Finally, ultrasound (US) imaging is also readily available
and relatively inexpensive, when compared to MRI. Recent
vier B.V. All rights reserved.
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reports support the potential for US in quantifying hepatic
steatosis.9,10

The purpose of this study is to explore further the clin-
ical performance of ultrasound in quantifying hepatic stea-
tosis in comparison to the reference standard of MRI-
PDFF in patients with suspected NAFLD.

MATERIAL AND METHODS

Study Design
This is a prospective, single-site study of liver fat quantifi-
cation using quantitative 2D ultrasound. Between
September 2018 andMay 2019, 31 adult patients undergo-
ing clinically-indicated pelvic or abdominal ultrasounds
were consecutively enrolled. The Institutional Review
Board approved this HIPAA compliant study. All partici-
pants gave written informed consent for their participation
in accordance with the Declaration of Helsinki.

Inclusion/Exclusion Criteria
We included adult patients $ 18-years-old with clinically-
suspected NAFLD who were willing and able to provide
informed consent to participate in all parts of the study.
NAFLD suspicion was based on a subjective assessment
of an abnormally echogenic liver at the time of the pa-
tient's clinically-indicated ultrasound, laboratory abnor-
malities such as levels of aspartate aminotransferase,
alanine aminotransferase, high- and low-density lipopro-
teins, or hemoglobin A1C (glycated hemoglobin) suggest-
ing hepatic steatosis, or correlated risk factors including
obesity, diabetes mellitus type 2, and hypertension. Exclu-
sion criteria included the following: a history of moderate
or heavy alcohol consumption (i.e., > 20 g or > 2 glasses of
alcohol per day for women, and > 30 g or > 3 glasses of
alcohol per day for men); any ultrasound or prior imaging
evidence of advanced liver fibrosis or cirrhosis and solid
liver lesions or liver cancer; known chronic liver diseases
such as viral/cholestatic or autoimmune; diseases
requiring the use of drugs associated with steatosis, such
as amiodarone or methotrexate; exposure to known hepa-
totoxins such as a-amanitin, aflatoxins, carbon tetrachlo-
ride, etc.; contraindication(s) to MRI; pregnant or
attempting to become pregnant. Also, notably, none of
the patients in this cohort had any evidence of renal dis-
ease, hemochromatosis, or ascites.

Ultrasound Imaging and Data Processing
Ultrasound data collection was performed using a Philips
EPIQ 7G ultrasound system equipped with shear wave
elastography and a C5-1 curvilinear transducer (Philips
Healthcare, Andover, MA). Besides Digital Imaging and
1092 © 2022 Indian National Associa
Communications in Medicine (DICOM) images, raw radio
frequency (RF) or in-phase quadrature (IQ) data were also
captured for offline calculation of five ultrasound-derived
parameters: hepatorenal index (HRI), acoustic attenuation
coefficient, Nakagami coefficient, shear wave viscosity, and
shear wave dispersion, detailed further below.

Hepatorenal index (HRI) is a metric that calculates the
ultrasound intensity contrast between the liver and the
right kidney. During this analysis, a pair of regions of inter-
est (ROIs) were placed at the same image depth, one within
the liver parenchyma and the other in the right kidney cor-
tex. HRI is the ratio between the averaged echo-intensity in
liver ROI and kidney ROI. Excessive fat infiltration in the
liver increases the acoustic backscattering coefficient lead-
ing to higher greyscale values in the near field andmid-field
in ultrasound B-mode imaging. In this study, HRI was
calculated using two types of co-registered data: DICOM
and RF.11–13

Acoustic attenuation coefficient is ameasure of the ultra-
sound signal intensity decrease-rate as a function of propa-
gation distance and frequency. As fat is more attenuating
than healthy liver tissue, the acoustic attenuation coefficient
is expected to increase with an increase in liver fat.14,15

