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Noninvasive assessment of hepatic fibrosis: Ultrasound-
based elastography

INTRODUCTION

Liver disease is an important problem worldwide. Accurately diagnosing liver fibrosis is the
most important factor for determining the stage of the disease, assessing the patient's
prognosis, and predicting treatment responses [1-6]. This is true for a wide range of disorders,
including viral hepatitis, alcohol- and nonalcohol-associated fatty liver disease, drug-induced
liver injury, primary biliary cholangitis, and autoimmune hepatitis. Ultrasound-based
elastography provides noninvasive approaches for assessing hepatic fibrosis.

This topic will review the use of ultrasound-based elastography for assessing liver fibrosis.
Other methods for assessing liver fibrosis, including liver biopsy, magnetic resonance
elastography, and serologic testing, are discussed separately. (See "Approach to liver biopsy"
and "Histologic scoring systems for chronic liver disease" and "Noninvasive assessment of
hepatic fibrosis: Overview of serologic tests and imaging examinations".)

ROLE OF ULTRASOUND-BASED ELASTOGRAPHY

Ultrasound-based elastography is primarily used as an alternative to liver biopsy for the
assessment of hepatic fibrosis. It can also be used to predict complications in patients with
cirrhosis. Society guidelines on the use of ultrasound elastography of the liver are available [7-
10].
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Ultrasound-based elastography has been studied for the evaluation of focal liver lesions, but
because of limitations, such as limited depth of penetration and overlap of values, it is not
generally recommended for this application.

Assessing hepatic fibrosis — Assessing hepatic fibrosis has traditionally been done with liver
biopsy but clinical practice has been changing because liver biopsy has several disadvantages: it
is invasive; it is associated with rare but serious complications; and it can only sample a small
portion of the liver parenchyma, making it susceptible to sampling variation [11]. To overcome
these problems, alternative noninvasive serologic and radiographic methods have been
developed to assess hepatic fibrosis ( table 1). One of the more commonly used ultrasound-
based techniques for assessing hepatic fibrosis is transient elastography, a shear wave
elastography technique. Other ultrasound-based techniques include acoustic radiation force
impulse (ARFI) techniques (eg, point-shear wave elastography [SWE], two-dimensional-SWE).
(See 'Shear wave speed measurements using acoustic radiation force impulse (ARFI)' below.)

Predicting complications — In patients with cirrhosis, elastography can be used to predict
complications (including the development of large varices and hepatocellular carcinoma) and
mortality. (See 'Efficacy of transient elastography' below.)

Evaluation and detection of focal liver lesions — Ultrasound-based elastography methods
have been studied for the detection and characterization of focal liver lesions ( image 1 and

image 2 and image 3) [12-14]. Because most focal liver lesions are stiffer than the
surrounding liver parenchyma, ultrasound-based elastography may provide reliable
quantitative stiffness information of focal liver lesions, however, it cannot yet reliably
differentiate benign from malignant lesions [12,15]. Focal nodular hyperplasia is the stiffest
benign lesion [16,17]. For patients with hepatocellular carcinoma, stiffness values measured in
the liver parenchyma at more than 2 cm from the lesion are more reliable than measurements
closer to the lesion [18]. In addition, the limited depth of penetration limits the ability of
ultrasound-based elastography to detect lesions. The main limitation is the overlap of values. As
a result, ultrasound-based elastography is not yet recommended for the differentiation of
benign from malignant liver lesions. Ultrasound-based elastography can be considered in
patients with newly detected focal liver lesions to determine stiffness of the liver parenchyma
and, therefore, if the patient is at risk. The analysis of liver viscosity parameters may provide
additional viscoelastic information about focal liver lesions before surgical intervention [19].

DETERMINANTS OF LIVER STIFFNESS
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Liver stiffness (elasticity and viscosity) depends on many factors. Fibrosis is an important factor
contributing to liver stiffness and is often the factor focused on in studies [20-25]. However,
other factors also influence liver stiffness, including:

Because of the influence of heart failure/central venous pressure and eating on liver stiffness,
cardiopulmonary disease should be excluded prior to performing ultrasound-based
elastography and patients undergoing ultrasound-based elastography should be fasting.

PRINCIPLES BEHIND ULTRASOUND-BASED ELASTOGRAPHY

There are two primary ultrasound-based elastography techniques used in clinical practice for
evaluating liver stiffness: shear wave elastography (SWE) and strain elastography. Both use
mechanical excitation of the hepatic parenchyma with monitoring of the resulting tissue
response. Fibrotic tissue differs from healthy tissue in the way it responds to excitation (shear
waves propagate faster in fibrotic tissue, and fibrotic tissue when compressed shows less strain
displacement than healthy tissue).

SWE and strain elastography differ in the way the external mechanical excitation is applied and
what quantity is measured [45-47]. SWE is able to quantify elasticity and has been described as
a dynamic method. Strain elastography is semiquantitative and does not directly measure
elasticity but rather determines elasticity relative to other structures. It has been described as a
quasistatic method. For both techniques, colored elastograms are superimposed on
conventional ultrasound B-mode images.

Shear wave elastography — Shear waves can be generated from external pressure and
transducer derived vibration and from acoustic radiation force impulse (ARFI). Shear waves
propagate in any solid medium, including biologic tissue. They can be generated in tissues
when a directional force is applied to the tissue, causing shear deformation [48]. Liver stiffness
measurements are based on shear wave propagation speed and the density of the material the

Inflammation from causes such as acute or chronic liver failure, acute hepatitis, acute-on-
chronic hepatitis, and chronic viral hepatitis [26-29]

●

Blood volume●

Liver perfusion●

Possibly fatty infiltration [30-37].●

Cholestasis [38]●

Heart failure (acute or chronic)/central venous pressure [39]●

Whether the patient has eaten [28,40-44]●
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shear wave is travelling through [48-50]. The shear wave speed is related to the liver
parenchyma stiffness, with faster wave progression seen in stiffer tissue [51,52].

There are several methods for performing SWE, including transient elastography [53-56], point-
SWE [57-59], and two-dimensional (2D)-SWE [60-62]. The methods differ in how the shear wave
is generated and in what measurements are taken. In transient elastography, the shear waves
are generated by a mechanical piston with a single-element ultrasound transducer. It is used to
lightly push the skin over an intercostal space, resulting in a shear wave that travels through the
liver. Measurements are then taken along the direction of the ultrasound beam. Point-SWE and
2D-SWE use ARFI to generate shear waves. ARFI uses focused acoustic radiation force "push"
pulses to deform tissue and generate shear waves of low amplitude [63,64]. The resulting shear
waves are tracked, and the distribution of displacement or its normalized value is displayed [48-
50]. Shear wave speed measurements are taken either from one small area (usually 5 by 10 mm,
point-SWE) or from sequential measurement points (2D-SWE) [7,48,52].

Strain elastography — For strain elastography, the external mechanical excitation force is
applied by compressing the liver (by transducer, cardiovascular pulsation, or respiratory
motion). Tissue displacement is measured and is converted to a strain image that is the
percentage of displacement [48]. Fibrous tissue displaces less than normal parenchyma and
strain images from fibrotic tissue will indicate less strain relative to normal tissue ( image 2).

TRANSIENT ELASTOGRAPHY

Transient elastography is performed using transducer-induced vibrations at a low frequency (50
Hz) and amplitudes. The transmitted shear waves propagate through the liver parenchyma.
Pulse-echo ultrasound acquisition is used to follow the propagation of the shear wave and to
measure its average speed ( image 4) [45]. Results are expressed in kPa and can range from
2.5 to 75 kPa [51]. Cutoff values for diagnosing significant fibrosis (F≥2) or cirrhosis (F4) vary
depending on the underlying liver disease. However, commonly used cutoffs in clinical settings
are >7 kPa for significant fibrosis (F2 to F4) and >11 to 14 kPa for cirrhosis. Transient
elastography does not allow differentiation between the contiguous stages of liver fibrosis [65-
67].

Optimal cutoff values for diagnosing cirrhosis appear to be lower for patients with chronic
hepatitis B virus (HBV) than for patients with hepatitis C virus (HCV). Studies in patients with
chronic HCV report optimal cutoff values of 11 to 14 kPa for cirrhosis [50,68,69]. In patients with
chronic HBV, the cutoff values for diagnosing cirrhosis are between 9.0 and 10 kPa, based on
studies performed primarily in Asian populations [70-74]. The diagnostic accuracy of transient
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elastography for identifying liver fibrosis in patients with chronic hepatitis B was also
demonstrated in several meta-analyses [75-77].

