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Introduction:

Ultrasound elastography (USE) is an
imaging technology sensitive to tissue
stiffness that was first described in the
1990s. It has been further developed and
refined in recent years to enable quantitative
assessments of tissue stiffness. Elastography
methods take advantage of the changed
elasticity of soft tissues resulting from
specific  pathological or physiological
processes. For instance, many solid tumors
are known to differ mechanically from
surrounding healthy tissues(1).

Similarly, fibrosis associated with
chronic liver diseases causes the liver to
become stiffer than normal tissues.
Elastography methods can hence be used to
differentiate affected from normal tissue for
diagnostic applications (2).

Conventional ultrasound (US) has the
advantage of being an inexpensive, versatile,
and widely available modality that can be used
at the bedside, which also applies to USE.
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USE has been explored for several clinical
applications in recent years and has been
introduced into clinical routine for specific
applications such as liver fibrosis assessment
or breast lesion characterization(3).

Elasticity imaging by USE provides
complementary information to conventional
US by adding stiffness as another
measurable property to current US imaging
techniques (4).
1.Principles and Techniques of

Ultrasound Elastography

The following provides a summary of
USE physics and current techniques. (5).

Ultrasound elastography physics

Elastography assesses tissue elasticity,
which is the tendency of tissue to resist
deformation with an applied force, or to
resume its original shape after removal of
the force. Assuming that a material is
entirely elastic and its deformation has no
time dependency (i.e. viscosity), elasticity
can be described by Hooke's Law (1):
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The different currently available USE
hniques can be classified by the measured

2. Classification & types: physical quantity (Figure 1) (1)

Ultrasound elastography techniques:
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Figure 1: Ultrasound Elastography Techniques. Currently available USE techniques can be

categorized by the measured physical quantity: 1) strain ima
Excitations methods include quasi-static mechanically
compression or passively induced physiologic motion

ging (left), and 2) shear wave imaging (right).
induced displacement via active external
(orange), dynamic mechanically induced

compression via a “thumping” transducer at the tissue surface to produce shear waves (green), and
dynamic ultrasound-induced tissue displacement and shear waves by acoustic radiation force impulse

excitation (blue) (1).

1) Strain imaging: In this technique, a a) Strain Elastography:
normal stress on is applied to tissue and Strain elastography can be further
the normal strain en is measured (6). subdivided by the excitation method:

2) Shear wave imaging (SWI): In this 1) In he first method, the operator exerts

technique, a dynamic stress is applied to
tissue by using a mechanical vibrating
device in 1D transient elastography (1D-
TE) or acoustic radiation force in point
shear wave elastography (pSWE) and 2D
shear wave elastography (2D-SWE).
Shear waves created by the excitation are
measured perpendicular to the acoustic
radiation force application or parallel to 2)
the 1D transient elastography excitation.

| Strain imaging:

Strain imaging was the first introduced USE

technique (7) and there are two approaches

for strain imaging using ultrasound: Strain

elastography (SE) and acoustic radiation

force impulse (ARFI) strain imaging.
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manual compression on the tissue with
the ultrasound transducer. Manual
compression works fairly well for
superficial organs such as the breast and
thyroid but is challenging for assessing
elasticity in deeper located organs such as
the liver (8).

In the second excitation method, the
ultrasound transducer is held steady, and
tissue displacement is generated by
internal  physiologic  motion  (e.g.
cardiovascular, respiratory). Since this
method is not dependent on superficially
applied compression, it may be used to
assess deeper located organs (9).
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b) Acoustic radiation force

(ARFI) strain imaging:

impulse

This is an alternative approach for
measuring strain. In this technique a short-
duration (0.1-0.5 ms) high-intensity (spatial
peak pulse average = 1400 W/cm2, spatial
peak temporal average = 0.7 W/cm2)
acoustic “pushing pulse” (acoustic radiation
force) is used to displace tissue (displacement
of ~ 10-20 um) in the normal direction, i.e.
perpendicular to the surface (10).

