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GASTROINTESTINAL IMAGING

Fatty liver disease has a high and increasing preva-
lence worldwide, is associated with adverse cardio-
vascular events and higher long-term medical costs, 
and may lead to liver-related morbidity and mortality. 
There is an urgent need for accurate, reproducible, 
accessible, and noninvasive techniques appropriate 
for detecting and quantifying liver fat in the general 
population and for monitoring treatment response 
in at-risk patients. CT may play a potential role in 
opportunistic screening, and MRI proton-density fat 
fraction provides high accuracy for liver fat quanti-
fication; however, these imaging modalities may not 
be suited for widespread screening and surveillance, 
given the high global prevalence. US, a safe and wide-
ly available modality, is well positioned as a screening 
and surveillance tool. Although well-established 
qualitative signs of liver fat perform well in moderate 
and severe steatosis, these signs are less reliable for 
grading mild steatosis and are likely unreliable for 
detecting subtle changes over time. New and emerg-
ing quantitative biomarkers of liver fat, such as those 
based on standardized measurements of attenua-
tion, backscatter, and speed of sound, hold promise. 
Evolving techniques such as multiparametric model-
ing, radiofrequency envelope analysis, and artificial 
intelligence–based tools are also on the horizon. The 
authors discuss the societal impact of fatty liver dis-
ease, summarize the current state of liver fat quantifi-
cation with CT and MRI, and describe past, currently 
available, and potential future US-based techniques 
for evaluating liver fat. For each US-based technique, 
they describe the concept, measurement method, ad-
vantages, and limitations.
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Introduction
Hepatic steatosis, also known as fatty liver, is a common imag-
ing finding with important medical and societal implications. 
Steatosis is defined as the presence of excessive lipid within 
5% of hepatocytes or more and may be the result of viral hep-
atitis, excessive alcohol consumption, certain medications or 
chemotherapy agents, or intestinal malabsorption (1). Nonal-
coholic fatty liver disease (NAFLD) is the presence of steatosis 
in the absence of these secondary causes and is considered 
the hepatic manifestation of metabolic syndrome, associated 
with obesity, type II diabetes, dyslipidemia, and hypertension 
(1). The spectrum of NAFLD ranges from simple steatosis to 
nonalcoholic steatohepatitis (NASH), the latter characterized 
histologically by the presence of lobular inflammation, he-
patocyte ballooning, and fibrosis (2).

NAFLD and NASH represent a large and growing pub-
lic health concern. NAFLD is now the leading cause of 
chronic liver disease worldwide, affecting 25%–30% of the 
global population and accounting for approximately 75% 
of chronic liver disease in the United States (3,4). NASH is 
modeled to increase by up to 56% in western Europe, China, 
and the United States by 2030 (5).

Patients with NAFLD have increased overall mortality 
from hepatic and nonhepatic causes (6). Cardiovascular dis-
ease is the most common cause of death in this population, 
with cancer and liver-related mortality making up the addi-
tional leading causes (7). Patients with NASH may develop 

advanced fibrosis or cirrhosis, with development of hepato-
cellular carcinoma at similar rates as in patients with alco-
holic cirrhosis (~10–15 per 1000 person-years) (8). NAFLD is 
now the fastest-growing cause of hepatocellular carcinoma in 
the world and the underlying disease in 14% of cases of he-
patocellular carcinoma in the United States (3,8). NAFLD is 
also the fastest-growing cause of liver transplant in the United 
States (9).

Identifying individuals in the general population with he-
patic steatosis (screening) is becoming more important, as the 
long-term health care expenditure for patients with NAFLD is 
80% higher than for a non-NAFLD control subject of similar age 
and metabolic comorbidities (10). Although only a minority of 
patients with NAFLD also have NASH, up to 30% of patients 
with NASH may develop advanced fibrosis or cirrhosis (2). 
Also, some emerging pharmaceutical agents use hepatic steato-
sis as a biomarker of response to therapy. Therefore, follow-up 
of patients with NAFLD becomes important (surveillance).

With the high prevalence of steatosis in the general popu-
lation, liver biopsy is not practical. In addition to the associ-
ated costs and risks, liver biopsy is subject to sampling error, 
and histologic assessment for steatosis is qualitative with con-
siderable interobserver variability, making it less than ideal 
for diagnosis and longitudinal follow-up (11). Given these 
shortcomings, there is an urgent need for accurate, reproduc-
ible, and noninvasive methods for evaluation of steatosis. Al-
though MRI is accurate for quantifying steatosis and CT may 
be useful in opportunistic detection, their use in generalized 
screening and surveillance may be impacted by accessibility 
limitations, cost, and applicable risks and contraindications.

This review focuses on use of US for assessment of steato-
sis. Nonimaging techniques and non–US-based imaging tech-
niques are briefly introduced. Then, the impact of steatosis on 
ultrasound wave propagation and backscatter is reviewed. Fi-
nally, traditional, new, and emerging US techniques for detec-
tion, grading, and quantification of liver fat are highlighted, 
including an overview of the concept and the measurement 
method, advantages, and limitations of each technique.

Current Nonimaging Techniques
Fatty liver disease may be suspected clinically on the basis 
of individual patient risk factors and abnormalities in basic 
liver function test results. Additional serum panels and other 
nonimaging tests performed in the office may assist in further 
risk assessment, results of which could trigger confirmatory 
imaging studies.

Clinical Markers of Steatosis
Several clinical panels that incorporate various risk factors, 
anthropomorphic data, and blood tests have been investigated 
for assessment of hepatic steatosis, including the Fatty Liver 
Index, Hepatic Steatosis Index, NAFLD Liver Fat Score, Ste-
atoTest, NAFLD Ridge Score, and NAFL Screening Score. Di-
agnosis of steatosis (>5%) with the NAFLD Liver Fat Score, 
with the Hepatic Steatosis Index, and with the Fatty Liver 
Index does not appear to differ substantially, with the area 
under the receiver operating characteristic curve (AUROC) 
ranging between 0.80 and 0.83 (12). However, many of these 
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	� Combination of several quantitative parameters into a composite technique 

may correct for sources of variability and improve correlation with liver fat 
content. One such method—modeling phantom-corrected attenuation and 
backscatter—has shown promise, now commercially available as US-derived 
fat fraction (UDFF).
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tests may not add significantly to routine clinical information 
and information on standard serum markers.

