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Liver Ultrasound Elastography:  
Review of Techniques and Clinical Applications
ADIB R. KARAM, MD; MICHAEL D. BELAND, MD

ABSTRACT 
Chronic liver disease remains a substantial worldwide 
problem. Accurate estimation of liver fibrosis is crucial 
for determining the stage of the disease, assessing the 
patient’s prognosis and predicting treatment response.  
Staging hepatic fibrosis has traditionally been done with 
liver biopsy but clinical practice has been changing, part-
ly because liver biopsy has several disadvantages: it is 
invasive; it is associated with rare but serious compli-
cations; and it is prone to sampling error representing 
a tiny portion of the total liver volume. An increasing 
number of non-invasive liver fibrosis assessment have 
been developed. These include elastographic methods 
involving ultrasound (US) and magnetic resonance (MR) 
imaging. In this review article we discuss the different 
ultrasound-based elastography techniques, their clinical 
applications and various confounding factors in the as-
sessment of hepatic fibrosis that may affect the accuracy 
of the measurements. 
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INTRODUCTION

Chronic liver disease remains a substantial worldwide prob-
lem. Although the underlying etiologies differ, with viral 
hepatitis, non-alcoholic fatty liver disease (NA-FLD) and 
alcohol remain common causes, the end result is similar 
– increasing deposition of fibrous tissue within the liver, 
leading to progressive fibrosis and development of hepatic 
cirrhosis and subsequently to portal hypertension, hepatic 
insufficiency and carcinogenesis.1,2

Hepatic fibrosis is a dynamic process leading to a progres-
sion of disease stages from no fibrosis to cirrhosis. Accurate 
estimation of liver fibrosis is crucial for determining the stage 
of the disease, assessing the patient’s prognosis and predict-
ing treatment response.3 Although percutaneous liver biopsy 
is considered the reference standard for the assessment of 
hepatic fibrosis, it has several inherent limitations, and its 
use has been declining over recent years.2 Liver biopsy is an 
invasive procedure having potential complications including 
pain and bleeding which can be severe in 1% of the cases,4,5 

and a procedural mortality rate of approximately 0.01%,6,7 
which reduce patient’s acceptance and limit its suitability 
for repeated measurements and disease monitoring. Also, 
liver biopsy is prone to sampling error representing approxi-
mately 1/50,000th of the total liver volume.8,9 An increasing 
number of non-invasive liver fibrosis assessment have been 
developed. These include elastographic methods involving 
ultrasound (US) and magnetic resonance (MR) imaging. 

The aim of this review is to discuss the different ultra-
sound-based elastography techniques, their clinical appli-
cations and various confounding factors in the assessment 
of hepatic fibrosis that may affect the accuracy of the 
measurements. 

ULTRASOUND-BASED ELASTOGRAPHY
There are three main ultrasound-based elastography meth-
ods to evaluate tissue stiffness: transient elastography (TE); 
point shear wave elastography (pSWE) and two-dimensional 
shear wave elastography (2D SWE). In each of these tech-
niques, the patient is placed in the supine position with the 
right side slightly elevated (approximately 30 degrees) and 
the right arm raised above the head to increase the intercostal  
acoustic window. 

TE technique
The FibroScan® system (Echosens, Paris, France) was the first 
commercially available TE system, introduced in Europe in 
2003 and was approved by the Food and Drug Administration 
in the United States of America in 2013. TE is an inexpen-
sive system used as a “point of care” tool. Although it is an 
US-based technique, it does not provide direct imaging guid-
ance – the probe is typically positioned based on anatomic 
landmarks at the level of the dullest point over the liver, 
typically in the 9th–11th intercostal along the right axil-
lary line. Different frequency probes are available to allow 
the evaluation of different size patients including children. 
TE uses a mechanical piston to generate a resulting shear 
wave that propagates into the underlying liver. The ultra-
sound probe provides an image showing the propagation of 
the shear wave over time (shear wave speed) in the region 
of interest (ROI) called the elastogram box, placed approx-
imately 6 cm deep (Figure 1). The shear wave speed is con-
verted to elasticity utilizing Young’s modulus and displayed 
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in Kilopascals (KPa). The software determines whether the 
obtained measurement is valid or not; the machine will not 
report a value if inadequate. The procedure is considered to 
have failed when no value could be obtained following at 
least 10 attempts. The examination is deemed valid when: 
(1) at least 10 valid measurements are obtained; (2) The ratio 
of valid measurements/ the total number of shots is > 0.6; (3) 
the interquartile ratio (IQR)/ median value < 0.3 – the IQR is 
the difference between the 75th and 25th percentiles, essen-
tially the middle 50% of the data. 