Measurements are taken from the right lobe of the liver via the 9 , 10 , or 11  intercostal
space [78]. Transient elastography measurements are taken from representative cylindrical
areas approximately 10 mm wide and 40 mm long. Transient elastography is performed with a
standard M probe, an XL probe (for patients with obesity [79]), or an S probe (for children and
patients with narrow intercostal spaces) [48-50,79-83].

Efficacy of transient elastography — Transient elastography has primarily been evaluated in
patients with chronic HCV and in predominantly Asian populations with chronic HBV and other
liver diseases. Overall, for diagnosing significant fibrosis (F≥2), it has an estimated sensitivity of
70 percent and an estimated specificity of 84 percent [53]. For diagnosing cirrhosis, the
sensitivity and specificity are estimated to be 87 and 91 percent, respectively. Several studies
have been performed in patients with NAFLD [37,84,85], and guidelines on the use of
elastography for patients with other etiologies of liver disease have been published [10].

Multiple studies have described test characteristics of transient elastography. At least four
meta-analyses have been published [53,55,86,87]. One meta-analysis that included 50 studies
estimated test characteristics by reporting the area under the receiver operator characteristic
(ROC) curve [55]:

An earlier meta-analysis of nine studies provided summary estimates in terms of sensitivity and
specificity [53].

Transient elastography has good inter- and intraobserver agreement in patients without obesity
[78,88-91]. As an example, in a study with 200 patients with various liver diseases examined by
two operators, reproducibility was high, with intraclass correlation coefficients (ICCs) of 0.98 for

th th th

The mean areas under the ROC curves for the diagnosis of significant fibrosis (F≥2), severe
fibrosis (F≥3), and cirrhosis (F4) were 0.84, 0.89, and 0.94, respectively (with a value of 1
corresponding to a perfect test).

●

Estimates for diagnosis of significant fibrosis were influenced by the type of underlying
liver disease and the cutoff level for diagnosing cirrhosis. The most consistent findings
were in patients with HCV.

●

For diagnosing significant fibrosis (F≥2), the sensitivity was 70 percent and the specificity
was 84 percent.

●

For diagnosing cirrhosis, the sensitivity was 87 percent and the specificity was 91 percent.●
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inter- and intraobserver agreement; however, interobserver agreement was lower in patients
with mild fibrosis, steatosis, or an increased body mass index (BMI >25 kg/m ) [78].

Liver stiffness values may also be associated with complications and prognosis [92-97]. In a
meta-analysis of 17 studies with 7058 patients with chronic liver disease, baseline liver stiffness
was associated with the risk of hepatic decompensation (relative risk [RR] 1.07, 95% CI 1.03-
1.11), hepatocellular carcinoma development (RR 1.11, 95% CI 1.05-1.18), and death (RR 1.22,
95% CI 1.05-1.43) [92]. Examples of individual studies that have looked at the association of liver
stiffness with prognosis include:

Limitations of transient elastography — Limitations of transient elastography include lack of
anatomic orientation, limited depth of penetration, and specific requirements for patient
positioning [36,78]. In addition, fluid and adipose tissue attenuate shear wave propagation
[36,39]. These limitations may result in failed examinations in patients with obesity, patients
with anatomic distortions, patients with ascites, and patients with elevated central venous
pressures [88].

A total failure rate of 3.1 percent was reported in a series of 13,369 transient elastography
examinations [36]. In addition, results were deemed unreliable in an additional 16 percent of
examinations. Factors associated with unreliable results included BMI >30 kg/m , age >52 years,
female sex, operator inexperience, and type 2 diabetes mellitus. Hepatic inflammation may also
reduce the accuracy of the test [28,98-101]. Finally, hepatic steatosis may decrease the accuracy
of transient elastography [99,102]. In a study of 253 patients with nonalcoholic fatty liver

2

A study of 239 patients coinfected with human immunodeficiency virus (HIV) and HCV [93].
Cirrhosis was defined by a liver stiffness of >14 kPa. During a median follow-up of 20
months, patients with liver stiffness values ≥40 kPa were more likely to develop
decompensation than those with values <40 kPa (29 versus 8 percent). On multivariable
analysis, liver stiffness was a predictor of decompensation during follow-up (for each kPa
increase, the hazard ratio was 1.03, 95% CI 1.01-1.05).

●

A study of 92 patients undergoing hepatectomy for hepatocellular carcinoma [94]. A liver
stiffness of >15.7 kPa was a risk factor for postoperative liver failure (sensitivity 96 percent,
specificity 69 percent).

●

A study of 1000 patients with cirrhosis [96]. Mean liver stiffness values were higher in
patients with grade 2 or 3 varices compared with patients without esophageal varices or
with grade 1 varices (45 versus 26 kPa). Among patients with esophageal varices, mean
liver stiffness values were higher among those with a history of variceal bleeding
compared with those who had never bled (52 versus 35 kPa).

●

2

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/78
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/92-97
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/92
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/36,78
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/36,39
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/88
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/36
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/28,98-101
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/99,102
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/93
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/94
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/96


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment of … 7/34

disease (NAFLD), the degree of fibrosis was often overestimated in patients with severe
steatosis (≥66 percent), however, these results were not confirmed in other studies [37,102].

Special probes have been developed in an attempt to improve accuracy in assessing the degree
of liver fibrosis in overweight patients (XL probe) and children (S probe) [7,30,31,103].

SHEAR WAVE SPEED MEASUREMENTS USING ACOUSTIC RADIATION FORCE
IMPULSE (ARFI)

Shear wave speed measurement using ARFI is an alternative to transient elastography. An
advantage of the ARFI technique (point-shear wave elastography [SWE] and two-dimensional
[2D]-SWE) compared with transient elastography is that ARFI technique combines conventional
ultrasound with liver stiffness measurements. In addition, methods that use ARFI can obtain
liver stiffness values in patients with ascites [104] and may be less influenced by obesity than
transient elastography [105]. In one study with 23 patients with a mean body mass index >44
kg/m  who underwent point-SWE, valid liver stiffness measurements were obtained in all 23
patients [106].

Point-shear wave elastography — Point-shear wave elastography simultaneously displays the
shear wave speed and conventional ultrasound images ( image 5). The liver stiffness
measurement is guided by conventional grayscale ultrasound. The same transducer is used to
generate the shear waves and to assess their propagation. The sensitivity of point-SWE for the
diagnosis of significant (F≥2) fibrosis is approximately 75 percent, and for diagnosing cirrhosis
(F4) is approximately 90 percent [107,108]. Approximate specificities are 85 and 87 percent,
respectively. Similar to other elastography techniques, point-SWE does not allow differentiation
between the contiguous stages of liver fibrosis [50].

A right intercostal approach is preferred when performing point-SWE, similar to the transient
elastography examination technique. Minimal transducer pressure and a short breath hold in
the mid-respiratory position (avoiding breath hold in deep inspiration) are recommended to
improve the reproducibility of measurements. Liver stiffness is reported as an average value
within a region of interest (point measurement). The values are reported as either shear wave
speed (m/s) or converted to kPa (elastic modulus). In general, the measured speed may be
converted into stiffness values: velocity squared and multiplied by three. The shear wave
propagation speed is proportional to the square root of the tissue elasticity divided by three.

Efficacy of point-shear wave elastography — Point-SWE has been shown to be useful for
diagnosing hepatic fibrosis in patients with chronic hepatitis C virus infection [22,58,109-112],
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chronic hepatitis B virus infection [113,114], nonalcoholic fatty liver disease [115,116], and
alcoholic liver disease [117].

A meta-analysis that included nine studies with a total of 518 patients with chronic liver disease
evaluated the overall diagnostic performance of point-SWE for staging liver fibrosis [108].
Optimal cutoff values for diagnosing liver fibrosis with their respective sensitivities and
specificities were:

Point-SWE permits comparison of measurements at different sites in the right and left lobes of
the liver. Higher values are often noted in the left lobe of the liver ( table 2), but the accuracy
of point-SWE appears to be higher in the right lobe of the liver compared with the left lobe
[49,118-120].

Comparison with transient elastography — A meta-analysis of 13 studies with 1163 patients
with chronic liver disease compared point-SWE with transient elastography, using liver biopsy as
a gold standard [107]. It found that point-SWE had a lower failure rate than transient
elastography (2.1 versus 6.6 percent). The sensitivities of point-SWE and transient elastography
were similar for diagnosing significant fibrosis (F≥2; 74 and 78 percent, respectively) and
cirrhosis (87 and 89 percent, respectively), as were the specificities (F≥2: 83 and 84 percent,
respectively; cirrhosis: 87 percent for both modalities).