Several serum biomarkers and biochemical panels have 
also been investigated for diagnosis of NASH. Markers of 
inflammation and inflammatory mediators, oxidative stress, 
apoptosis, and serum adipocytokines have all been evaluated 
as potential biomarkers. Panels including the NASH ClinLip-
Met Score, NASHTest, and NASH Diagnostics Panel show 
good accuracy for diagnosis of NASH, although none has 
emerged as the standard of care (13).

Controlled Attenuation Parameter

Concept.—The controlled attenuation parameter (CAP) is 
a single-vendor proprietary technique available on vibra-
tion-controlled transient elastography (VCTE) devices (Fi-
broScan; Echosens), often implemented in the office at the 
point of care. CAP measures the total attenuation of sound 
waves (considered an indirect measure of steatosis, as dis-
cussed later) (14).

Measurement Method.—CAP measurement and VCTE are per-
formed simultaneously. Attenuation is measured at the central 
frequency of 3.5 MHz, expressed in decibels per meter. Ten 
valid measurements within the right hepatic lobe are obtained 
via an intercostal space, with the median reported (Fig 1) (15). 
Results may be converted to one of four steatosis grades—S0, 
S1, S2, or S3—using manufacturer-supplied cutoffs.

Advantages.—VCTE is relatively low cost, is available 
in the office setting, and has reported good interobserver 
agreement (15–17).

Limitations.—Two-dimensional B-mode images are not gen-
erated; therefore masses, large vessels, and artifacts may be 
difficult to avoid, and measurements cannot be obtained in 
the presence of ascites. Proposed cutoffs vary in the pub-
lished literature, with AUROC ranging from 0.70 to 0.87 
for different steatosis grades (16). Specifically in patients 
with NAFLD, poor accuracy may preclude grading of ste-
atosis (17). CAP may be confounded by superimposed ste-
atohepatitis and fibrosis or by subcutaneous fat, particularly  
in obesity (17).

Non–US-based Imaging Techniques
Many imaging modalities offer techniques for detecting or 
quantifying liver fat (Table S1). An overview of non–US-
based techniques is presented in this section, followed by a 
more detailed discussion of US-based techniques. Previous 
review articles discuss in detail CT- and MR-based liver fat 
quantification (18–20).

CT Assessment

Concept.—CT is based on x-ray attenuation. Increasing he-
patic lipid content causes decreased parenchymal attenua-
tion, which is linearly correlated with MRI proton-density fat 
fraction (PDFF) (19,21).

Measurement Method.—X-ray attenuation in CT is dis-
played in Hounsfield units. As steatosis worsens, measured 
Hounsfield unit values decrease. Both relative (normalized 
to spleen) and absolute Hounsfield unit cutoff values have 
been reported, with noncontrast CT considered more reli-
able (Fig 2) (19).

Figure 1. Representative CAP measurement on a VCTE 
device in a 34-year-old man with mild hepatic steatosis, 
with approximately 16% fat fraction based on prior MRI pro-
ton-density fat fraction (PDFF). The hepatic CAP measure-
ment, 355 dB/m, is elevated owing to fat deposition. The 
median stiffness (5.1 kPa) is also provided.
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Postprocessing.—Clinical picture archiving and communica-
tion systems (PACS) allow measurement of liver parenchymal 
Hounsfield unit values by placing a region of interest (ROI) 
within tissue free of large vessels, masses, and other nonparen-
chymal structures. With dual-energy CT techniques, material 
decomposition may separate attenuation contributions from 
iodine or iron (Fig 2).

Advantages.—CT is widely available and reproducible. Non-
contrast CT is accurate for detection of moderate liver fat 
(sensitivity up to 95%, specificity over 90%) (18,21,22). Oppor-
tunistic evaluation of steatosis can be performed during CT ex-
aminations ordered for other purposes (23).

Limitations.—CT provides low sensitivity (57%) for mild steatosis. 
Given the radiation exposure and relatively high cost, CT is sub-
optimal for population-level screening or ongoing surveillance. 
Steatosis assessment may be confounded by intravenous contrast 
material or hepatocyte iron, copper, or glycogen (19). Parenchy-
mal edema may decrease liver attenuation, mimicking steatosis. 
Liver attenuation may also be affected by beam-hardening arti-
fact, peak kilovolt potential, or vendor-specific x-ray filters (19).

MR-based Proton-Density Fat Fraction
MRI has emerged as a sensitive and specific modality for 
measurement of liver fat (18–20). One specific technique, 

Figure 2. CT assessment of hepatic steatosis in a 61-year-
old man with metabolic syndrome (diabetes mellitus, hy-
pertension, and obesity). (A) Axial portal venous phase con-
trast-enhanced CT image through the liver and spleen shows 
relative hypoattenuation of the liver (42 HU) compared with 
the spleen (95 HU). However, given the presence of intrave-
nous iodinated contrast material, this difference is less spe-
cific in determination of steatosis. (B) Axial virtual noncontrast 
CT image, reconstructed by separating the attenuation contri-
bution of iodine using dual-energy CT techniques, shows that 
the liver (23 HU) remains less attenuating than the spleen (49 
HU). (C) Axial CT liver fat map. Some manufacturers leverage 
spectral CT measurements to generate liver fat maps.

MR-based PDFF, has emerged as the surrogate reference 
standard against which other noninvasive tests are being 
compared.

Concept.—PDFF is calculated as the ratio of MR-visible pro-
tons attributable to triglyceride (ie, fat) to the sum of all pro-
tons attributable to triglyceride and water (18–20).

Measurement Method.—PDFF can be measured with MR 
spectroscopy or MRI. Briefly, these techniques rely on phase 
differences in resonance frequency (chemical shift) between 
water and triglyceride molecules, assessed at multiple echo 
times. To achieve accurate and unbiased fat quantification, 
these techniques are corrected for spectral complexity of fat, 
T1 relaxation effect, and T2 or T2* relaxation effect (20). MR 
spectroscopy measures the PDFF from a small volume of liver 
(typically a voxel of 25  25  25 mm), whereas MRI pro-
duces a map with pixels matching PDFF values (Fig 3).

Postprocessing.—For MRI, ROIs can be drawn on the PDFF 
maps to estimate the mean fat fraction (as a percentage). 
Some commercial software provides automated segmentation 
to compute mean whole-liver PDFF. The following thresholds 
have been proposed to grade the severity of steatosis: 6.4% to 
diagnose grade 1 or higher steatosis (mild), 17.4% to diagnose 
grade 2 or higher steatosis (moderate), and 22.1% to diagnose 
grade 3 steatosis (severe) (24).