Since TE has been available since 2003, there have been 
many studies supporting its use. Thresholds for the differ-
entiation of the degree of fibrosis all the way to cirrhosis 
have been provided with TE based on many original works 
using histology as the reference standard.10 Limitations of 
this technique are: (1) the lack of grayscale images to guide 
the placement of the elastogram box and to provide diag-
nostic images of the liver parenchyma i.e. potential liver 
lesion(s), biliary tree and hepatic vasculature; (2) the probe 
needs recalibration every 6–12 months for reliable measure-
ments; (3) inability to use it in patients with ascites and large  
body habitus. 

pSWE technique
At present, most ultrasound manufacturers have developed 
their own liver stiffness quantification technologies. They 
all share the capacity to assess tissue deformation and to 
measure the speed of shear waves travelling perpendicular to 
the axis of an applied force consisting of ultrasound energy 
known as acoustic radiation force impulse (ARFI). These 
technologies are collectively known as shear-wave elastog-
raphy (SWE) with the two main categories being pSWE (point 
shear wave elastography) and 2D SWE (two-dimensional 
shear wave elastography).2,11 In pSWE the shear wave speed is 
calculated in a small selected ROI measuring approximately 
0.5 to 1cc (Figure 2) in meters per second and is converted 

to elasticity utilizing Young’s modulus and displayed in 
kPa.2 Advantages of this technique over TE are its ability to 
acquire real-time grayscale images allowing the operator to 
avoid placing the ROI over potential masses, blood vessels 
and bile ducts, and to perform a diagnostic ultrasound exam-
ination at the same setting. With both pSWE and 2D SWE 

Figure 1. Schematic of transient elastography system showing a shear 

wave, created by a mechanical piston, propagating through the liver. 

The speed of the shear wave is measured by the ultrasound wave in the 

elastogram box (yellow rectangle).

Figure 3. 2D SWE image in a 41-year-old female patient with history 

of chronic hepatitis C. Note the rectangular box placed in the right lobe 

of the liver away from major vessels (arrows), which is the field of view 

where shear waves are measured and color coded. The round circle 

is the ROI where the measurement is obtained (measurement # 10 is 

shown). The software provides the median, the IQR and IQR/median 

(5.4 KPa, 0.55 KPa and 0.10 respectively in this patient). GB: gallbladder.

Figure 2. Grayscale ultrasound image from a pSWE study showing the 

white box representing the ROI where the measurement is obtained. 

Note the adjacent vessels (white arrows) that were avoided during the 

placement of the ROI. HV: Hepatic vein. IVC: Inferior vena cava. 
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technologies, the consensus recommendation is to obtain 10 
measurements from the right lobe of the liver and confirm 
the IQR/median value < 0.3 if the reported stiffness value is 
> 7.1 KPa (1.5 m/sec).

2D SWE 
In 2D SWE the shear wave speed is calculated in a rela-
tively large field of view (FOV), of approximately 14 to 20 
cc. Within this FOV an ROI is placed to obtain measure-
ments from this location (Figure 3). Like with pSWE, the 
speed of the shear waves is calculated in meters per second 
and is converted to elasticity utilizing Young’s modulus and 
displayed in KPa. Advantages of 2D SWE are its ability to 
acquire real-time grayscale images allowing the operator to 
place the FOV avoiding potential masses, vessels and bile 
ducts and to perform a diagnostic ultrasound examination 
like in pSWE. The larger area of measurements compared 
to pSWE allows for a larger ROI for the averaging of mea-
surements.2 2D SWE is proven a highly accurate method in 
hepatitis B virus (HBV) and hepatitis C virus (HCV) infected 
populations.12,16 Although less well studied than pSWE and 
TE as it is a newer technique, 2D SWE has been found to be 
equivalent if not better than both technologies,13,16 and can 
be used with equivalent diagnostic accuracy.   