Limitations of point-shear wave elastography — The limitations associated with
conventional ultrasound also apply to point-SWE (eg, operator dependent). Another limitation is
that necroinflammatory activity (reflected by elevated aminotransferase levels) has been
associated with overestimation of hepatic fibrosis [24,58]. The same is true for all SWE
techniques.

Two-dimensional shear wave elastography — Two-dimensional (2D)-SWE produces an image
of the liver which is color-coded, using several ARFI lines to capture the propagation of the
resulting shear waves in real time ( image 6) [121,122]. Like point-SWE, 2D-SWE can be used
in patients with ascites [49]. Studies suggest that the sensitivity for diagnosing significant
fibrosis (F≥2) is 77 to 83 percent, with a specificity of 82 to 83 percent [123-125]. The sensitivity
for diagnosing cirrhosis is 81 to 85 percent, with a specificity of 61 to 83 percent.

2D-SWE examination is performed under conventional ultrasound guidance using a
conventional ultrasound probe. The right intercostal approach is preferred, similar to the

F≥2: 1.34 m/s, sensitivity 79 percent, specificity 85 percent●

F≥3: 1.55 m/s, sensitivity 86 percent, specificity 86 percent●

F4: 1.80 m/s, sensitivity 92 percent, specificity 86 percent●

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/113,114
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/115,116
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/117
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/108
https://www3.utdos.ir/contents/image?imageKey=GAST%2F97040&topicKey=GAST%2F96717&search=Noninvasive%20assessment%20of%20hepatic%20fibrosis_%20Ultrasound-based%20elastography&rank=1%7E150&source=see_link
https://www3.utdos.ir/contents/image?imageKey=GAST%2F97040&topicKey=GAST%2F96717&search=Noninvasive%20assessment%20of%20hepatic%20fibrosis_%20Ultrasound-based%20elastography&rank=1%7E150&source=see_link
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/49,118-120
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/107
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/24,58
https://www3.utdos.ir/contents/image?imageKey=GAST%2F97041&topicKey=GAST%2F96717&search=Noninvasive%20assessment%20of%20hepatic%20fibrosis_%20Ultrasound-based%20elastography&rank=1%7E150&source=see_link
https://www3.utdos.ir/contents/image?imageKey=GAST%2F97041&topicKey=GAST%2F96717&search=Noninvasive%20assessment%20of%20hepatic%20fibrosis_%20Ultrasound-based%20elastography&rank=1%7E150&source=see_link
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/121,122
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/49
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/123-125


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment of … 9/34

transient elastography examination technique. However, unlike transient elastography, other
approaches may also be used. The patient lies down in the supine position, with the right arm in
maximum abduction. This makes the right hypochondrium accessible. The probe must be
placed parallel to the intercostal window to avoid shadowing from the ribs. A breath suspension
in the mid-respiratory phase (avoiding breath hold in deep inspiration) improves the
reproducibility of measurements. The shear wave elastography map should be moved to an
area that is free of blood vessels with a uniform image on B-mode, at least 2 cm below the liver
capsule. The region of interest is placed in the central area of the shear wave elastography map,
over an area of relative homogeneous elasticity (which is true also for point-SWE).

Efficacy of 2D-shear wave elastography — The optimal cutoff values for diagnosing liver
fibrosis with their respective sensitivities and specificities were estimated in a series of 383
patients who underwent 2D-SWE [123]:

Similar results were seen in a second study that included 336 patients who underwent 2D-SWE
[124]:

The study also compared the accuracy of 2D-SWE with point-SWE and transient elastography.
The accuracy of 2D-SWE was higher than that of transient elastography for diagnosing severe
fibrosis (F≥3) and higher than that of point-SWE for diagnosing significant fibrosis (F≥2). There
were no significant differences among the three techniques for the diagnosis of mild fibrosis or
cirrhosis. Studies suggest that interobserver agreement for 2D-SWE is good [126].

A technical guide to performing SWE of the liver has been published [127,128].

Limitations of 2D-shear wave elastography — The limitations of 2D-SWE are likely similar to
those seen with point-SWE. (See 'Limitations of point-shear wave elastography' above.)

STRAIN ELASTOGRAPHY

F≥1: 7.1 kPa, sensitivity 75 percent, specificity 78 percent●

F≥2: 7.8 kPa, sensitivity 77 percent, specificity 83 percent●

F≥3: 8.0 kPa, sensitivity 92 percent, specificity 76 percent●

F4: 11.5 kPa, sensitivity 81 percent, specificity 61 percent●

F≥1: 7.8 kPa, sensitivity 68 percent, specificity 100 percent●

F≥2: 8.0 kPa, sensitivity 83 percent, specificity 82 percent●

F≥3: 8.9 kPa, sensitivity 90 percent, specificity 81 percent●

F4: 10.7 kPa, sensitivity 85 percent, specificity 83 percent●
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Strain elastography (also referred to as quasistatic imaging, strain imaging, or real-time tissue
elastography) measures the strain response of tissue to stress, such as manual compression or
cardiovascular pulsation, and is a relative measurement of tissue elasticity [45,129]. While strain
elastography has been used successfully to evaluate lesions in the breast [130-132], thyroid
[133], pancreas [134,135], and lymph nodes [134,136], its role in the assessment of liver fibrosis
is unclear because experience with it in this setting is limited, it is a nonquantitative technique,
and there is a lack of standardization [48-50,137-141].

Strain elastography analyzes the strain profile generated along the ultrasound beam as a result
of external compression caused by a transducer or the movement of the surrounding tissue (eg,
by pulsation of the aorta). Because the liver is deeply located, compression applied at the body
surface may not be readily transmitted, making it difficult to elicit strain from the body surface.
Therefore, strain induced by cardiovascular pulsation is typically used for evaluation of liver
fibrosis [140]. Results are displayed as a color-coded overlay of the grayscale (B-mode) image
( image 7). The distribution of strain values can be displayed as a histogram and
measurements such as mean strain, standard deviation from the mean, and percentage of blue
pixels can be made and have been shown to correlate with increasing degrees of liver fibrosis
[140,141].

Strain elastography is performed during a normal liver ultrasound examination. The transducer
is placed in a right intercostal space for assessing the right lobe of the liver and in the epigastric
region for the left lobe [142]. Where to obtain measurements varies in published studies, but
the area must not contain large blood vessels [143]. Different methods for recording and
analysis of the data have been published [137,140]; however, none are well established.

Efficacy of strain elastography — Strain elastography has been studied in the liver primarily
for assessing liver fibrosis and investigating liver tumors. Several different elasticity score
methods have been published [137,138,144]. In a meta-analysis of 15 studies with 1626
patients, the sensitivities of strain elastography for significant fibrosis (F≥2), severe fibrosis
(F≥3), and cirrhosis (F4) were 79, 82, and 74 percent, respectively [145]. Specificities were 76, 81,
and 84 percent, respectively. However, the authors noted that the sensitivity and specificity may
have been overestimated because there were signs of publication bias.

In a study that compared strain elastography with point-shear wave elastography (SWE) and
transient elastography, there was no significant difference among the three techniques for the
diagnosis of cirrhosis, but point-SWE and transient elastography performed better than strain
elastography in predicting significant fibrosis [146].
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Initially reported intraobserver variability and interobserver agreement for the assessment of
liver fibrosis were relatively low [141,147,148]. More recently, the elastic ratio of measurements
obtained from four separate locations between two operators showed better agreement (kappa
= 0.84) [149].

Limitations of strain elastography — The biggest limitations of strain elastography are that it
is a nonquantitative technique and it is not standardized. However, variability among examiners
with proper training is reportedly low [149]. Although elastography images can be obtained in
patients with ascites, in this setting strain elastography may depict the liver as hard, irrespective
of its elasticity because of the influence of the surrounding ascites [147]. In addition, strain
elastography may incorrectly display areas of the liver near the ribs or near the liver's surface as
hard.

SUMMARY

Disadvantages of liver biopsy include the fact that it is invasive, it is associated with rare
but serious complications, and it can only sample a small portion of the liver parenchyma,
making it susceptible to sampling variation. To overcome these problems, alternative
noninvasive methods such as ultrasound-based elastography have been developed to
assess hepatic fibrosis ( table 1). (See 'Role of ultrasound-based elastography' above and
"Noninvasive assessment of hepatic fibrosis: Overview of serologic tests and imaging
examinations".)

●

While ultrasound-based elastography is primarily used to assess hepatic fibrosis, it can
also be used to predict complications in patients with cirrhosis. Ultrasound-based
elastography has been studied for the evaluation of focal liver lesions, but because of
limitations such as limited depth of penetration, it is not recommended for this
application. (See 'Role of ultrasound-based elastography' above.)