Advantages.—MR-PDFF has emerged as an objective assess-
ment of and the most accurate noninvasive biomarker for 
liver fat, with high accuracy for grading steatosis. PDFF has 
been studied in large and geographically diverse cohorts and 
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shown to offer high precision using different field strengths, 
MRI system manufacturers, and reconstruction methods (25). 
Acquisition time is short, with MRI-PDFF of the entire liver 
achievable within one breath hold.

Limitations.—Widespread deployment of MR-PDFF is affected 
by cost and availability. While PDFF imaging allows fat quan-
tification, MR spectroscopy is still needed to perform advanced 
characterization of the type of liver fat, which requires expert 
postprocessing and analysis.

US Assessment

Overview
US is a safe, widely available, and relatively low-cost imag-
ing modality for assessment of liver disease, including eval-
uation of steatosis (22,26). Liver US is commonly performed 
in patients with unexplained elevation of liver function test 
results and to monitor patients with known or suspected 
chronic liver disease; therefore, US is well positioned to pro-
vide an assessment of steatosis for both screening (detec-
tion) and surveillance (monitoring). US holds great promise 
for assessment of steatosis, given the widespread need and 
lower access barriers.

Liver US is generally performed with a curvilinear (convex) 
transducer using low transmit frequencies (1–5 MHz). Com-
monly used qualitative gray-scale image features of steatosis 
are described later. Newer quantitative techniques are possible, 
several of which are now commercially available. A description 
of the interaction between ultrasound and hepatocytes contain-
ing fat vacuoles will help in understanding the appearance of 
liver steatosis on gray-scale or brightness-mode (B-mode) im-
ages and the impact on these various quantitative techniques.

Interaction between Sound and Tissue

Acoustic Wave Propagation.—To understand the impact of 
steatosis (lipid droplets in hepatocytes) on ultrasound, a re-
view of mechanical wave propagation is helpful. Mechanical 
waves produce physical particle motion. Acoustic (sound) 
waves, a type of longitudinal mechanical wave, can be con-
sidered pressure waves or compression waves because they 
locally increase (and later decrease) the local pressure of a 
material through which they are traveling. When these waves 
propagate through a uniform material, particle motion can 
be reasonably approximated as a plane wave (one-dimen-
sional) in the direction of travel (Fig 4).

Sound Speed.—A material can be described by both its mass 
density and its compressibility (coefficient of stiffness, or bulk 
modulus), which influence acoustic wave propagation (27). 
The speed of sound (SoS) is equal to the square root of stiff-
ness (bulk modulus) divided by density. Therefore, a relatively 
stiff (noncompressible) tissue will have higher SoS, whereas 
fat—which is relatively less stiff (more compressible)—will 
have lower SoS. Compared with water, most soft tissues gen-
erally have slightly higher mass density (approximately 1.04 
g/cm3) and sound speed (1540 m/sec), while lipids generally 
have lower mass density (0.9 g/cm3) and sound speed (approx-
imately 1450 m/sec) (28). So, increasing liver fat is expected to 
decrease sound speed (Fig 5).

Backscatter and Speckle.—When an acoustic wave passes 
through an inhomogeneous material containing particles of 
different acoustic impedance (product of a material’s mass 

Figure 4. Simplistic simulation of a one-dimensional mechanical (sound) 
wave shows areas of higher and lower particle density as a result of a 
passing longitudinal pressure wave, which locally compresses and later 
expands the particles as a result of locally high and low pressure, respec-
tively (orange sine-wave overlay).

Figure 3. Axial MR-PDFF maps and mean liver PDFF computed from whole-liver segmentation in four patients with biopsy-proven steatosis grades 0–3: 
1.8% (grade 0), 10.6% (grade 1), 20.5% (grade 2), and 37.8% (grade 3).
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density and sound speed), such as lipid droplets in hepato-
cytes, some of its energy is absorbed (converted to heat) or 
redirected (scattered) (29). When the shape of these scatterers 
is (roughly) spherical, much of that energy is scattered back 
toward the direction of the incoming wave (backscatter or 
echo). This backscatter signal is the fundamental principle be-
hind pulse-echo US and generation of B-mode gray-scale im-
ages. The magnitude of the backscatter signal (echogenicity) 
depends on the size, shape, orientation, and acoustic imped-
ance difference between these scatterers and their surround-
ings. Therefore, an increasing number of lipid droplets is ex-
pected to increase backscatter signal (brightness), although 
wave interferences may reduce backscatter at very high lipid 
droplet concentration (Fig 6).

When there are several of these scatterers within the 
acoustic pulse volume, and those scatterers are tiny com-
pared with the wavelength, the resulting backscatter is a 
summation of acoustic signal from these unresolvable con-
stituents. The constructive and destructive wave interfer-
ences from these scatterers contribute to the B-mode paren-
chymal echotexture (speckle), or the variation in size and 
brightness of the dots that make up the tissue stroma (30). 
Larger inhomogeneities (large lipid droplets) may cause the 
speckle spots to broaden and lengthen.

Another reason why the speckle spots might broaden is 
ultrasound beam defocusing due to a mismatch between the 
actual average sound speed in the material and the assumed 
sound speed assumed by the US system when focusing the 
transmitted and received ultrasound beam (28). For exam-
ple, if liver lipid content is 20%, then the average sound 
speed in the liver is likely reduced from 1540 m/sec to 1522 
m/sec (where 1522 m/sec = 0.8  1540 m/sec + 0.2  1450 
m/sec). If the US system uses a sound speed of 1540 m/sec 
for beam forming, this mismatch leads to poorer focusing 
of the ultrasound beam and lower image quality (broader 
speckle spots) (Fig 5).

Attenuation.—Attenuation, or the loss of pulse power, results 
from the combination of absorption, reflection, refraction, 
scattering, and diffusion of the ultrasound wave as it passes 
through a material. Qualitative differences in attenuation 
can be appreciated as enhancement (increased brightness) of 
tissues deep to a nonattenuating cyst, or as shadowing (de-
creased brightness) deep to a highly attenuating breast cancer 
(31). Attenuation is difficult to predict in materials, although 
liver is one tissue that has been thoroughly studied. Numerous 
investigations have proposed models to describe the mecha-
nisms contributing to attenuation in liver. Although there is 
no consensus on the exact influence of these mechanisms on 
excess attenuation in steatosis compared with normal liver, 
scattering from lipid droplets (with relatively high acoustic 
impedance difference compared with surrounding tissue) and 
absorption are both meaningful (Fig 7).