Il Shear wave imaging: (SWI)

In contrast to strain imaging, which
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parallel to the applied normal stress, SWI
employs a dynamic stress to generate shear
waves in the parallel or perpendicular
dimensions. Measurement of the shear wave
speed results in qualitative and quantitative
estimates of tissue elasticity. There are
currently three technical approaches for
SWI:. 1) 1 dimensional transient
elastography (1D-TE), 2) point shear wave
elastography (pSWE), and 3) 2-dimensional
shear wave elastography (2D-SWE). The
main characteristics of each method are
summarized in Table (1) (1).

measures  physical tissue

displacement

Table 1: Summary of Shear Wave Imaging methods (1).

PswE

2D-SWE

1D-TE

e Excitation method:
dynamic stress by ARFI,
in the normal direction, in
a single focal location.

e Shear waves measured
perpendicular to plane of
excitation.

Shear wave speed (C.)
reported or converted in
Young's modulus (E) to

provide quantitative
estimate of tissue
elasticity.

Operator can use B-mode
US to directly visualize
and select ROI.

Does not show an image
of stiffness.

Can be performed on
conventional US machine
using standard ultrasound

e Excitation method:
dynamic stress by ARFI,
in the normal direction in
multiple focal zones

e Shear waves measured
perpendicular to ARFI
application.

e Multiple focal zones are
interrogated  in  rapid
succession, faster than the
shear wave speed, creating
a near cylindrical shear
wave cone, allowing real-
time monitoring of shear
waves in 2D  for
measurement of Cs or E
and generation of
quantitative elastograms.

e Operator is guided by both
anatomical and tissue
stiffness information, has
real-time visualization of a
color box; quantitative

Eur. Chem. Bull. 2023,12( Issue 10),13813-13829

e Excitation method: dynamic

stress by a mechanical
vibrating device.

Shear  waves  measured
parallel to excitation.
Stiffness estimated along
ultrasonic A-line, in a fixed
region, neither user

adjustable nor image guided.

Operator selects imaging area
using time-motion
ultrasound, based on multiple
A-mode lines in time at
different proximal locations
forming low quality image.
The same probe uses A-mode
US to measure Cs and
E is calculated.

First system commercially
available. The most widely
used and validated technique
for assessment of liver
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probe. elastogram superimposed
on a B-mode
stiffness information.

a) 1D Transient Elastography:

The first SWI system commercially
available was a 1D-TE  system
FibroScanTM (Echosens, Paris, France) for
assessment of the liver. It is the most widely
used and validated technique for assessment
of liver fibrosis, and it is often used by
clinicians in the office (11).

The FibroscanTM probe is a single
device that contains both an ultrasound
transducer and a mechanical vibrating
device. Although 1D-TE is an US-based
technique, it is used without direct B-mode
image guidance. The operator selects the
imaging area using time-motion ultrasound
(based on multiple A-mode lines in time at
different proximal locations assembled to
form a low quality image) to locate a liver
portion 2.5 - 6.5 cm below the skin surface
and free of large vascular structures. The
mechanical vibrating device then exerts a
controlled vibrating external “punch” on the
body surface to generate shear waves which
propagate through the tissue (12).

Measurements assess a tissue volume of
approximately 1 cm wide x 4 cm long,
which is >100 times larger than the average
volume of a biopsy sample. (13)

The examiner takes repeated
measurements with the following criteria for

Eur. Chem. Bull. 2023,12( Issue 10),13813-13829

fibrosis.
image

validation: (1) at least 10 valid
measurements, (2) ratio of number of valid
measurements to the total number of
measurements is > 60%, (3) interquartile
range (IQR), which reflects the variability of
measurements, is less than 30% of the
median value  of liver  stiffness
measurements. The entire exam takes
approximately 5 minutes (14).

Point shear wave elastography:

In this technique, ARFI is used to induce
tissue displacement in the normal direction
in a single focal location, similar to ARFI
strain imaging. Unlike ARFI strain imaging,
the tissue displacement itself is not
measured. Instead, a portion of the
longitudinal waves generated by ARFI is
intra-converted to shear waves through the
absorption of acoustic energy. The speed of
the shear waves perpendicular to the plane
of excitation cs are measured (15).