●

The ultrasound-based elastography technique used in clinical practice for evaluation of
liver stiffness is shear wave elastography (SWE). Fibrotic tissue differs from healthy tissue
in the way it responds to excitation (ie, shear waves propagate faster in fibrotic tissue).
(See 'Principles behind ultrasound-based elastography' above.)

●

There are several methods for performing SWE, including transient elastography, point-
SWE, and two-dimensional (2D)-SWE. The methods differ in how the shear wave is
generated and in what measurements are taken. (See 'Shear wave elastography' above.)

●

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/141,147,148
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/149
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/149
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/147
https://www3.utdos.ir/contents/image?imageKey=GAST%2F97043&topicKey=GAST%2F96717&search=Noninvasive%20assessment%20of%20hepatic%20fibrosis_%20Ultrasound-based%20elastography&rank=1%7E150&source=see_link
https://www3.utdos.ir/contents/image?imageKey=GAST%2F97043&topicKey=GAST%2F96717&search=Noninvasive%20assessment%20of%20hepatic%20fibrosis_%20Ultrasound-based%20elastography&rank=1%7E150&source=see_link
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-overview-of-serologic-tests-and-imaging-examinations?search=Noninvasive%20assessment%20of%20hepatic%20fibrosis_%20Ultrasound-based%20elastography&topicRef=96717&source=see_link
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-overview-of-serologic-tests-and-imaging-examinations?search=Noninvasive%20assessment%20of%20hepatic%20fibrosis_%20Ultrasound-based%20elastography&topicRef=96717&source=see_link


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 12/34

Use of UpToDate is subject to the Terms of Use.

REFERENCES

1. Vergniol J, Foucher J, Terrebonne E, et al. Noninvasive tests for fibrosis and liver stiffness
predict 5-year outcomes of patients with chronic hepatitis C. Gastroenterology 2011;
140:1970.

2. Ngo Y, Munteanu M, Messous D, et al. A prospective analysis of the prognostic value of
biomarkers (FibroTest) in patients with chronic hepatitis C. Clin Chem 2006; 52:1887.

3. Parkes J, Roderick P, Harris S, et al. Enhanced liver fibrosis test can predict clinical outcomes
in patients with chronic liver disease. Gut 2010; 59:1245.

4. Parkes J, Guha IN, Harris S, et al. Systematic review of the diagnostic performance of serum
markers of liver fibrosis in alcoholic liver disease. Comp Hepatol 2012; 11:5.

5. Parkes J, Guha IN, Roderick P, et al. Enhanced Liver Fibrosis (ELF) test accurately identifies
liver fibrosis in patients with chronic hepatitis C. J Viral Hepat 2011; 18:23.

6. Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. Hepatology 2009; 50:661.

7. Dietrich CF, Bamber J, Berzigotti A, et al. EFSUMB Guidelines and Recommendations on the
Clinical Use of Liver Ultrasound Elastography, Update 2017 (Long Version). Ultraschall Med
2017; 38:e16.

8. Dietrich CF, Bamber J, Berzigotti A, et al. EFSUMB Guidelines and Recommendations on the
Clinical Use of Liver Ultrasound Elastography, Update 2017 (Short Version). Ultraschall Med

In transient elastography, the shear waves are generated by a mechanical piston with a
single-element ultrasound transducer. It is used to lightly push the skin over an
intercostal space, resulting in a shear wave that travels through the liver.
Measurements are then taken along the direction of the ultrasound beam. (See
'Transient elastography' above.)

•

Point-SWE and 2D-SWE use acoustic radiation force impulse (ARFI) to generate shear
waves. ARFI uses focused acoustic radiation force "push" pulses to deform tissue and
generate shear waves of low amplitude. The resulting shear waves are tracked and the
distribution of displacement or its normalized value is displayed. Shear wave speed
measurements are taken either from one small area (usually 5 by 10 mm, point-SWE) or
from sequential measurement points (2D-SWE). (See 'Shear wave speed measurements
using acoustic radiation force impulse (ARFI)' above and 'Point-shear wave
elastography' above and 'Two-dimensional shear wave elastography' above.)

•

https://www.wolterskluwer.com/en/know/clinical-effectiveness-terms
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/1
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/1
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/1
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/2
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/2
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/3
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/3
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/4
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/4
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/5
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/5
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/6
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/7
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/7
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/7
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/8
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/8


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 13/34

2017; 38:377.

9. Lim JK, Flamm SL, Singh S, et al. American Gastroenterological Association Institute
Guideline on the Role of Elastography in the Evaluation of Liver Fibrosis. Gastroenterology
2017; 152:1536.

10. Ferraioli G, Wong VW, Castera L, et al. Liver Ultrasound Elastography: An Update to the
World Federation for Ultrasound in Medicine and Biology Guidelines and
Recommendations. Ultrasound Med Biol 2018; 44:2419.

11. European Association for the Study of the Liver. Electronic address:
easloffice@easloffice.eu, Clinical Practice Guideline Panel, Chair:, et al. EASL Clinical Practice
Guidelines on non-invasive tests for evaluation of liver disease severity and prognosis -
2021 update. J Hepatol 2021; 75:659.

12. Heide R, Strobel D, Bernatik T, Goertz RS. Characterization of focal liver lesions (FLL) with
acoustic radiation force impulse (ARFI) elastometry. Ultraschall Med 2010; 31:405.

13. Ying L, Lin X, Xie ZL, et al. Clinical utility of acoustic radiation force impulse imaging for
identification of malignant liver lesions: a meta-analysis. Eur Radiol 2012; 22:2798.

14. Guibal A, Boularan C, Bruce M, et al. Evaluation of shearwave elastography for the
characterisation of focal liver lesions on ultrasound. Eur Radiol 2013; 23:1138.

15. Dong Y, Wang WP, Xu Y, et al. Point shear wave speed measurement in differentiating
benign and malignant focal liver lesions. Med Ultrason 2017; 19:259.

16. Ronot M, Di Renzo S, Gregoli B, et al. Characterization of fortuitously discovered focal liver
lesions: additional information provided by shearwave elastography. Eur Radiol 2015;
25:346.

17. Brunel T, Guibal A, Boularan C, et al. Focal nodular hyperplasia and hepatocellular
adenoma: The value of shear wave elastography for differential diagnosis. Eur J Radiol
2015; 84:2059.

18. Lu Q, Ling W, Lu C, et al. Hepatocellular carcinoma: stiffness value and ratio to discriminate
malignant from benign focal liver lesions. Radiology 2015; 275:880.

19. Dong Y, Qiu Y, Zhang Q, et al. Preliminary Clinical Experience with Shear Wave Dispersion
Imaging for Liver Viscosity in Preoperative Diagnosis of Focal Liver Lesions. Z Gastroenterol
2020; 58:847.

20. Marginean CO, Marginean C. Elastographic assessment of liver fibrosis in children: A
prospective single center experience. Eur J Radiol 2012; 81:e870.

21. Sporea I, Şirli R, Popescu A, et al. Is it better to use two elastographic methods for liver
fibrosis assessment? World J Gastroenterol 2011; 17:3824.

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/8
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/9
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/9
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/9
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/10
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/10
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/10
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/11
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/11
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/11
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/11
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/12
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/12
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/13
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/13
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/14
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/14
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/15
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/15
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/16
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/16
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/16
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/17
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/17
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/17
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/18
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/18
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/19
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/19
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/19
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/20
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/20
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/21
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/21


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 14/34

22. Sporea I, Sirli R, Bota S, et al. Is ARFI elastography reliable for predicting fibrosis severity in
chronic HCV hepatitis? World J Radiol 2011; 3:188.

23. Bota S, Sporea I, Sirli R, et al. Factors that influence the correlation of acoustic radiation
force impulse (ARFI), elastography with liver fibrosis. Med Ultrason 2011; 13:135.

24. Yoon KT, Lim SM, Park JY, et al. Liver stiffness measurement using acoustic radiation force
impulse (ARFI) elastography and effect of necroinflammation. Dig Dis Sci 2012; 57:1682.

25. Nahon P, Kettaneh A, Tengher-Barna I, et al. Assessment of liver fibrosis using transient
elastography in patients with alcoholic liver disease. J Hepatol 2008; 49:1062.

26. Fraquelli M, Rigamonti C, Casazza G, et al. Etiology-related determinants of liver stiffness
values in chronic viral hepatitis B or C. J Hepatol 2011; 54:621.

27. Coco B, Oliveri F, Maina AM, et al. Transient elastography: a new surrogate marker of liver
fibrosis influenced by major changes of transaminases. J Viral Hepat 2007; 14:360.