Past US Technique

Assessment of Qualitative Gray-Scale Features

Concept.—Steatosis has been evaluated with US since the 1970s. 
As discussed earlier, steatosis increases average backscatter sig-
nal (global parenchymal echogenicity). However, as gray-scale 
image echogenicity is also reliant on technical factors includ-
ing transducer frequency, output power, and gain, comparison 
with internal references is needed. Increasing degrees of ste-
atosis also progressively increase acoustic attenuation, leading 
to decreased signal from deeper portions of the liver (32). Fi-
nally, as steatosis decreases sound speed, increasing image clut-
ter and worsening spatial resolution due to beam-forming and 
echo-localization errors may be appreciated.

Measurement Method.—Diffuse hepatic steatosis is generally 
categorized at gray-scale US as mild, moderate, or severe, 

Figure 5. Speed of sound (SoS). (A) A material can be characterized 
by the speed with which an acoustic compression wave propagates 
through that material. SoS is measured in meters per second. (B) In a 
steatotic liver, SoS is decreased. As acoustic wave propagation slows, 
the wavelength shortens as the frequency remains constant (brack-
ets). Not only does this impact beam focusing, but returning echoes 
arrive later in time than expected, leading to erroneous localization of 
a structure further from the transducer. (C) In most US applications, 
beam forming and image generation rely on the assumption of a 
constant speed of sound, generally 1540 m/sec, which allows precise 
localization of returning echoes. US image with precise localization of 
returning echoes shows clear delineation of the diaphragm interface 
through the right lobe of the liver. (D) In the setting of steatosis, dif-
ferences in assumed SoS lead to loss of resolution and errors in echo 
localization. US image in a patient with steatosis shows blurring of the 
diaphragm. (C and D were obtained with the same device and a con-
vex transducer at 3-MHz central frequency.)
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based on subjective assessment of several features (22,33) 
(Figs 8, 9). With increasing steatosis, the echogenicity of the 
hepatic parenchyma relative to that of the adjacent kidney, 
pancreas, or spleen increases, while the visibility and clarity 
of portal vein and gallbladder walls and the diaphragm-lung 
interface progressively diminish (22,33,34).

Mild steatosis results in a mild increase in liver echo-
genicity with regard to the adjacent normal right kidney. 
Moderate steatosis shows a more marked increase in echo-
genicity and a slight decrease in the conspicuity of vessel 
borders, the gallbladder wall, and the diaphragm. Severe 
steatosis shows markedly increased echogenicity, as well as 
loss of vessel border definition and loss of diaphragm vi-
sualization due to decreased ultrasound beam penetration 
(increased attenuation) (35). Focal fat sparing in the pres-
ence of diffuse hepatic steatosis is a specific sign and can 
be found in typical locations, such as along the gallbladder 
fossa or the fissure for the falciform ligament or adjacent to 
the portal vein.

Advantages.—The subjective assessment can be made on rou-
tine gray-scale images; no special postprocessing is needed. A 
recent meta-analysis calculated a high AUROC of 0.80 for sub-
jective detection of steatosis at US (ie, differentiating intrahe-
patic fat of ≥5% vs <5%) (36). Another meta-analysis calculated 
an AUROC of 0.93 in differentiating moderate to severe hepatic 
steatosis from no steatosis (37).

Limitations.—Body habitus and sonographer experience may 
limit complete visualization of the liver and acquisition of rep-
resentative images. Parenchymal appearance can be influenced 
by the scanning window, shadowing and refraction artifacts, 
and a large subcutaneous fat layer between the liver and the 
transducer. Additional technical factors impacting the appear-
ance of the parenchyma include the transducer and frequency, 
harmonic imaging, gain, and output power. Steatosis evaluation 
is limited in the setting of fibrosis and other infiltrative diseases 
and is impacted by renal disease, as an increase in renal echo
genicity will decrease apparent hepatic-to-renal contrast (34).

Figure 6. Backscatter. (A) Acoustic signal returning to the transducer 
from unresolvable tissue constituents (backscatter) is the primary de-
terminant of gray-scale brightness in B-mode imaging. The number and 
strength of this backscatter are influenced by variations in acoustic im-
pedance (density and speed of sound) in small scatterers that compose 
the tissue stroma (not depicted is the contribution of constructive and 
destructive wave interferences). (B) When the number of scatterers or 
the variability in their acoustic impedance increases, backscatter signal is 
expected to increase. (C, D) US images show this phenomenon between 
normal liver (C) and steatotic liver (D) as an increase in parenchymal 
echogenicity (brightness) of the left hepatic lobe. (C and D obtained with 
the same device and a convex transducer at 3-MHz central frequency.)

Figure 7. Attenuation. (A) As sound pulses travel through a medium, 
absorption, reflection, refraction, scattering, and diffusion contribute to 
loss of pulse power. The rate of this power loss is attenuation (expressed 
in decibels per centimeter at a specific frequency). (B) Increasing liver fat 
leads to both increased absorption and reflection (backscatter), leading 
to greater attenuation. (C) US systems assume a constant rate of attenua-
tion to produce a homogeneous gray-scale image. (D) When attenuation 
is greater than assumed by the system, such as in steatosis, there is 
progressive darkening of the deeper liver (far field) relative to the more 
superficial liver (near field). (C and D obtained with the same device and 
a linear transducer at 7-MHz central frequency.)
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Visual assessment of the various signs of steatosis remains 
subjective. Detection of mild steatosis, differentiation between 
steatosis grades, and tracking small changes over time are dif-
ficult using conventional techniques (38). Varying sensitivities 
and cutoffs have been reported, as well as low intrareader and 
interreader agreement, depending on the criterion analyzed 
(37,39,40).

Present US Techniques

Semiquantitative Hepatorenal Index

Concept.—The hepatorenal index is a US technique for indi-
rectly and semiquantitatively measuring steatosis as the echoge-
nicity ratio of the liver to right kidney cortex. As discussed ear-
lier, increasing liver echogenicity with worsening steatosis is a 
qualitative feature that generally requires an internal reference.

Measurement Method.—To calculate the hepatorenal index, 
ROIs (suggested diameter ≥ 1 cm) are placed in the liver pa-
renchyma and the right renal cortex on a single image, away 
from artifacts, masses, and large vessels (Figs 10, 11). Both 
ROIs should be at the same distance from the transducer to 
minimize depth-dependent attenuation differences. Various 
hepatorenal index cutoffs for the presence of steatosis have 
been published, ranging from 1.24 to 2.2 (31,41–44).