Clinical applications of liver ultrasound elastography
Current guidelines including the AASLD and EASL recom-
mend the use of ultrasound elastography to assess the degree 
of hepatic fibrosis.17,18 Apart from chronic hepatitis B and C, 
ultrasound elastography has also been used to assess hepatic 
fibrosis in patients with alcoholic liver disease, nonalcoholic 
fatty liver disease, primary sclerosing cholangitis and others. 
One major benefit of noninvasive ultrasound elastography is 
that the examination can be readily repeated, as a standalone 
test or during diagnostic liver ultrasound examination. 

Early studies proved a positive correlation between 
hepatic fibrosis and portal hypertension, which in turn is 
correlated with the development of gastric and esophageal 
varices.19 Recent international guidelines recommend a TE 
elasticity of 20 KPa and a platelet count of 150,000/µL as a 
threshold to obviate the need for gastroscopic examination 
in cirrhotic patients.17,18 

Initial studies suggest that ultrasound elastography can 
play a role in establishing the prognosis of patients with 
chronic liver disease; patients with higher hepatic elasticity 
are at greater risk to develop hepatocellular carcinoma, gas-
tric varices with or without hemorrhage, hepatic decompen-
sation and have a higher mortality.20

Confounding factors in the assessment of hepatic fibrosis
While SWE techniques are relatively easy for an experi-
enced sonographer to learn and perform, a good intercoastal 
window allowing adequate visualization of the right lobe 
of the liver and the push of a button are not the only con-
siderations. It is crucial to consider different technical and 

patient related factors that can affect the stiffness values, the 
main ones are summarized in Table 1. Most patient-related 
confounding factors increase the stiffness values therefore, 
a normal value of elastography (< 5 KPa) can be accepted as 
normal, whereas an increased value must be taken in clinical 
context.1,2 Several studies comparing different technologies 
on the same patient cohort have demonstrated inter-sys-
tem variation for SWE estimation of liver fibrosis. Further-
more, machines from different manufacturers are based on 
proprietary technologies, resulting in different calibration 
and stiffness ranges among each other and in comparison to 
TE.1,13 A general conclusion we can draw is that normal lev-
els of stiffness firmly indicate the absence of any significant 
fibrosis, irrespective of the manufacturer and are obtained 
with high reproducibility. Conversely, thresholds for higher 
levels of stiffness and therefore higher fibrosis stages are 
strictly related to each technology and manufacturer. 

Confounding 
factors

Liver 
stiffness 

Comments

Right heart 
failure

Increased Evidence of right heart failure and 
liver congestion can be seen on 
grayscale and Duplex ultrasound.  

Biliary obstruction Increased Can be seen on grayscale 
ultrasound.

Necro-
inflammatory 
activity

Increased Elevated transaminase levels > 5 
times normal values. Increased liver 
stiffness associated with severe 
hepatic steatosis is attributed to 
increased necroinflammatory activity.

Digestion Increased Liver stiffness measurements 
obtained within 0 to 3 hours from a 
meal may overestimate the degree 
of liver fibrosis. Examination should 
be obtained after fasting.

Amyloidosis Increased 

Alcohol 
consumption

Increased In patients with alcoholic hepatitis, 
it is recommended to ascertain the 
quantity and recency of alcohol 
consumption related to the timing  
of the examination.

Alcohol 
abstinence 

Decreased In patients with alcoholic hepatitis, 
it is recommended to ascertain the 
quantity and recency of alcohol 
consumption related to the timing  
of the examination.

Anti-viral therapy Decreased

Subcapsular 
and left lobe 
measurements

Increased ROI should be placed 1.5–2 cm 
deep to the liver capsule to avoid 
reverberation artifacts and increased 
subcapsular stiffness within 1 cm 
from the capsule. 
Measurements obtained in the left 
lobe are affected by the cardiac 
activity.

Table 1. Confounding factors in liver ultrasound elastography.
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CONCLUSION

Liver ultrasound elastography has evolved into an accurate 
method for noninvasive diagnosis and monitoring of liver 
fibrosis of various etiologies. There are several methods for 
performing liver elastography, including TE, pSWE, and 2D 
SWE. While each method may be appropriate, they differ in 
how the shear wave is generated and in what measurements 
are taken, with pSWE and 2D SWE having the advantage 
of real-time ultrasound imaging for accurate measurement 
placement and performing a diagnostic ultrasound survey-
ing for the sequelae of chronic liver disease. Interpretation 
of the results should consider potential confounding factors 
and technical limitations.
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