28. Arena U, Vizzutti F, Corti G, et al. Acute viral hepatitis increases liver stiffness values
measured by transient elastography. Hepatology 2008; 47:380.

29. Kuroda H, Takikawa Y, Onodera M, et al. Serial changes of liver stiffness measured by
acoustic radiation force impulse imaging in acute liver failure: a case report. J Clin
Ultrasound 2012; 40:99.

30. Wong VW, Vergniol J, Wong GL, et al. Liver stiffness measurement using XL probe in
patients with nonalcoholic fatty liver disease. Am J Gastroenterol 2012; 107:1862.

31. de Lédinghen V, Wong VW, Vergniol J, et al. Diagnosis of liver fibrosis and cirrhosis using
liver stiffness measurement: comparison between M and XL probe of FibroScan®. J Hepatol
2012; 56:833.

32. de Lédinghen V, Vergniol J, Foucher J, et al. Non-invasive diagnosis of liver steatosis using
controlled attenuation parameter (CAP) and transient elastography. Liver Int 2012; 32:911.

33. de Lédinghen V, Vergniol J, Gonzalez C, et al. Screening for liver fibrosis by using
FibroScan(®) and FibroTest in patients with diabetes. Dig Liver Dis 2012; 44:413.

34. Palmeri ML, Wang MH, Rouze NC, et al. Noninvasive evaluation of hepatic fibrosis using
acoustic radiation force-based shear stiffness in patients with nonalcoholic fatty liver
disease. J Hepatol 2011; 55:666.

35. Myers RP, Crotty P, Pomier-Layrargues G, et al. Prevalence, risk factors and causes of
discordance in fibrosis staging by transient elastography and liver biopsy. Liver Int 2010;
30:1471.

36. Castéra L, Foucher J, Bernard PH, et al. Pitfalls of liver stiffness measurement: a 5-year
prospective study of 13,369 examinations. Hepatology 2010; 51:828.

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/22
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/22
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/23
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/23
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/24
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/24
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/25
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/25
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/26
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/26
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/27
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/27
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/28
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/28
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/29
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/29
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/29
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/30
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/30
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/31
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/31
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/31
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/32
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/32
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/33
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/33
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/34
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/34
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/34
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/35
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/35
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/35
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/36
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/36


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 15/34

37. Eddowes PJ, Sasso M, Allison M, et al. Accuracy of FibroScan Controlled Attenuation
Parameter and Liver Stiffness Measurement in Assessing Steatosis and Fibrosis in Patients
With Nonalcoholic Fatty Liver Disease. Gastroenterology 2019; 156:1717.

38. Millonig G, Reimann FM, Friedrich S, et al. Extrahepatic cholestasis increases liver stiffness
(FibroScan) irrespective of fibrosis. Hepatology 2008; 48:1718.

39. Millonig G, Friedrich S, Adolf S, et al. Liver stiffness is directly influenced by central venous
pressure. J Hepatol 2010; 52:206.

40. Popescu A, Bota S, Sporea I, et al. The influence of food intake on liver stiffness values
assessed by acoustic radiation force impulse elastography-preliminary results. Ultrasound
Med Biol 2013; 39:579.

41. Goertz RS, Egger C, Neurath MF, Strobel D. Impact of food intake, ultrasound transducer,
breathing maneuvers and body position on acoustic radiation force impulse (ARFI)
elastometry of the liver. Ultraschall Med 2012; 33:380.

42. Goldschmidt I, Streckenbach C, Dingemann C, et al. Application and limitations of transient
liver elastography in children. J Pediatr Gastroenterol Nutr 2013; 57:109.

43. Berzigotti A, De Gottardi A, Vukotic R, et al. Effect of meal ingestion on liver stiffness in
patients with cirrhosis and portal hypertension. PLoS One 2013; 8:e58742.

44. Mederacke I, Wursthorn K, Kirschner J, et al. Food intake increases liver stiffness in patients
with chronic or resolved hepatitis C virus infection. Liver Int 2009; 29:1500.

45. Ophir J, Céspedes I, Ponnekanti H, et al. Elastography: a quantitative method for imaging
the elasticity of biological tissues. Ultrason Imaging 1991; 13:111.

46. Parker KJ, Huang SR, Musulin RA, Lerner RM. Tissue response to mechanical vibrations for
"sonoelasticity imaging". Ultrasound Med Biol 1990; 16:241.

47. Parker KJ, Doyley MM, Rubens DJ. Imaging the elastic properties of tissue: the 20 year
perspective. Phys Med Biol 2011; 56:R1.

48. Bamber J, Cosgrove D, Dietrich CF, et al. EFSUMB guidelines and recommendations on the
clinical use of ultrasound elastography. Part 1: Basic principles and technology. Ultraschall
Med 2013; 34:169.

49. Cui XW, Friedrich-Rust M, De Molo C, et al. Liver elastography, comments on EFSUMB
elastography guidelines 2013. World J Gastroenterol 2013; 19:6329.

50. Cosgrove D, Piscaglia F, Bamber J, et al. EFSUMB guidelines and recommendations on the
clinical use of ultrasound elastography. Part 2: Clinical applications. Ultraschall Med 2013;
34:238.

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/37
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/37
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/37
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/38
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/38
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/39
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/39
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/40
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/40
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/40
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/41
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/41
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/41
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/42
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/42
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/43
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/43
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/44
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/44
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/45
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/45
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/46
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/46
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/47
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/47
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/48
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/48
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/48
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/49
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/49
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/50
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/50
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/50


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 16/34

51. Castéra L, Vergniol J, Foucher J, et al. Prospective comparison of transient elastography,
Fibrotest, APRI, and liver biopsy for the assessment of fibrosis in chronic hepatitis C.
Gastroenterology 2005; 128:343.

52. Shiina T, Nightingale KR, Palmeri ML, et al. WFUMB guidelines and recommendations for
clinical use of ultrasound elastography: Part 1: basic principles and terminology.
Ultrasound Med Biol 2015; 41:1126.

53. Talwalkar JA, Kurtz DM, Schoenleber SJ, et al. Ultrasound-based transient elastography for
the detection of hepatic fibrosis: systematic review and meta-analysis. Clin Gastroenterol
Hepatol 2007; 5:1214.

54. Rockey DC. Noninvasive assessment of liver fibrosis and portal hypertension with transient
elastography. Gastroenterology 2008; 134:8.

55. Friedrich-Rust M, Ong MF, Martens S, et al. Performance of transient elastography for the
staging of liver fibrosis: a meta-analysis. Gastroenterology 2008; 134:960.

56. Sarvazyan A, Hall TJ, Urban MW, et al. AN OVERVIEW OF ELASTOGRAPHY - AN EMERGING
BRANCH OF MEDICAL IMAGING. Curr Med Imaging Rev 2011; 7:255.

57. Sporea I, Sirli R, Bota S, et al. Comparative study concerning the value of acoustic radiation
force impulse elastography (ARFI) in comparison with transient elastography (TE) for the
assessment of liver fibrosis in patients with chronic hepatitis B and C. Ultrasound Med Biol
2012; 38:1310.

58. Sporea I, Bota S, Peck-Radosavljevic M, et al. Acoustic Radiation Force Impulse elastography
for fibrosis evaluation in patients with chronic hepatitis C: an international multicenter
study. Eur J Radiol 2012; 81:4112.

59. Lupsor M, Badea R, Stefanescu H, et al. Performance of a new elastographic method (ARFI
technology) compared to unidimensional transient elastography in the noninvasive
assessment of chronic hepatitis C. Preliminary results. J Gastrointestin Liver Dis 2009;
18:303.

60. Bavu E, Gennisson JL, Couade M, et al. Noninvasive in vivo liver fibrosis evaluation using
supersonic shear imaging: a clinical study on 113 hepatitis C virus patients. Ultrasound
Med Biol 2011; 37:1361.

61. Muller M, Gennisson JL, Deffieux T, et al. Quantitative viscoelasticity mapping of human
liver using supersonic shear imaging: preliminary in vivo feasibility study. Ultrasound Med
Biol 2009; 35:219.

62. Dietrich CF, Cantisani V. Current status and perspectives of elastography. Eur J Radiol 2014;
83:403.

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/51
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/51
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/51
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/52
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/52
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/52
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/53
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/53
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/53
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/54
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/54
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/55
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/55
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/56
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/56
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/57
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/57
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/57
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/57
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/58
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/58
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/58
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/59
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/59
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/59
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/59
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/60
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/60
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/60
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/61
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/61
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/61
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/62
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/62


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 17/34

63. Nightingale K, Bentley R, Trahey G. Observations of tissue response to acoustic radiation
force: opportunities for imaging. Ultrason Imaging 2002; 24:129.