Advantages.—The hepatorenal index is a relatively intui-
tive and reproducible technique for assessment of steatosis 
(41,42,44). Some manufacturers have implementations for 
on-scanner calculation. Clinical PACS may permit hepatore-
nal index estimation, allowing seamless implementation into 
routine practice, without the need for separate equipment or 
other additional costs.

Limitations.—It has been recommended that individual sites val-
idate cutoffs on the basis of local data and that patients return-
ing for follow-up examinations be imaged on the same device 
to minimize intermanufacturer variability; however, these rec-
ommendations may be impractical for most sites. Some operator 
and technique dependency remains (Fig 12), widely accepted 
cutoff values are not yet available, and there is limited literature 
on intervendor variability. Not all PACS can produce hepatorenal 
indexes, in which case on-scanner calculation can be pursued.

The hepatorenal index assumes a normal kidney (absence 
of renal disease that may increase cortical echogenicity), and 
sufficient cortical thickness is needed for ROI placement 
without including scar or medullary pyramids. Other diffuse 
liver diseases may increase or decrease relative liver echoge-
nicity, thereby confounding hepatorenal index interpretation.

Quantitative Pulse-Echo Techniques
Quantitative pulse-echo techniques include measurement of 
the attenuation coefficient, backscatter coefficient, and SoS, 
as well as composite quantitative techniques.

Attenuation Coefficient

Concept.—The attenuation coefficient is the measurement of 
acoustic energy loss as an acoustic wave propagates through 
a medium, typically at a specific frequency (27). Although the 
effects of attenuation may be difficult to appreciate in diffuse 
liver disease, particularly when mild, there is a long history 
demonstrating the correlation between steatosis and attenu-
ation (Fig 7) (31).

Measurement Method.—A large ROI is placed in the hepatic 
parenchyma, avoiding artifacts, masses, and large vessels, 

Feature Normal Mild Moderate Severe

Parenchymal 
Echogenicity

Hypo- or isoechoic 
rela�ve to kidney;

Hypoechoic rela�ve 
to pancreas

Progressive increase in 
echogenicity rela�ve to kidney 

and pancreas

Markedly echogenic 
rela�ve to kidney;
Isoechoic to pancreas

Portal Walls;
Gallbladder Wall

Echogenic, clearly 
depicted walls

Progressive decrease in clarity 
and rela�ve echogenicity of 
portal and gallbladder walls

Portal and gallbladder 
walls indis�nct

A�enua�on
Uniform appearance 
of parenchyma from 
near to far field

Progressive darkening of 
deeper parenchyma rela�ve to 

nearfield*

Marked difference in 
parenchymal visualiza�on, 
with far field significantly 
darker and not well 
visualized

Clarity of 
Diaphragm

Clearly depicted, 
smooth, and highly 
echogenic

Progressive decrease in clarity 
and rela�ve echogenicity of 

diaphragm

Near-complete or 
complete loss; if visible, 
may be poorly echogenic 
and indis�nct

Focal Fat Sparing None Conspicuous

Figure 8. Common B-mode US features in a normal liver and in increasing degrees of steatosis. * May be overcome with lower transducer frequency and 
adjustments to time-gain compensation (TGC).



July 2023	 Fetzer et al

Volume 43 Number 7 	 9	 radiographics.rsna.org

Figure 9. Examples of classic B-mode gray-scale US features of hepatic steatosis, ranging from none (normal) to severe. Liver parenchymal echogenicity 
relative to the right renal cortex at the same depth (circles) will progressively increase. Parenchymal echogenicity may also increase relative to that of the 
pancreas (squares). As steatosis increases, the relative echogenicity and conspicuity of vessel walls will decrease (black arrowheads), first affecting the 
hepatic vein walls, then portal veins. Similarly, the relative echogenicity of the gallbladder wall (white arrowheads) will decrease. Increasing parenchymal at-
tenuation due to steatosis may be perceived as progressive darkening of hepatic parenchyma further from the transducer (bracket), despite time-gain com-
pensation (TGC) adjustments. The clarity and echogenicity of the diaphragm will also diminish as steatosis increases (solid arrows) owing to loss of relative 
echogenicity, increased attenuation, and poor echo localization due to variations in SoS. Focal fat sparing (open arrows) is not seen in a normal liver and is 
a specific sign for any degree of steatosis.
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and the attenuation coefficient—the loss of acoustic mag-
nitude (in decibels) over a specific depth range (in centime-
ters) at a specific frequency (in megahertz)—is calculated 
(Figs 13–20). In biologic tissues, the attenuation coefficient 
ranges from 0.01 to 4 dB/cm/MHz (27). In the liver, the atten-
uation coefficient is expected to range from 0.43 to 1.26 dB/
cm/MHz (31,45). Both the time-domain method and frequen-
cy-domain method have been investigated for attenuation 
measurements, with modern methods relying on estimating 
spectral differences or spectral shift (27,31). Historically, af-
ter measurement of the attenuation coefficient, a subsequent 
acquisition on a tissue-mimicking reference phantom using 
the same system settings and ROI depth was required for cal-
ibration (46).

Advantages.—The attenuation coefficient is relatively intuitive 
and straightforward to perform. With increasing bandwidth, 
sensitivity, stability, and reproducibility of commercial US sys-
tems, calibration data from a reference phantom can be pro-
grammed into the imaging system, allowing easier clinical im-
plementation without the need for external calibration (46,47).

Limitations.—Confounders may include ROI size, depth, near-
field reverberation and phase-aberration artifacts from the ab-
dominal wall, fasting status, and liver heterogeneity (31). The 
attenuation coefficient is not a direct measure of fat content, 
and other processes such as superimposed liver fibrosis may 
also influence attenuation.

Backscatter Coefficient

Concept.—The backscatter coefficient refers to measurement of 
ultrasound echoes attributed to reflection and scattering, data 
that are the primary determinant of gray-scale brightness in 
B-mode imaging (27) (Fig 6). Ideally, the backscatter coefficient 
is a fundamental measure independent of US system characteris-

tics and settings, transducer properties, and attenuation between 
the ultrasound probe and the selected ROI (48,49). It is usually 
reported at a single frequency, although spectral information 
over the transducer bandwidth can be quantitatively analyzed 
with descriptive modeling (beyond the scope of this review).