The Nakagami coefficient parameter describes speckle
statistics governed by backscattered distribution character-
istics. Liver parenchyma may be modeled as a collection of
scatterers withmicrostructures in dimensions smaller than
the acoustic wavelength. The ultrasound envelope signal
for healthy liver tissues typically follows a pre-Rayleigh or
Rayleigh distribution. With increasing hepatic fat, varia-
tions in backscatter concentrations and arrangements are
expected to lead to Rayleigh or post-Rayleigh probability
density functions (PDF). The Nakagami coefficient param-
eter is employed as a metric to differentiate pre- Rayleigh,
Rayleigh, and post-Rayleigh distributions. As the liver pro-
gresses from healthy to steatotic, a higher Nakagami coef-
ficient is expected, indicating backscattered statistics
transitioning from pre-Rayleigh to Rayleigh and post-
Rayleigh distributions. Nakagami coefficients were calcu-
lated to investigate frequency dependence of the backscat-
tered statistics in livers with different stages of steatosis, by
using both Nakagami fundamental and harmonic signals.
In the case of Nakagami harmonic images, the area of the
sliding windows is reduced by a factor of 4, while the
sliding step is reduced by a factor of 2 compared to the Na-
kagami fundamental images.16–19

As soft tissue is a mixture of solid and liquid compo-
nents, and elasticity may be employed to characterize the
resistance to deformation due to an external force applied
to the solid portion of tissue, viscosity characterizes the
resistance to deformation due to an external force applied
to the liquid portion of biological tissue. Some early
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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preclinical studies supported the hypothesis that increased
liver fat content will lead to higher viscosity and stronger
degrees of dispersion.20,21 In this study, the commercial
shear wave elastography feature (ElastQ, Philips Health-
care, Andover, MA) was employed to generates broadband
shear waves in the liver, allowing for shear wave phase ve-
locity at different frequencies to be estimated, which subse-
quently leads to shear viscosity reconstruction by Voigt
model fitting.

Finally, dispersion serves as a surrogate of shear wave
viscosity and is estimated in a model-free approach as the
slope of the shear wave speed as a function of shear wave
frequency. It is worth noting that shear wave dispersion
is a frequency-dependent measure. Herein, we considered
dispersion in the frequency range of 100–200 Hz for liver
shear wave elastography.22,23

Ultrasound images and spatially co-registered raw data
were collected in three different acoustic settings and acous-
tic windows. HRI calculation was performed on raw RF data
that form the final B-mode images as well as B-mode images
captured in DICOM format. Typical images for HRI mea-
surement contain the sagittal view of the liver and the right
kidney (Figure 1). Attenuation coefficients and Nakagami
coefficients were calculated from the same B-mode RF data
acquired through an intercostal scan of the right liver lobe
(Figures 2 and 3). Shear wave viscosity and dispersion were
estimated from the raw IQ data, which produced an on-
line elasticity measurement under shear wave elastography
imaging-mode (ElastQ, Philips Healthcare, Andover, MA).
Similar to attenuation imaging and Nakagami imaging,
shear wave elastography measurements were also taken in
the right lobe of the liver using an intercostal approach.

For each acoustic parameter, a region of interest (ROI)
for final quantification was placed in a uniform area of liver
parenchyma free of large vessels, masses, and acoustic arti-
facts. For each subject, all the parameters were calculated
and averaged from at least three independent acquisitions.
Figure 1 Hepatorenal index DICOM and RF. A. Severe liver steatosis, HRI is
renal cortical tissues is visibly significant. B. Healthy liver, HRI is 0.95 (PDFF = 1
cortical tissues.

Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
A team of medical ultrasound scientists, blind to patient
medical conditions and the results of MRI-PDFF, per-
formed all offline ultrasound data processing and analysis.