64. Nightingale KR, Palmeri ML, Nightingale RW, Trahey GE. On the feasibility of remote
palpation using acoustic radiation force. J Acoust Soc Am 2001; 110:625.

65. Degos F, Perez P, Roche B, et al. Diagnostic accuracy of FibroScan and comparison to liver
fibrosis biomarkers in chronic viral hepatitis: a multicenter prospective study (the
FIBROSTIC study). J Hepatol 2010; 53:1013.

66. Lupşor M, Badea R, Stefănescu H, et al. Analysis of histopathological changes that influence
liver stiffness in chronic hepatitis C. Results from a cohort of 324 patients. J Gastrointestin
Liver Dis 2008; 17:155.

67. Zarski JP, Sturm N, Guechot J, et al. Comparison of nine blood tests and transient
elastography for liver fibrosis in chronic hepatitis C: the ANRS HCEP-23 study. J Hepatol
2012; 56:55.

68. European Association for the Study of the Liver. EASL Clinical Practice Guidelines:
management of hepatitis C virus infection. J Hepatol 2011; 55:245.

69. Ferraioli G, Tinelli C, Dal Bello B, et al. Performance of liver stiffness measurements by
transient elastography in chronic hepatitis. World J Gastroenterol 2013; 19:49.

70. Kim DY, Kim SU, Ahn SH, et al. Usefulness of FibroScan for detection of early compensated
liver cirrhosis in chronic hepatitis B. Dig Dis Sci 2009; 54:1758.

71. Chan HL, Wong GL, Choi PC, et al. Alanine aminotransferase-based algorithms of liver
stiffness measurement by transient elastography (Fibroscan) for liver fibrosis in chronic
hepatitis B. J Viral Hepat 2009; 16:36.

72. Kim SU, Ahn SH, Park JY, et al. Liver stiffness measurement in combination with noninvasive
markers for the improved diagnosis of B-viral liver cirrhosis. J Clin Gastroenterol 2009;
43:267.

73. Kim SU, Han KH, Ahn SH. Transient elastography in chronic hepatitis B: an Asian
perspective. World J Gastroenterol 2010; 16:5173.

74. Afdhal NH, Bacon BR, Patel K, et al. Accuracy of fibroscan, compared with histology, in
analysis of liver fibrosis in patients with hepatitis B or C: a United States multicenter study.
Clin Gastroenterol Hepatol 2015; 13:772.

75. Chon YE, Choi EH, Song KJ, et al. Performance of transient elastography for the staging of
liver fibrosis in patients with chronic hepatitis B: a meta-analysis. PLoS One 2012; 7:e44930.

76. Xu X, Su Y, Song R, et al. Performance of transient elastography assessing fibrosis of single
hepatitis B virus infection: a systematic review and meta-analysis of a diagnostic test.

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/63
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/63
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/64
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/64
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/65
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/65
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/65
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/66
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/66
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/66
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/67
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/67
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/67
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/68
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/68
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/69
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/69
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/70
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/70
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/71
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/71
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/71
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/72
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/72
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/72
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/73
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/73
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/74
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/74
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/74
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/75
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/75
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/76
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/76


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 18/34

Hepatol Int 2015; 9:558.

77. Li Y, Huang YS, Wang ZZ, et al. Systematic review with meta-analysis: the diagnostic
accuracy of transient elastography for the staging of liver fibrosis in patients with chronic
hepatitis B. Aliment Pharmacol Ther 2016; 43:458.

78. Fraquelli M, Rigamonti C, Casazza G, et al. Reproducibility of transient elastography in the
evaluation of liver fibrosis in patients with chronic liver disease. Gut 2007; 56:968.

79. Myers RP, Pomier-Layrargues G, Kirsch R, et al. Feasibility and diagnostic performance of
the FibroScan XL probe for liver stiffness measurement in overweight and obese patients.
Hepatology 2012; 55:199.

80. Wong GL. Transient elastography: Kill two birds with one stone? World J Hepatol 2013;
5:264.

81. Wong GL, Vergniol J, Lo P, et al. Non-invasive assessment of liver fibrosis with transient
elastography (FibroScan®): applying the cut-offs of M probe to XL probe. Ann Hepatol
2013; 12:570.

82. Engelmann G, Gebhardt C, Wenning D, et al. Feasibility study and control values of
transient elastography in healthy children. Eur J Pediatr 2012; 171:353.

83. Ferraioli G, Filice C, Castera L, et al. WFUMB guidelines and recommendations for clinical
use of ultrasound elastography: Part 3: liver. Ultrasound Med Biol 2015; 41:1161.

84. Anstee QM, Lawitz EJ, Alkhouri N, et al. Noninvasive Tests Accurately Identify Advanced
Fibrosis due to NASH: Baseline Data From the STELLAR Trials. Hepatology 2019; 70:1521.

85. Wong VW, Irles M, Wong GL, et al. Unified interpretation of liver stiffness measurement by
M and XL probes in non-alcoholic fatty liver disease. Gut 2019; 68:2057.

86. Adebajo CO, Talwalkar JA, Poterucha JJ, et al. Ultrasound-based transient elastography for
the detection of hepatic fibrosis in patients with recurrent hepatitis C virus after liver
transplantation: a systematic review and meta-analysis. Liver Transpl 2012; 18:323.

87. Pavlov CS, Casazza G, Nikolova D, et al. Transient elastography for diagnosis of stages of
hepatic fibrosis and cirrhosis in people with alcoholic liver disease. Cochrane Database Syst
Rev 2015; 1:CD010542.

88. Sandrin L, Fourquet B, Hasquenoph JM, et al. Transient elastography: a new noninvasive
method for assessment of hepatic fibrosis. Ultrasound Med Biol 2003; 29:1705.

89. Saito H, Tada S, Nakamoto N, et al. Efficacy of non-invasive elastometry on staging of
hepatic fibrosis. Hepatol Res 2004; 29:97.

90. Perazzo H, Fernandes FF, Gomes A, et al. Interobserver variability in transient elastography
analysis of patients with chronic hepatitis C. Liver Int 2015; 35:1533.

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/76
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/77
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/77
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/77
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/78
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/78
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/79
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/79
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/79
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/80
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/80
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/81
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/81
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/81
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/82
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/82
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/83
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/83
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/84
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/84
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/85
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/85
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/86
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/86
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/86
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/87
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/87
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/87
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/88
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/88
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/89
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/89
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/90
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/90


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 19/34

91. Boursier J, Konate A, Guilluy M, et al. Learning curve and interobserver reproducibility
evaluation of liver stiffness measurement by transient elastography. Eur J Gastroenterol
Hepatol 2008; 20:693.

92. Singh S, Fujii LL, Murad MH, et al. Liver stiffness is associated with risk of decompensation,
liver cancer, and death in patients with chronic liver diseases: a systematic review and
meta-analysis. Clin Gastroenterol Hepatol 2013; 11:1573.

93. Merchante N, Rivero-Juárez A, Téllez F, et al. Liver stiffness predicts clinical outcome in
human immunodeficiency virus/hepatitis C virus-coinfected patients with compensated
liver cirrhosis. Hepatology 2012; 56:228.

94. Cescon M, Colecchia A, Cucchetti A, et al. Value of transient elastography measured with
FibroScan in predicting the outcome of hepatic resection for hepatocellular carcinoma. Ann
Surg 2012; 256:706.

95. Castéra L, Le Bail B, Roudot-Thoraval F, et al. Early detection in routine clinical practice of
cirrhosis and oesophageal varices in chronic hepatitis C: comparison of transient
elastography (FibroScan) with standard laboratory tests and non-invasive scores. J Hepatol
2009; 50:59.

96. Sporea I, Raţiu I, Sirli R, et al. Value of transient elastography for the prediction of variceal
bleeding. World J Gastroenterol 2011; 17:2206.

97. Pritchett S, Cardenas A, Manning D, et al. The optimal cut-off for predicting large
oesophageal varices using transient elastography is disease specific. J Viral Hepat 2011;
18:e75.

98. Roulot D, Czernichow S, Le Clésiau H, et al. Liver stiffness values in apparently healthy
subjects: influence of gender and metabolic syndrome. J Hepatol 2008; 48:606.

99. Gaia S, Carenzi S, Barilli AL, et al. Reliability of transient elastography for the detection of
fibrosis in non-alcoholic fatty liver disease and chronic viral hepatitis. J Hepatol 2011; 54:64.

100. Mueller S, Millonig G, Sarovska L, et al. Increased liver stiffness in alcoholic liver disease:
differentiating fibrosis from steatohepatitis. World J Gastroenterol 2010; 16:966.