Measurement Method.—Similar to the attenuation coefficient, 
the backscatter coefficient is measured within a large liver ROI 
in units of cm−1 sr−1, where sr signifies a solid angle in steradi-
ans (27). Liver backscatter coefficient at 3 MHz typically ranges 
from 0.5 ± 0.2  10−3 cm−1 sr−1 in normal livers to 6.8 ± 3.7  
10−3 cm−1 sr−1 in fatty livers (50). Calculation of the backscat-
ter coefficient requires scanner raw (radiofrequency) data, and 
compensation for system settings and beam characteristics is 
needed, which has traditionally required calibration with a ref-
erence phantom, similar to the attenuation coefficient.

Advantages.—The backscatter coefficient provides a quan-
titative signature of tissue microstructure. A correlation of 
0.80 (Spearman rank correlation, P < .0001) was reported 
between the backscatter coefficient at 2.9–3.1 MHz and 
MRI-PDFF (range of 5%–35%) (51). In a cohort with MRI-
PDFF ranging from 0.7%–41%, a correlation of 0.58 (Pearson 
correlation, P < .001) was documented with the backscatter 
coefficient at 2.3–3.1 MHz (52).

Limitations.—The backscatter coefficient is not directly avail-
able on current clinical systems. Accurate measurement of 
backscatter coefficient requires accurate accounting of system 
setting and beam characteristics, although scanners with em-
bedded calibrations are emerging for clinical imaging. Sim-
ilar to the attenuation coefficient, confounders may include 
ROI size, depth, near-field reverberation and phase-aberra-
tion artifacts, fasting status, and liver heterogeneity (53). The  
backscatter coefficient is not a direct measure of fat content, 
and other processes such as superimposed liver fibrosis may 
also influence backscatter.

Figure 10. Hepatorenal index (HRI) in a normal healthy patient. US image 
shows a representative HRI measurement in a 63-year-old man with less 
than 6% liver fat fraction at MR-PDFF, a value indicating absence of sig-
nificant steatosis. Circular ROIs have been placed in the renal cortex and 
adjacent liver at the same distance from the transducer. The HRI is 1.35, 
considered a normal value.

Figure 11. Hepatorenal index (HRI) in a 64-year-old woman with 18% fat 
fraction at MR-PDFF, indicating moderate steatosis. Circular ROIs have 
been placed in the renal cortex and adjacent liver at the same distance 
from the transducer. US image shows an HRI of 2.95, considered abnor-
mally elevated.
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Speed of Sound

Concept.—SoS is the longitudinal compression (acoustic) wave 
propagation velocity in a medium, which varies depending on 
material composition—for example, 1450 m/sec in fat and 1550 
m/sec in liver (28). Medical US image formation assumes a sin-
gle constant SoS, typically 1540 m/sec. Tissue SoS deviations 
cause echo depth localization errors and image quality degra-
dation, often appreciated as reduced lateral resolution and de-
creased speckle brightness (27) (Fig 5). In the liver, SoS is in-
versely correlated with steatosis.

Measurement Method.—SoS is reported in meters per second. 
Some manufacturers permit manual selection of SoS used for 
beam forming, although qualitative image assessment is re-

quired for SoS estimation. Numerous quantitative techniques 
permit SoS estimation (27,28).

Focusing techniques seek to optimize image lateral reso-
lution and speckle brightness by iteratively varying SoS until 
image quality is maximized. Similarly, coherence techniques 
optimize image quality, although at the channel level rather 
than the image level. Compounding techniques measure 
the time delay between echoes generated from various pulse 
transmit angles. Several manufacturers can estimate SoS, ei-
ther averaged over an image or within an ROI, reported as SoS 
(eg, 1550 m/sec) or as a deviation from 1540 m/sec (eg, +10) 
(Figs 19, 20).

Advantages.—SoS is intuitive, inversely associated with steato-
sis level, and frequency independent and has homogeneous 

Figure 12. Technique-dependent variation in hepatorenal index (HRI) results. Gray-scale US images of the right kidney and adjacent liver in two pa-
tients (patient 1, A–C; patient 2, D–F) show variability in HRI induced by changes to dynamic range (DR) settings (DR35, DR55, and DR70). The HRI for 
patient 1 yields mild steatosis (with 1.49 used as the cutoff) at DR35 and severe steatosis at DR70. The HRI for patient 2 yields no steatosis at DR35 and 
mild steatosis at DR70.

Figure 13. Representative US-derived hepatic attenuation 
measurement (UGAP; GE Healthcare) in a 41-year-old man 
without a history of liver disease, significant alcohol use, or 
metabolic syndrome. Color map superimposed on a back-
ground B-mode US image of the liver provides a visual repre-
sentation of attenuation values from 0.3 to 1.3 dB/cm/MHz. The 
hepatic attenuation measurement, 0.56 dB/cm/MHz, is derived 
from the yellow box ROI and is within the lower range of ex-
pected liver attenuation values.
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reporting methodology. Beyond its role as a biomarker, SoS 
estimation can also improve image quality.

Limitations.—SoS estimation is currently limited to a few 
manufacturers, and the impacts of transmit frequency and 
ROI size and depth require further investigation. There is a 
relatively narrow range of expected SoS in liver (1400–1700 
m/sec), requiring high measurement precision and min-
imized bias (27). As with the attenuation coefficient and 
backscatter coefficient, confounders may include near-field 
reverberation artifacts, fasting status, and liver heterogene-
ity, and motion may introduce measurement error (28). SoS 
is not a direct measure of fat content, and concomitant liver 
fibrosis—which increases SoS—confounds hepatic fat esti-
mation. Therefore, techniques such as shear wave elastogra-
phy (SWE) for fibrosis estimation may be needed.

Composite Quantitative Techniques

Concept.—Individual quantitative biomarkers may be im-
pacted by confounders, wide ranges in cutoff values, and over-
lap between steatosis grades (26,27,54). Combination of several 
quantitative parameters into a composite technique may correct 

for sources of variability and improve correlation with liver fat 
content. One such method—modeling phantom-corrected at-
tenuation and backscatter—has shown promise, now commer-
cially available as US-derived fat fraction (UDFF) (46,52,55).

Measurement Method.—UDFF provides a quantitative param-
eter of hepatic fat within a 3-cm ROI positioned perpendicular 
to and 1.5–2 cm below the liver capsule in an artifact-free area, 
avoiding masses and large vessels. The UDFF index is calcu-
lated by nonlinear regression of the attenuation coefficient and 
backscatter coefficient using embedded reference phantom cal-
ibrations (55). Results are reported in percent, similar to MRI-
PDFF (Figs 21, 22). Unlike the nonlinear correlation of the at-
tenuation coefficient and backscatter coefficient, UDFF shows 
a linear relationship with PDFF (56).