Magnetic Resonance Imaging
MRI was performed on a single 3 T MR scanner (Philips In-
genia 3 T, Philips Healthcare, Andover, MA). MRI-PDFF
sequences were acquired according to a standard protocol
using a three-dimensional volumetric sequence employed
to derive T2* and parametric maps of triglyceride fat frac-
tion from a breath-hold acquisition. The parameters of
the sequence for the single three-dimensional image with
22–28 axial images were as follows: TR, 5.6 msec; field of
view, 35–40 cm; matrix, 160 � 140; bandwidth, 2367.4 Hz;
flip angle, 3�; section thickness, 6 mm. We acquired data
sets with six different echo times that ranged from 0.97 to
9.8 msec using a single breath-hold. The images were pro-
cessed (Philips Intellispace, Philips Healthcare, Andover,
MA) to create water, fat, R2*, and fat fraction maps. Data
analysis was performed by a fellowship-trained abdominal
radiologist blinded to clinical history and ultrasound re-
sults. Circular regions (n = 9) of interest (ROI) of approxi-
mately 1 cm in radius were placed in both right and left
lobes of the liver, avoiding vascular structures; the mean
fat fraction value over nine measurements was recorded
for each subject (Figure 4). The median time interval be-
tween US and MRI was 43 days.
Statistical Analyses
All statistical analyses were performed using statistical
software SAS 9.4 (SAS Institute, Cary, NC). Demographic,
biochemical, and imaging parameters (US and MRI) of pa-
tients were summarized as mean and standard deviation
for continuous variables and numbers and percentages
for categorical variables. Primary analysis included the cor-
relation between quantitative US parameters detailed
4.32 (PDFF = 25.4%). The difference in echogenicity between liver and
.3%). There is poor differentiation of echogenicity between liver and renal
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Figure 2 Images of acoustic Attenuation coefficient. A. Severe liver steatosis, AttenQ = 0.80 dB/MHz/cm (PDFF = 25.4%). B. Healthy liver,
AttenQ = 0.46 dB/MHz/cm (PDFF = 1.3%).
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above with MRI-PDFF results. Furthermore, correlation
analyses between BMI and laboratory results (ALT, AST,
LDL, HbA1C) and imaging parameters were performed.
Finally, we compared imaging parameters in patients
with and without documented associated diseases and
risk factors, namely, hypertension and diabetes, given asso-
ciation between these two pathologies and liver disease.24

A two-tailed P-value # 0.05 was considered statistically
significant.
RESULTS

Baseline Characteristics
Thirty-one patients undergoing quantitative liver US,
followed by MRI, were consecutively enrolled in this
prospective study. The mean (�SD) age and body mass in-
dex were 49.03 (� 12.49) and 30.12 (� 6.15), respectively.
The baseline cohort characteristics are summarized in
Tables 1 and 2.
1094 © 2022 Indian National Associa
Comparing Imaging Measurements
Based on analyses of the data of 31 patients, the hepatore-
nal index (using raw RF data) showed a strong correlation
with MRI-PDFF derivations of hepatic steatosis, with
r = 0.828 (Figure 5). However, the use of DICOM image-
derived HRI showed a weaker correlation with MRI-
PDFF, r = 0.626 (95% CI). Additionally, a strong correla-
tion between the attenuation coefficient and MRI-PDFF
derivations of hepatic steatosis was identified, r = 0.743
(Figure 6).

Comparing Ultrasound and Metabolic
Parameters
Hepatorenal index (DICOM) showed moderate correlation
with ALT (r = 0.647) and LDL (r = 0.537). Attenuation co-
efficient showed moderate correlation with ALT (r = 0.518)
as well. Also, we found fair correlation between Nakagami/
Nakagami harmonic parameters and BMI (r = 0.509 and
r = 0.476). No additional correlations between imaging
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 3 Images of Nakagami parameters. A. Severe liver steatosis, Nakagami m = 0.95 (PDFF = 25.4%). B. Healthy liver, Nakagami m = 0.78
(PDFF = 1.3%).
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Figure 4 MRI-PDFF images. A. Severe liver steatosis (PDFF = 25.4%), B. Normal liver (PDFF = 1.3%).
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parameters and laboratory values of BMI were identified,
r < 0.3. All data is summarized in Table 3.