101. Tapper EB, Cohen EB, Patel K, et al. Levels of alanine aminotransferase confound use of
transient elastography to diagnose fibrosis in patients with chronic hepatitis C virus
infection. Clin Gastroenterol Hepatol 2012; 10:932.

102. Petta S, Maida M, Macaluso FS, et al. The severity of steatosis influences liver stiffness
measurement in patients with nonalcoholic fatty liver disease. Hepatology 2015; 62:1101.

103. Myers RP, Pomier-Layrargues G, Kirsch R, et al. Discordance in fibrosis staging between
liver biopsy and transient elastography using the FibroScan XL probe. J Hepatol 2012;

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/91
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/91
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/91
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/92
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/92
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/92
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/93
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/93
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/93
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/94
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/94
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/94
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/95
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/95
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/95
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/95
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/96
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/96
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/97
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/97
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/97
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/98
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/98
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/99
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/99
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/100
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/100
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/101
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/101
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/101
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/102
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/102
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/103
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/103


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 20/34

56:564.

104. Friedrich-Rust M, Nierhoff J, Lupsor M, et al. Performance of Acoustic Radiation Force
Impulse imaging for the staging of liver fibrosis: a pooled meta-analysis. J Viral Hepat 2012;
19:212.

105. Palmeri ML, Wang MH, Dahl JJ, et al. Quantifying hepatic shear modulus in vivo using
acoustic radiation force. Ultrasound Med Biol 2008; 34:546.

106. Guzmán-Aroca F, Frutos-Bernal MD, Bas A, et al. Detection of non-alcoholic steatohepatitis
in patients with morbid obesity before bariatric surgery: preliminary evaluation with
acoustic radiation force impulse imaging. Eur Radiol 2012; 22:2525.

107. Bota S, Herkner H, Sporea I, et al. Meta-analysis: ARFI elastography versus transient
elastography for the evaluation of liver fibrosis. Liver Int 2013; 33:1138.

108. Friedrich-Rust M, Nierhoff J, Lupsor M, et al. Performance of Acoustic Radiation Force
Impulse imaging for the staging of liver fibrosis: a pooled meta-analysis. J Viral Hepat 2012;
19:e212.

109. Friedrich-Rust M, Wunder K, Kriener S, et al. Liver fibrosis in viral hepatitis: noninvasive
assessment with acoustic radiation force impulse imaging versus transient elastography.
Radiology 2009; 252:595.

110. Rizzo L, Calvaruso V, Cacopardo B, et al. Comparison of transient elastography and acoustic
radiation force impulse for non-invasive staging of liver fibrosis in patients with chronic
hepatitis C. Am J Gastroenterol 2011; 106:2112.

111. Kircheis G, Sagir A, Vogt C, et al. Evaluation of acoustic radiation force impulse imaging for
determination of liver stiffness using transient elastography as a reference. World J
Gastroenterol 2012; 18:1077.

112. Chen SH, Lai HC, Chiang IP, et al. Performance of Acoustic Radiation Force Impulse
Elastography for Staging Liver Fibrosis in Patients With Chronic Hepatitis C After Viral
Eradication. Clin Infect Dis 2020; 70:114.

113. Friedrich-Rust M, Buggisch P, de Knegt RJ, et al. Acoustic radiation force impulse imaging
for non-invasive assessment of liver fibrosis in chronic hepatitis B. J Viral Hepat 2013;
20:240.

114. Ye XP, Ran HT, Cheng J, et al. Liver and spleen stiffness measured by acoustic radiation force
impulse elastography for noninvasive assessment of liver fibrosis and esophageal varices
in patients with chronic hepatitis B. J Ultrasound Med 2012; 31:1245.

115. Yoneda M, Suzuki K, Kato S, et al. Nonalcoholic fatty liver disease: US-based acoustic
radiation force impulse elastography. Radiology 2010; 256:640.

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/103
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/104
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/104
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/104
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/105
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/105
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/106
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/106
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/106
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/107
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/107
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/108
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/108
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/108
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/109
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/109
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/109
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/110
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/110
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/110
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/111
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/111
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/111
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/112
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/112
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/112
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/113
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/113
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/113
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/114
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/114
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/114
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/115
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/115


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 21/34

116. Friedrich-Rust M, Romen D, Vermehren J, et al. Acoustic radiation force impulse-imaging
and transient elastography for non-invasive assessment of liver fibrosis and steatosis in
NAFLD. Eur J Radiol 2012; 81:e325.

117. Zhang D, Li P, Chen M, et al. Non-invasive assessment of liver fibrosis in patients with
alcoholic liver disease using acoustic radiation force impulse elastography. Abdom Imaging
2015; 40:723.

118. Piscaglia F, Salvatore V, Di Donato R, et al. Accuracy of VirtualTouch Acoustic Radiation
Force Impulse (ARFI) imaging for the diagnosis of cirrhosis during liver ultrasonography.
Ultraschall Med 2011; 32:167.

119. Toshima T, Shirabe K, Takeishi K, et al. New method for assessing liver fibrosis based on
acoustic radiation force impulse: a special reference to the difference between right and
left liver. J Gastroenterol 2011; 46:705.

120. Karlas T, Pfrepper C, Wiegand J, et al. Acoustic radiation force impulse imaging (ARFI) for
non-invasive detection of liver fibrosis: examination standards and evaluation of interlobe
differences in healthy subjects and chronic liver disease. Scand J Gastroenterol 2011;
46:1458.

121. Bercoff J, Pernot M, Tanter M, Fink M. Monitoring thermally-induced lesions with
supersonic shear imaging. Ultrason Imaging 2004; 26:71.

122. Bercoff J, Tanter M, Fink M. Supersonic shear imaging: a new technique for soft tissue
elasticity mapping. IEEE Trans Ultrason Ferroelectr Freq Control 2004; 51:396.

123. Sporea I, Bota S, Gradinaru-Taşcău O, et al. Which are the cut-off values of 2D-Shear Wave
Elastography (2D-SWE) liver stiffness measurements predicting different stages of liver
fibrosis, considering Transient Elastography (TE) as the reference method? Eur J Radiol
2014; 83:e118.

124. Cassinotto C, Lapuyade B, Mouries A, et al. Non-invasive assessment of liver fibrosis with
impulse elastography: comparison of Supersonic Shear Imaging with ARFI and FibroScan®.
J Hepatol 2014; 61:550.

125. Herrmann E, de Lédinghen V, Cassinotto C, et al. Assessment of biopsy-proven liver fibrosis
by two-dimensional shear wave elastography: An individual patient data-based meta-
analysis. Hepatology 2018; 67:260.

126. Ferraioli G, Tinelli C, Zicchetti M, et al. Reproducibility of real-time shear wave elastography
in the evaluation of liver elasticity. Eur J Radiol 2012; 81:3102.

127. Ferraioli G, Barr RG, Farrokh A, et al. How to perform shear wave elastography. Part I. Med
Ultrason 2022; 24:95.

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/116
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/116
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/116
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/117
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/117
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/117
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/118
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/118
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/118
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/119
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/119
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/119
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/120
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/120
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/120
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/120
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/121
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/121
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/122
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/122
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/123
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/123
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/123
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/123
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/124
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/124
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/124
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/125
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/125
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/125
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/126
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/126
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/127
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/127


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 22/34

128. Ferraioli G, Barr RG, Farrokh A, et al. How to perform shear wave elastography. Part II. Med
Ultrason 2022; 24:196.

129. Ophir J, Garra B, Kallel F, et al. Elastographic imaging. Ultrasound Med Biol 2000; 26 Suppl
1:S23.

130. Itoh A, Ueno E, Tohno E, et al. Breast disease: clinical application of US elastography for
diagnosis. Radiology 2006; 239:341.

131. Berg WA, Cosgrove DO, Doré CJ, et al. Shear-wave elastography improves the specificity of
breast US: the BE1 multinational study of 939 masses. Radiology 2012; 262:435.

132. Lee SH, Chang JM, Cho N, et al. Practice guideline for the performance of breast ultrasound
elastography. Ultrasonography 2014; 33:3.

133. Sun J, Cai J, Wang X. Real-time ultrasound elastography for differentiation of benign and
malignant thyroid nodules: a meta-analysis. J Ultrasound Med 2014; 33:495.

134. Giovannini M, Thomas B, Erwan B, et al. Endoscopic ultrasound elastography for evaluation
of lymph nodes and pancreatic masses: a multicenter study. World J Gastroenterol 2009;
15:1587.

135. Janssen J, Papavassiliou I. Effect of aging and diffuse chronic pancreatitis on pancreas
elasticity evaluated using semiquantitative EUS elastography. Ultraschall Med 2014; 35:253.