Advantages.—UDFF may be combined with routine liver 
US with an examination time of less than 5 minutes and has 
shown good interobserver agreement (56). With histologic 
steatosis used as a reference, the diagnostic accuracy for de-
tecting the presence of steatosis in greater than 5% of hepato-
cytes was originally reported as 0.94 (0.85–0.98), comparable 
with that of MRI-PDFF (55). One recent study reported an 

Figure 14. Representative US-derived hepatic attenuation 
measurement (UGAP; GE Healthcare) in a 34-year-old man 
with 16% fat fraction based on prior MRI-PDFF (not shown), 
indicating mild steatosis. Color map superimposed on a back-
ground B-mode US image of the liver provides a visual repre-
sentation of attenuation values from 0.3 to 1.3 dB/cm/MHz. The 
hepatic attenuation measurement, 0.85 dB/cm/MHz, is higher 
than that of a normal liver imaged with the same device owing 
to fat deposition.

Figure 15. Representative US-derived hepatic attenuation 
measurement (Atten; Philips Healthcare) in a 57-year-old man 
with less than 6% fat fraction based on prior MRI-PDFF (not 
shown), indicating no significant steatosis. Color map superim-
posed on a background B-mode US image of the liver provides 
a visual representation of attenuation values from 0.0 to 1.5 dB/
cm/MHz. The hepatic attenuation measurement, 0.51 dB/cm/
MHz, is derived from the circular ROI and is within the lower 
range of expected liver attenuation values.
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AUROC of 0.90 for identification of MRI-PDFF of 5.5% or 
greater (56). Measurement of UDFF may simultaneously pro-
vide shear wave speed measurements of liver stiffness for fi-
brosis estimation.

Limitations.—As UDFF is a propriety technique, interven-
dor comparisons may be challenging. The large ROI used by 
UDFF may be limited by a narrow acoustic window and a 
small right lobe and may be confounded by liver masses and 
inhomogeneous fat distribution.

Future US Techniques

Advanced US Data Analysis

Concept.—The standard gray-scale B-mode image is highly 
processed by filtering, compression, compounding, and var-
ious despeckling (smoothing) techniques. Behind these im-
ages is a large amount of raw backscatter data that is available 
for various advanced and future quantitative analyses. These 
data are often referred to as radiofrequency or in-phase (I) and 
quadrature (Q) demodulated (I/Q) data, analysis of which has 
led to innovations in various quantitative techniques in liver 
disease (27).

Measurement Method.—Radiofrequency and I/Q data are col-
lected by the scanner for every image obtained and may be 
saved in the US device; however, they are generally not ex-
ported to the PACS. Once extracted from the scanner, data re-
quire significant processing.

Postprocessing.—Radiofrequency and I/Q data processing 
allows analysis of liver steatosis by modeling the intensity 
occurrence distribution (or histogram) of backscatter speckle 
with probability density functions (57), the most common in-
cluding the Rayleigh, homodyned-K, and Nakagami statisti-
cal models, and comparing the results with those of normal 
liver. Parameters used to fit the model histogram can be pre-
sented in the form of color parametric images.

Radiofrequency processing may also allow additional anal-
ysis of SWE data for various liver disease states. For example, 
shear wave attenuation (which differs from compression wave 
attenuation, typically assessed with CAP, or the attenuation 
coefficient) also increases with liver steatosis grade (58). Dif-
ferences of the shear wave speed with frequency can be mea-
sured as shear wave dispersion (SWD) and also displayed as a 
parametric image (59).

Advantages.—Preclinical studies have shown the value of ho-
modyned-K and Nakagami modeling to assess liver steatosis 
(60,61). In rat models, homodyned-K imaging improved the 
grading of superimposed liver inflammation when added to 
SWE (62). A Nakagami imaging strategy provided AUROCs for 
grading human steatosis of 0.76 (mild), 0.81 (moderate), and 
0.82 (severe) (63). Today, a few US system manufacturers are 
offering speckle statistics imaging capabilities (64,65) (Fig 23).

SWD appears to correlate with steatosis grade (59). SWD 
can describe liver viscosity (or damping property) and is also 
considered sensitive to lobular inflammation in early studies 
(66,67). SWD is now implemented on some clinical devices 
(Figs 24, 25).

Limitations.—Not all manufacturers allow direct access to the 
radiofrequency and I/Q data, and some may require a specific 
research agreement. Analyzing and modeling radiofrequency 
and I/Q data often require special expertise, and results may 
not be intuitive. Further studies are needed to assess trans-
latability, reproducibility, and reliability in assessing various 
liver disease states.

Artificial Intelligence–based Techniques

Concept.—An emerging trend is use of artificial intelli-
gence algorithms to detect or grade the severity of steatosis 
(52,68,69). The input training dataset may include B-mode or 
postprocessed radiofrequency acquisition data. The reference 
standard may be visual assessment of liver fat by radiologists, 
liver biopsy results, or MRI-PDFF (68,69).

Figure 16. Representative US-derived hepatic attenuation 
measurement (Atten; Philips Healthcare) in a 65-year-old man 
with 17% fat fraction based on prior MRI-PDFF (not shown), indi-
cating mild to moderate hepatic steatosis. Color map superim-
posed on a background B-mode US image of the liver provides 
a visual representation of attenuation values from 0.0 to 1.5 dB/
cm/MHz. The hepatic attenuation measurement, 0.71 dB/cm/
MHz, is derived from the circular ROI and is higher than that of a 
normal liver imaged with the same device as a consequence of 
hepatic steatosis.
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Figure 17. Representative US-derived hepatic attenu-
ation measurement (ATI; Canon Medical Systems) in a 
41-year-old man without a history of liver disease, sig-
nificant alcohol use, or metabolic syndrome. Color map 
superimposed on a background B-mode US image of 
the liver provides a visual representation of attenuation 
values from 0.0 to 2.0 dB/cm/MHz. High attenuation is 
represented by orange or red. Low confidence mea-
surements, such as in the bottom right of the region, 
are not displayed. The hepatic attenuation measure-
ment, 0.55 dB/cm/MHz, is derived from the inset yellow 
sector ROI and is within the lower range of expected 
liver attenuation values. The high R2 value, 0.97, indi-
cates a high-quality measurement.