In liver applications, there are several
advantages of pSWE compared to 1D-TE.
First, the operator can use B-mode US to
directly visualize the liver to select a
uniform area of liver parenchyma without
large vessels or dilated bile ducts. pSWE
produces shear waves which originate
locally inside the liver, making pSWE less
affected by ascites and obesity (16).
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b) Two-dimensional (2D) Shear wave
elastography:

Two-dimensional (2D) SWE is the
currently newest SWI method that uses
acoustic radiation force. Instead of a single
focal location as in ARFI strain imaging and
pSWE, multiple focal zones are interrogated
in rapid succession, faster than the shear
wave speed. This creates a near cylindrical
shear wave cone, allowing real-time
monitoring of shear waves in 2D for
measurement of shear wave speed or
Young's modulus E and generation of
quantitative elastograms (17).

The advantages of this technique include
real-time  visualization of a color
quantitative elastogram superimposed on a
B-mode image, enabling the operator to be
guided by both anatomical and tissue
stiffness information (18).

3. Clinical Applications of Ultrasound
Elastography as regard to Liver:

1) Diffuse Liver Disease:

The multiple causes of chronic liver
disease (CLD) (including hepatitis viral
disease, nonalcoholic fatty liver disease,
alcoholic liver disease and autoimmune liver
disease) follow a common pathway towards
liver fibrosis and finally cirrhosis, increasing
the risk for the development of portal
hypertension (PH), hepatic insufficiency,
and hepatocellular carcinoma (HCC) (19).

Currently, liver biopsy is the Dbest
available reference standard for evaluating
and classifying stages  of liver
fibrosis/cirrhosis, with the METAVIR score
being the most widely used histopathologic
grading system. According to this system,

Eur. Chem. Bull. 2023,12( Issue 10),13813-13829
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the fibrosis stages are: FO= normal liver,
F1= minimal fibrosis, F2= significant
fibrosis, F3= severe fibrosis and F4=
cirrhosis (20).

However, liver biopsy has several
limitations. It is invasive and can cause
minor complications including temporary
pain in approximately 20% of cases. Major
complications, such as bleeding, hemobilia,
bile  peritonitis,  bacteremia,  sepsis,
pneumothorax, hemothorax and even death,
occur in 1.1% of liver biopsies. (21)

Liver biopsy is also limited by under-
sampling, with a typical biopsy core only
representing roughly 1/50,000 of the entire
liver volume. Inter-observer agreement
among pathologists in grading liver
fibrosis/cirrhosis is also not perfect, with
kappa statistic ranging from 0.5 to 0.9,
depending on the pathologist's expertise (22).

Accurate staging of liver
fibrosis/cirrhosis ~ is  important  since
treatment recommendations vary by the type
of CLD. Evidence supports treatment for all
patients infected with Hepatitis C virus
(HCV). However, in places where resources
are limited, the stage of liver fibrosis is used
to prioritize treatment (23).

For example, patients with F3 or F4
fibrosis are at the highest priority for
treatment due to the risk of severe
complications, whereas those with F2
fibrosis are at high but lesser priority for
treatment owing to relatively lower risk of
complications (24).

For Hepatitis B virus (HBV), patients
with a minimum F2 fibrosis and HBV DNA
> 2000 IU/ml are being considered for
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antiviral therapy even if their alanine
aminotransferase (ALT) levels are below
two times the upper limits of normal (25).

A quantitative non-invasive test such as
USE that allows accurate longitudinal
monitoring of liver stiffness would be
clinically helpful with these therapeutic
decisions (26).

Since the liver becomes stiffer as fibrosis
progresses due to collagen deposition and
microstructural changes, USE has the
potential to monitor these histopathologic
changes through noninvasive quantitative
measures of liver stiffness, using different
stiffness cut-off values to simulate the
METAVIR score (27).