136. Dudea SM, Botar-Jid C, Dumitriu D, et al. Differentiating benign from malignant superficial
lymph nodes with sonoelastography. Med Ultrason 2013; 15:132.

137. Friedrich-Rust M, Ong MF, Herrmann E, et al. Real-time elastography for noninvasive
assessment of liver fibrosis in chronic viral hepatitis. AJR Am J Roentgenol 2007; 188:758.

138. Tatsumi C, Kudo M, Ueshima K, et al. Noninvasive evaluation of hepatic fibrosis using
serum fibrotic markers, transient elastography (FibroScan) and real-time tissue
elastography. Intervirology 2008; 51 Suppl 1:27.

139. Havre RF, Elde E, Gilja OH, et al. Freehand real-time elastography: impact of scanning
parameters on image quality and in vitro intra- and interobserver validations. Ultrasound
Med Biol 2008; 34:1638.

140. Morikawa H, Fukuda K, Kobayashi S, et al. Real-time tissue elastography as a tool for the
noninvasive assessment of liver stiffness in patients with chronic hepatitis C. J
Gastroenterol 2011; 46:350.

141. Friedrich-Rust M, Schwarz A, Ong M, et al. Real-time tissue elastography versus FibroScan
for noninvasive assessment of liver fibrosis in chronic liver disease. Ultraschall Med 2009;
30:478.

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/128
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/128
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/129
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/129
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/130
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/130
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/131
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/131
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/132
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/132
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/133
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/133
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/134
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/134
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/134
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/135
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/135
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/136
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/136
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/137
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/137
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/138
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/138
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/138
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/139
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/139
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/139
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/140
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/140
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/140
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/141
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/141
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/141


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 23/34

142. Sandulescu L, Rogoveanu I, Gheonea IA, et al. Real-time elastography applications in liver
pathology between expectations and results. J Gastrointestin Liver Dis 2013; 22:221.

143. Sporea I, Bota S, Săftoiu A, et al. Romanian national guidelines and practical
recommendations on liver elastography. Med Ultrason 2014; 16:123.

144. Fujimoto K, Kato M, Tonomura A, et al. Non-invasive evaluation method of the liver fibrosis
using real-time tissue elastograpy - usefulness of judgment liver fibrosis stage by liver
fibrosis index (LF index). Kanzo 2010; 51:539.

145. Kobayashi K, Nakao H, Nishiyama T, et al. Diagnostic accuracy of real-time tissue
elastography for the staging of liver fibrosis: a meta-analysis. Eur Radiol 2015; 25:230.

146. Colombo S, Buonocore M, Del Poggio A, et al. Head-to-head comparison of transient
elastography (TE), real-time tissue elastography (RTE), and acoustic radiation force impulse
(ARFI) imaging in the diagnosis of liver fibrosis. J Gastroenterol 2012; 47:461.

147. Sãftoiu A, Gheonea DI, Ciurea T. Hue histogram analysis of real-time elastography images
for noninvasive assessment of liver fibrosis. AJR Am J Roentgenol 2007; 189:W232.

148. Ferraioli G, Gulizia R, Filice C. Real-time elastography in the assessment of liver fibrosis. AJR
Am J Roentgenol 2007; 189:W170.

149. Koizumi Y, Hirooka M, Kisaka Y, et al. Liver fibrosis in patients with chronic hepatitis C:
noninvasive diagnosis by means of real-time tissue elastography--establishment of the
method for measurement. Radiology 2011; 258:610.

Topic 96717 Version 13.0

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/142
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/142
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/143
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/143
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/144
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/144
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/144
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/145
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/145
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/146
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/146
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/146
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/147
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/147
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/148
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/148
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/149
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/149
https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/abstract/149


10/15/23, 10:18 PM Noninvasive assessment of hepatic fibrosis: Ultrasound-based elastography - UpToDate

https://www3.utdos.ir/contents/noninvasive-assessment-of-hepatic-fibrosis-ultrasound-based-elastography/print?search=Noninvasive assessment o… 24/34

GRAPHICS

Advantages and disadvantages of noninvasive methods to evaluate liver
fibrosis

Parameters
Transient

elastography
pARFI 2D-SWE

MR
elastography
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Advantages High accuracy,
rapid results

High accuracy,
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High accuracy,
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Very easy to
learn

Easy to learn Easy to learn,
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measurement
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limiting
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limiting
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Technical
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Technical
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Technical
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(MR imaging
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Intermediate
cost
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cost
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Limited
recognition of
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Restricted value
in obese
patients and
patients with
ascites

Narrow range
of values,
small
measurement
area

     

False positive
values in
patients with
acute hepatitis,
cholestasis, and
heart failure

Quality criteria
not well-
defined

Quality criteria
not well-
defined

   

pARFI: point-shear wave elastography using acoustic radiation force impulse; 2D-SWE: two-
dimensional shear wave elastography; MR: magnetic resonance.

Reference:
1. Cui XW, Friedrich-Rust M, De Molo C, et al. Liver elastography, comments on EFSUMB elastography guidelines 2013.

World J Gastroenterol 2013; 19:6329.
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Point-shear wave elastography of focal liver lesions

Point-shear wave elastography for evaluation of focal nodular hyperplasia (A) and focal fatty
lesion of liver (B). Almost all focal liver lesions are stiffer than the surrounding hepatic
parenchyma except focal fatty sparing.
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Strain elastography of focal nodular hyperplasia

Strain elastography image of a small focal nodular hyperplasia (blue). Almost all liver
neoplasias are stiffer than the surrounding hepatic parenchyma.
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Two-dimensional shear wave elastography of focal liver lesions

Two-dimensional shear wave elastography for evaluation of hemangioma (A) and
hepatocellular carcinoma (B). Almost all liver neoplasias show higher shear wave velocities
compared with the surrounding hepatic parenchyma.
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Transient elastography of the liver

Transient elastography showing the measurement of liver stiffness
in kilopascals (kPa) along the left side of the screen. An A-mode
image is displayed to assist the operator in selecting the
measurement zone. On the right side, the values of 10
measurements are shown with the mean value depicted at the
bottom of the screen.

Graphic 97037 Version 1.0
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Point-shear wave elastography of the liver

Point-shear wave elastography using acoustic radiation force impulse in healthy liver parenchyma (A) and co
cirrhosis (B). The shear wave speed and the depth of the region of interest (rectangular box) are shown on th
the image.

Graphic 97038 Version 1.0
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Mean shear wave velocities of the left and right liver lobes on point-shear
wave elastography using acoustic radiation force impulse

Author N Subjects Left lobe (m/s)
Right lobe

(m/s)
Ref

Karlas T, et al 50 Healthy
individuals

1.28 ± 0.19 1.15 ± 0.17 [1]

Karlas T, et al 23 Patients with F1
or F2 fibrosis

2.1 ± 0.72 1.75 ± 0.89 [1]

Toshima T, et
al

103 24 healthy
volunteers, 79
patients with
chronic liver
disease

1.90 ± 0.68 1.61 ± 0.51 [2]

Piscaglia F,
et al

14 Healthy
individuals

1.29 (1.00 to 1.60) 1.15 (0.80 to 1.74) [3]

Piscaglia F,
et al

114 Patients with
chronic liver
disease

1.79 (0.80 to 4.00) 1.67 (0.45 to 3.76) [3]

Ref: reference; N: number of patients studied.

References:
1. Karlas T, Pfrepper C, Wiegand J, et al. Acoustic radiation force impulse imaging (ARFI) for non-invasive detection of

liver fibrosis: examination standards and evaluation of interlobe differences in healthy subjects and chronic liver
disease. Scand J Gastroenterol 2011; 46:1458.

2. Toshima T, Shirabe K, Takeishi K, et al. New method for assessing liver fibrosis based on acoustic radiation force
impulse: a special reference to the difference between right and left liver. J Gastroenterol 2011; 46:705.

3. Piscaglia F, Salvatore V, Di Donato R, et al. Accuracy of VirtualTouch Acoustic Radiation Force Impulse (ARFI) imaging
for the diagnosis of cirrhosis during liver ultrasonography. Ultraschall Med 2011; 32:167.
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Two-dimensional shear wave elastography of the liver

Two-dimensional shear wave elastography in a patient with healthy liver parenchyma (A)
and a patient with liver cirrhosis (B). The color indicates the stiffness of the liver: blue
means soft, and red means hard. At least one box can be drawn within the area being
evaluated; the value of the shear wave speed is shown on the right side of the image either
in m/s (top) or in kPa (bottom).
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Strain elastography of the liver

Strain elastography showing healthy liver parenchyma (A) and liver cirrhosis (B).
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