Comparing Ultrasound Parameters and Disease
In this study, we compared the quantitative imaging data
of two groups of patients. The first was patients with
and without diabetes mellitus (DM). T-test analysis
showed no statistically significant difference between these
groups and any quantitative US parameters (Table 4).
Table 1 Demographical, Medical History, Imaging, and
Biochemical Characteristics of Study Patients.

Characteristic* Patients (n = 31)

Demographic

Age at US/MRI exam, mean (SD) 49.03 (� 12.49)

Male, n (%) 10 (32.3)

Female, n (%) 21 (67.7)

Medical history

Clinically expected NAFLD/NASH, n (%) 11 (35.4)

Diabetes 8 (25.8)

Hypertension 9 (29.0)

Imaging

MRI-PDFF (%), median (IQR) 5.4222 (7.2944)

Biochemical profile

AST (U/l), median (IQR) 26.5 (20.75)

ALT (U/l), median (IQR) 27.5 (36.0)

AST/ALT ratio, median (IQR) 1.095 (0.505)

Bilirubin (mg/dL), median (IQR) 0.45 (0.275)

Hgb A1C (%), median (IQR) 6.05 (2.075)

LDL (mg/dL), median (IQR) 82 (62.5)

Abbreviations employed in table: AST, Aspartate aminotransferase; ALT,
Alanineaminotransferase;BMI, Bodymass index; IQR, Interquartile range;
HDL, High-density lipoprotein; Hgb A1C, Hemoglobin A1C (glycated hemo-
globin); LDL, Low-density lipoprotein; NAFLD, Non-alcoholic fatty liver dis-
ease; NASH, Non-alcoholic steatohepatitis; SD, Standard deviation

1096 © 2022 Indian National Associa
The second group compared patients with and without
arterial hypertension. While no significant differences in
hepatorenal indices (DICOM and RF) were found, there
were significant differences between Nakagami, Nakagami
harmonic parameter's, and acoustic attenuation coeffi-
cient of patients with and without hypertension (P-
values = 0.004, 0.007, 0.020, respectively).
DISCUSSION

In our study, the quantitative ultrasound parameters of
hepatorenal index and acoustic attenuation coefficient
show a strong correlation with MRI-PDFF-derived mea-
sures of hepatic steatosis. However, Nakagami and Naka-
gami harmonic parameters, shear wave elastography-
derived viscosity, and dispersion were poorly correlated
with MRI-PDFF-derived measures of hepatic steatosis.
Interestingly, Nakagami, Nakagami harmonic parameters,
and acoustic attenuation were found to be significantly
different in patients with and without hypertension, while
moderate correlations were identified between quantitative
US parameters and several metabolic parameters.

Different correlations with MRI-PDFF were observed in
HRI measurements calculated using the two different types
of co-registered data. Compared to HRI-RF measurement,
HRI-DICOM measurement had a weaker correlation with
MRI-PDFF (r = 0.626 vs. r = 0.828). In this study, the oper-
ators were given the freedom to adjust system settings (gain,
TGC, focus, depth, AutoScan, etc.) to optimize B-mode im-
age quality for an individual subject and their preference
during HRI data acquisition. The underperformance of
HRI-DICOM is likely caused by non-linear compression of
the RF intensity signal before B-mode formation and sub-
optimal user settings (e.g., over-gain or under-gain globally
and locally). System processing and user settings can limit
the data dynamic range, resulting in compromised HRI per-
formance and potentially inaccurate diagnosis. In many
early publications of diagnostic accuracy studies on HRI
for liver steatosis assessment, authors only had access to
final B-mode images for HRI calculation.25–28 To
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 2 Distribution of Correlation (r) of US and MRI-PDFF
Imaging.