Assessment of Liver Fibrosis with
Different Liver Elastography Techniques:

A standardized liver elastography
technique is critical to obtain reliable and
accurate results. The patient is imaged in
supine or slight (30°) left lateral decubitus
position, with the right arm elevated above
the head to open the intercostal spaces and
improve the acoustic window to the liver.
Since cardiac motion can confound
elastography measurements, it is
recommended to sample measurements in
the right liver lobe, which has shown the
most reliable results (28).

Transducer pressure on the skin should
be similar to regular anatomical B-mode
imaging. When using SWE techniques, the
acoustic radiation force push pulse should be
applied perpendicular to the liver capsule,
with measurements obtained 4-5 cm deep to
the skin and within a minimum 1-2 cm of
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liver parenchyma to limit refraction of the
pulse (29).

Since the assessed tissue extends 1.0 cm
above and below the user-designated region
of intensity (ROI), the operator should
verify that these areas are free of vascular
and biliary structures and rib shadows.
Furthermore, the patient needs to be coached
in breathing (to stop breathing at the end of
normal expiration or inspiration) SO
measurements are taken in a neutral
position, as Valsalva maneuver or deep
expiration can falsely increase stiffness
measurements (30).

A) Liver 1D Transient Elastography:

One dimensional TE studies have found
that liver stiffness values correlated with
histopathologic fibrosis stages in CLD
patients. A recent large multicenter 2-phase
study in the United States in patients with
HCV (n = 700) or HBV (n = 53) compared
1D-TE with liver biopsy. In phase 1 of the
study optimal stiffness cut-off values for
identification of F2 to F4 fibrosis were
identified, and in phase 2 the cut-off values
were tested in a second and different patient
cohort (1).

The presence of hepatic fibrosis in people
with alcoholic liver disease. Based on the
METAVIR histopathological score for
interpreting liver biopsy, there are five
stages of hepatic fibrosis (31).

The used cut-off values were correlated to
METAVIR fibrosis scoring system as follows:
FO-F1: 2-7 kpa (fibrosis exists with expansion
of portal zones), F2: 7- 9.5 kpa (fibrosis exists
with expansion of most portal zones and
occasional bridging), F3: 9.5-125 kpa
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(fibrosis exists with expansion of most portal
zones and marked bridging), and F4 >12.5 kpa
(presence of cirrhosis) (32).

FO indicates no fibrosis, F1 indicates
portal fibrous expansion, F2 indicates thin
fibrous septa emanating from portal triads,
F3 indicates fibrous septa bridging portal
triads and central veins, and F4 indicates
cirrhosis (31).

1D-TE showed reasonably high area under
the receiver operating characteristic curves
(AUROCs) in the HCV group, confirming
previous results indicating that 1D-TE allows
staging of significant fibrosis (1).

A meta-analysis comprised of mostly
Asian studies using 1D-TE with 2772
chronic HBV patients found similar results
(AUROC F>2 0.86, F>3 0.89, F4 0.93) (33).

Another meta-analysis of 50 studies in
patients with various etiologies of CLD
(n=518) using liver biopsy as the reference
standard highlighted that 1D-TE was more
accurate in diagnosing F4 fibrosis than F2 or
F3 fibrosis (AUROC F4 0.93 vs. F>2 0.87,
F>3 0.91), regardless of the underlying
cause of liver disease (34).

Overall, 1D-TE is considered useful to
diagnose cirrhosis (F4 fibrosis) and for
distinguishing significant (= F2) from non-
significant (FO and F1) fibrosis. However,
distinguishing between individual fibrosis
stages is still not well validated (35).
B) Liver Point Shear Wave Elastography:

1D-TE (FibroScanTM) was slightly more
accurate than pSWE in diagnosing
significant fibrosis (AUROC of 0.92 wvs.
0.87) and cirrhosis (0.97 vs. 0.93). In
contrast, another meta-analysis which
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included 1163 patients with CLD found that
pSWE (VTQ/ARFI) showed similar
predictive value to that of 1D-TE for
significant fibrosis (AUROC 0.74 vs. 0.78)
and cirrhosis (0.87 vs. 0.89) (36).
C) Liver 2D Shear Wave Elastography:
Among the four US systems that have 2D-
SWE (as described above), Shear WaveTM
Elastography by SuperSonic Imagine (SSI) is
currently the most validated system for
assessing liver fibrosis. The first study
comparing 2D-SWE (SSI) and 1D-TE was
performed in 121 patients with chronic HCV
using liver biopsy as a reference standard.
2D-SWE was more accurate than 1D-TE in
assessing significant fibrosis (F>2) (AUROC
of 0.92 vs. 0.84; p=0.002) (37).

In an intra-individual  prospective
comparison study comparing 2D-SWE
(SSI), pSWE (VTQ/ARFI) and 1D-TE
(FibroscanTM) in 349 consecutive patients
and using liver biopsy as gold standard, 2D-
SWE was shown to have higher diagnostic
accuracy than 1D-TE in the diagnosis of
severe fibrosis (F>3) (AUROC of 0.93 vs.
0.87; p=0.0016, respectively) and higher
than pSWE in the diagnosis of significant
fibrosis (F>2) (AUROC:s of 0.88 vs. 0.81; p
= 0.0003, respectively). (38).

In another study there was no significant
difference in AUROCSs for 2D-SWE, pSWE,
and 1D-TE in the diagnosis of significant
fibrosis (F>2: 0.87, 0.92, 0.91), advanced
fibrosis (F>3: 0.91, 0.93, 0.94) and liver
cirrhosis  (F=4: 0.88, 0.90, 0.89),
respectively between the three methods (39).

2) Severity of Portal Hypertension:
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Portal hypertension (PH) is one of the
most important complications of CLD and
cirrhosis. When portal pressures and hepatic
venous pressure gradient (HVPG) rise to a
level the body cannot compensate for,
complications such as ascites, variceal
bleeding, and hepatic encephalopathy may
develop. At an HVPG > 10 mmHg, patients
have clinically significant PH and are at
high risk of developing varices (40).

At an HVPG > 12 mmHg, PH is defined
to be severe with an increased risk for acute
variceal bleeding, which bears a mortality
rate of approximately 15%. The gold
standards to assess PH in cirrhotic patients
are the direct measurement of HVPG using
angiographic techniques as well as upper
gastrointestinal endoscopy to assess for the
presence and grade of esophageal varices;
both are invasive tests (41).

Ultrasound elastography may become a
non-invasive alternative by measuring liver
stiffness (LS) and/or spleen stiffness (SS). In
SS, the same techniques are applied in the
spleen as described above for the liver. (1).

Recent studies using 1D-TE found that LS
was more accurate than SS for the diagnosis
of clinically significant PH (AUROCs of 0.95
vs. 0.85; 0.78 vs. 0.63) (42).

In contrast, another study in 60 cirrhotic
patients examined with pSWE and using
HVPG as a reference standard found that SS
was the most accurate test in diagnosing
both clinically significant (AUROC: 0.943)
and severe PH (AUROC: 0.963). In that
study, SS cut-off values of 3.36 m/s and
3.51 m/s identified patients with esophageal
varices and high-risk esophageal varices,
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respectively, with a negative predictive
value of 96.6% and 97.4% respectively (43).

Several additional studies have found SS
to be predictive of esophageal varices. For
example, a study using pSWE of the spleen
in 340 cirrhotic patients and 16 healthy
volunteers with invasive endoscopy as the
reference standard found that a shear wave
velocity cut-off value of 3.30 m/s identified
high risk esophageal varices with a negative
predictive value, sensitivity and accuracy of
0.994, 0.989 and 0.721 respectively. (1).

Overall results suggest that both SS and
LS are promising parameters that may allow
non-invasive screening for PH and the
presence of esophageal varices. Additional
studies are needed to further validate current
results and to assess whether LS, SS, or the
combination of the two result in the most
accurate assessment (42).