Figure 18. Representative US-derived hepatic 
attenuation measurement (ATI; Canon Medical 
Systems) in a 34-year-old man with 16% fat fraction 
based on prior MRI-PDFF (not shown), indicating 
mild hepatic steatosis. Color map superimposed on 
a background B-mode US image of the liver provides 
a visual representation of attenuation values from 
0.0 to 2.0 dB/cm/MHz. The hepatic attenuation mea-
surement, 0.85 dB/cm/MHz, is higher than that of a 
normal liver imaged with the same device owing to 
hepatic steatosis. The R2 value, 0.99, indicates that 
this is a high-quality measurement.

Figure 19. Representative US-derived hepatic attenuation and SoS 
measurements (Att PLUS; SuperSonic Imagine) in a 41-year-old man 
without a history of liver disease, significant alcohol use, or metabolic 
syndrome. The hepatic attenuation measurement, 0.39 dB/cm/MHz, and 
SoS measurement, 1543 m/sec, are derived from the box-shaped ROI 
superimposed on a background B-mode US image of the liver and are 
considered normal values.

networks has been approached as a two-way classification (ie, 
normal vs fatty liver) (70), multiway classification (ie, steato-
sis grades 0, 1, 2, and 3) (71), or regression problem (ie, predic-
tion of the liver fat fraction as a percentage) (69).

Advantages.—Promising results have been reported for 
grading the severity of liver steatosis (69,71). Once models 
are trained, the predictions can be run in real time, display-
ing results as the images are acquired.

Limitations.—Numerous technical sources of variability 
may affect US images: US scanner manufacturers, models, 
probes, image settings, and image views. Therefore, robust-
ness and generalization of models must be assessed in differ-
ent populations and with different equipment before clinical 
use.

Comprehensive Assessment of Liver Disease
Hepatic steatosis is one of many conditions that may affect 
the liver. Multiparametric imaging has been considered nec-
essary for comprehensive assessment of liver disease, which 
may include steatosis, inflammation, hepatocyte ballooning, 
and fibrosis (27,72–75). A combination of US parameters in-
cluding the hepatorenal index, attenuation coefficient, back-
scatter coefficient, SoS, SWE, SWD, and Nakagami and ho-
modyned-K parameters could all be used in combination in 
multivariate linear models, logistic regressions, or machine 
learning strategies to correct for confounders and improve 

Measurement method.—Assessment of steatosis severity has 
been proposed on single representative reproducible images, 
either on the entire US image or after segmentation. Classi-
fication of liver steatosis severity with convolutional neural 
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niques, with or without advanced backscatter data analytics 
and artificial intelligence.

Author affiliations.—From the Department of Radiology (D.T.F.) and Depart-
ment of Internal Medicine, Division of Digestive and Liver Diseases (A.M.), 
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TX 75390-9316; Department of Radiology, Massachusetts General Hospi-
tal and Harvard Medical School, Boston, Mass (T.T.P.); Department of Ra-
diology, University of Alabama at Birmingham, Birmingham, Ala (M.L.R.); 

Figure 20. Representative US-derived hepatic attenuation and SoS mea-
surements (Att PLUS; SuperSonic Imagine) in a 34-year-old man with 16% 
fat fraction based on prior MRI-PDFF (not shown), indicating mild steatosis. 
The hepatic attenuation measurement, 0.60 dB/cm/MHz (higher than that 
of normal liver imaged with the same device), and hepatic SoS measure-
ment, 1499 m/sec (lower than that of normal liver), are derived from the 
box-shaped ROI superimposed on a background B-mode US image of the 
liver. These changes are an expected consequence of hepatic steatosis.

the diagnostic performance of US for precise characterization 
of liver disease. Advancement of these techniques will certainly 
benefit from the technical standardization processes led by the 
RSNA’s Quantitative Imaging Biomarkers Alliance (QIBA).

Conclusion
Given the increased prevalence, awareness, and clinical im-
pact of hepatic steatosis, US is well positioned to function 
as an impactful screening and surveillance tool. There are 
many new and emerging quantitative techniques that hold 
great promise beyond the routinely used qualitative assess-
ment of the gray-scale features of steatosis. Future efforts 
are likely to focus on composite and multiparametric tech-

Figure 21. Representative steatosis measurement (UDFF; Siemens 
Healthineers) in a 41-year-old man without a history of liver disease, signif-
icant alcohol use, or metabolic syndrome. UDFF is calculated from mea-
surements from a sector region, which is superimposed on a background 
B-mode US image of the liver. Additionally, shear wave velocity is mea-
sured in 15 ROIs within the sector. The UDFF value, a composite metric 
based on attenuation and backscatter and normalized to MR-PDFF, is 5%.

Figure 22. Representative UDFF measurement (UDFF; Siemens Health-
ineers) in a 34-year-old man with 16% fat fraction on the basis of prior 
MRI-PDFF (not shown), indicating mild steatosis. UDFF is calculated from 
measurements from a sector region, which is superimposed on a back-
ground B-mode US image of the liver. Additionally, shear wave velocity is 
measured in 15 ROIs within the sector. The UDFF value—a composite met-
ric based on attenuation and backscatter and normalized to MR-PDFF—is 
24%, higher than that of normal liver imaged with the same device owing 
to hepatic steatosis.

Figure 23. Representative tissue scatter distribution 
imaging (TSI) measurement (Samsung Medison) in a 
40-year-old woman with incidental hepatic steatosis. 
Color map superimposed on a background B-mode US 
image of the liver shows the TSI value. Studies regarding 
correlation of TSI output (number and color map) with 
steatosis are ongoing. (Courtesy of Stephanie Wilson, 
MD, University of Calgary, Calgary, Alberta, Canada.)
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Figure 24. Representative US-derived hepatic viscosity mea-
surement (Vi PLUS; SuperSonic Imagine) in a 41-year-old man 
without a history of liver disease, significant alcohol use, or 
metabolic syndrome. Color map superimposed on a background 
B-mode US image of the liver provides a visual representation 
of viscosity values. The yellow and white pixels indicate higher 
viscosity. The hepatic viscosity measurement, 3.1 Pa  sec, is de-
rived from the inlayed circular ROI.

Figure 25. Representative US-derived hepatic viscosity mea-
surement (Vi PLUS; SuperSonic Imagine) in a 34-year-old man 
with 16% fat fraction on the basis of prior MRI-PDFF (not shown), 
indicating mild steatosis. Color map superimposed on a back-
ground B-mode US image of the liver provides a visual repre-
sentation of viscosity values. The red and organ pixels indicate 
lower viscosity. The hepatic viscosity measurement, 1.8 Pa  sec, 
is derived from the inlayed circular ROI, lower than expected 
owing to hepatic steatosis.
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