MRI-PDFF

Hepatorenal index (DICOM) 0.6269

Hepatorenal index (RF) 0.8289

Acoustic attenuation coefficient 0.7600

Nakagami coefficient 0.4778

Nakagami coefficient harmonic 0.4763

Shear wave dispersion (100–200 Hz) 0.3223

Viscosity 0.1837

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY
minimize the user setting introduced measurement
variability, operators were not allowed to change scanner
settings throughout the study. The comparison results
from this study suggest that RF-based HRI calculation rival
Figure 5 There is a strong correlation between he

Figure 6 There is a strong correlation between a

Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
B-mode based calculation as the user will have more flexi-
bility in optimizing image quality, while maintaining high
fidelity in HRI measurement.

NAFLD has emerged as the leading cause of chronic
liver disease in the United States.29 It is defined as a spec-
trum of diseases, from hepatic steatosis that can progress
to non-alcoholic steatohepatitis (NASH), fibrosis,
cirrhosis, and even hepatocellular carcinoma.30 NASH pre-
sents significant health, economic, and social problems to
those affected, their families, and society.31 While percuta-
neous liver biopsy is the gold standard in the detection and
diagnosis of NAFLD, a biopsy is invasive with significant
risks and several inherent limitations in accuracy.32

Therefore, other non-invasive imagingmethods, such as
ultrasound and MRI, are being investigated and developed
for estimating liver fat content and diagnosing NAFLD
and NASH.33 MRI has been established as an accurate
patorenal index (HRI) and MRI-PDFF (r > 0.7).

coustic attenuation and MRI-PDFF (r > 0.7).

2 | No. 4 | 1091–1101 1097
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Table 3 Correlation (r) Between Imaging Parameters and BMI/laboratory Results.

BMI LDL ALT AST HbA1c

MRI-PDFF �0.051 0.075 0.354 0.357 �0.025

HRI-RF �0.065 �0.153 �0.163 �0.176 �0.295

HRI-D �0.109 0.537 0.647 0.443 �0.216

Nakagami 0.509 0.128 0.365 0.150 0.325

Nakagami harmonic 0.476 0.080 0.316 0.096 0.267

Attenuation 0.047 0.022 0.518 0.438 0.237

Voigt viscosity 100 & 150 Hz 0.292 0.072 0.402 0.385 �0.063

Voigt viscosity 100 & 200 Hz 0.273 �0.026 0.492 0.300 �0.274

Voigt viscosity 100 to 200 Hz 0.295 0.028 0.452 0.313 �0.230

Dispersion-100–150 Hz 0.080 0.001 �0.101 �0.010 �0.300

Dispersion-150–200 �0.040 �0.068 0.159 �0.028 �0.383

Dispersion-100–200 Hz 0.051 0.032 0.021 �0.046 �0.295

Viscosity 0.377 0.532 0.191 0.086 0.194

Table 4 Comparison of Quantitative US Imaging Parameters and Diabetes Mellitus and Hypertension.

Diabetes (mean and SD) Non-diabetes (mean and SD) P-value

MRI-PDFF 7.531 (5.518) 11.135 (14.082) 0.5472

HRI-RF 1.706 (0.301) 2.136 (0.985) 0.3056

HRI-DICOM 1.201 (0.141) 1.492 (0.534) 0.2017

Nakagami 0.909 (0.052) 0.872 (0.056) 0.1616

Nakagami harmonic 0.997 (0.032) 0.969 (0.048) 0.1824

Attenuation 0.596 (0.127) 0.594 (0.150) 0.9740

Voigt viscosity 100 & 150 Hz 2.169 (0.294) 2.160 (0.332) 0.954

Voigt viscosity 100 & 200 Hz 2.500 (0.295) 2.592 (0.358) 0.599

Voigt viscosity 100–200 Hz 2.454 (0.307) 2.509 (0.347) 0.744

Dispersion-100–150 Hz 13.221 (2.612) 12.746 (2.228) 0.676

Dispersion-150–200 Hz 14.280 (1.623) 14.977 (2.621) 0.575

Dispersion-100–200 Hz 11.699 (1.364) 11.923 (1.851) 0.800

Viscosity 1.7 (0.543) 2.033 (0.641) 0.289

Hypertension (mean and SD) Non-hypertension (mean and SD) P-value

MRI-PDFF 16.737 (18.994) 8.246 (9.585) 0.1093

HRI-RF 2.245 (1.180) 1.979 (0.801) 0.4862

HRI-DICOM 1.428 (0.460) 1.436 (0.516) 0.9692

Nakagami 0.927 (0.043) 0.863 (0.052) 0.0046

Nakagami Harmonic 1.011 (0.029) 0.961 (0.045) 0.0074

Attenuation 0.694 (0.114) 0.560 (0.138) 0.0203

Voigt viscosity 100 & 150 Hz 2.131 (0.292) 2.169 (0.335) 0.7863

Voigt viscosity 100 & 200 Hz 2.473 (0.219) 2.586 (0.372) 0.4574

Voigt viscosity 100–200 Hz 2.421 (0.243) 2.508 (0.359) 0.5573

Dispersion-100–150 Hz 12.795 (2.783) 12.890 (2.167) 0.9253

Dispersion-150–200 Hz 14.082 (2.153) 14.874 (2.604) 0.4735

Dispersion-100–200 Hz 11.301 (1.740) 11.945 (1.760) 0.4056

Viscosity 1.9 (0.355) 1.977 (0.690) 0.7802

QUANTITATIVE ULTRASOUND ASSESSMENT KALIAEV ET AL
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method for the evaluation of hepatic steatosis.34 However,
MRI is significantly more expensive than US, limited in its
availability, and offers less flexibility in the physical loca-
tions where it may be applied, thereby limiting its role in
routine NAFLD diagnosis. US has been widely used for
initial screening of fatty liver and detecting NAFLD due
to its availability, non-invasive nature, and low cost.35 Pre-
vious studies on the use of conventional US for detecting
fatty liver show sensitivities and specificities between
60%–94% and 66%–95%, respectively, demonstrating that
its common application does not represent an adequate
diagnostic tool for diagnosing, let alone quantifying, he-
patic steatosis.36 The development of quantitative ultra-
sound (QUS) aimed at improving diagnostic accuracy
and the capacity to quantify liver fat is a promising,
emerging application of this modality.37

Quantitative US techniques can be classified as image-
based analysis and the raw-radiofrequency data acquisi-
tion from the scanner directly.38 To date, similar to the
results presented herein, attenuation coefficient has
been reported to correlate with the degree of hepatic stea-
tosis in preclinical models.39 Furthermore, HRI has been
reported to correlate with liver biopsy assessments of he-
patic steatosis,40 again echoing the results of this work.
Once integrated into a commercial product, this tech-
nique may be performed by either ultrasound technolo-
gist or radiologist in order to deliver real-time fat
quantification, relevant to the diagnosis and monitoring
of chronic liver disease.

In the current study, the primary goal of which was to
compare current QUS techniques with MRI-PDFF for the
assessment of hepatic steatosis has some limitations.
These include the fact that the cohort of participants
was relatively small; however, this pilot-scale validation
supports future inquiry utilizing larger datasets. More-
over, we did not compare QUS directly to liver biopsy
(gold standard) for NAFLD detection; instead, we em-
ployed MRI-PDFF, a quantitative technique that has
been demonstrated to be highly accurate in the diagnosis
of liver steatosis.41 Also, while this study was not designed
to compare quantitative US parameters in patients with
and without hypertension and diabetes, these early results
are intriguing and warrant further investigation. Finally,
the time interval between US and MRI (43 days on
average) may have introduced a potentially confounding
variable.

Hepatorenal index and acoustic attenuation coefficient
correlate well with MRI-PDFF-derived measurements of
hepatic steatosis. QUS represents a relatively inexpensive,
highly flexible, portable modality that is well suited to eval-
uate the large populations affected by NAFLD. The results
presented herein support the conclusion that quantitative
ultrasound is a promising tool for the diagnosis and
assessment of patients with NAFLD.
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