3)Characterization of Focal Liver
Lesions:

Currently, the wuse of ultrasound
elastography for characterization of focal
liver lesions (FLLs) is still investigational
but a few studies have shown promising
results (1).

A meta-analysis of 6 studies (4 using
pSWE, 2 SE) with histology as the gold
standard showed that the pooled sensitivity,
specificity, positive likelihood ratio (LR),
and negative LR of elastography for the
differentiation of malignant from benign
lesions were 85%, 84%, 5.69 and 0.17,
respectively, with a summary AUROC of
0.93. In another recent study, a cut-off value
of 252 m/s using virtual touch tissue
quantification (VTQ) of acoustic radiation
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force impulse (ARFI) VTQ/ARFI allowed
differentiation of malignant from benign
FLLs with a sensitivity and specificity of
97% and 66%, respectively (44).

Since FLLs may occur on different
background liver parenchyma, it was
reasoned that reporting the ratios (SWV
ratio or stiffness ratio) between values
obtained in the FLL and the surrounding
liver tissue could be more accurate.
However, a recent study with VTQ/ARFI in
134 patients with FLLs found that a cut-off
values of 2.13 m/s for SWV showed
superior  performance (sensitivity and
specificity of 83.3% and 77.9%,
respectively) compared to a cut-off value of
1.37 for SWV ratio (59.6% and 77.3%,
respectively) in differentiating malignant
from benign FLLs. This was also shown in a
larger-scale study in 373 patients using
pSWE (by Philips) with an AUROC of 0.87
vs. 0.67, sensitivity of 74% vs. 82% and
specificity of 84% vs. 28% (45).

To date, the evaluation of USE for FLL
characterization appears limited and large
ranges of stiffness values for both benign and
malignant lesions have been reported, with
HCC SWV values ranging from 1.15 m/s
(soft) to > 4.0 m/s (stiff) in one study (46).

This variability could reflect tumor
heterogeneity since inclusion of internal
hemorrhage or necrosis in malignant tumors
decreases stiffness (1).

Although benign lesions are in general
softer than malignant lesions, some benign
lesions such as focal nodular hyperplasia
(FNH), which is mainly composed of
hyperplastic hepatic cells and vessels, also
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have fibrous septa and a central scar which
can increase its stiffness. More research is
warranted before USE can be recommended
for characterization of focal liver lesions (1).
4)Elastography: Fatty Liver Assessment:

Controlled Attenuation Parameter
(CAP)

Vibration-controlled transient
elastography (VCTE) (FibroScan®,
EchoSens, Paris, France) is an ultrasound-
based elastography technique developed
more than 15 years ago, firstly used for
fibrosis assessment in chronic liver diseases.
It is the most validated elastography
technique, accepted by international
guidelines as a reliable tool to quantify liver
fibrosis (47).

VCTE measures the velocity of shear
waves generated inside the liver by a
mechanical impulse. In CLD, liver stiffness
increases with the progression of fibrosis.
The stiffer the liver is, the higher the shear
waves' velocity (48).

Several years later, CAP feature was
added to the FibroScan® device. It measures
the attenuation of the US beam as it passes
through the liver. CAP correlates with the
viscoelastic characteristics of the liver,
dependent in their turn on the quantity of fat
droplets in the hepatocytes. CAP
measurements can be performed by either
the M or XL probes (chosen according to the
skin to liver capsule distance), and the
results are expressed in decibels per meter
(dB/m), ranging from 100 to 400 dB/m (49).

At the beginning, CAP was available
only on the M probe of the FibroScan®.
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Later, it was implemented also on the XL
probe developed for obese subjects (48).

The initial studies regarding CAP showed
excellent feasibility-92.3% of cases with
only the M probe, improved to 96.8% when
both M and XL probes have been used, also
with excellent reproducibility, inter-rater
agreement 0.82-0.84 with the M probe, but
lower with the XL probe, 0.75 and 0.65,
respectively (50).

No quality technical parameters have
been recommended by the producers to
ensure reliable measurements. Therefore,
most authors used the quality criteria
recommended for VCTE: 10 valid
measurements with an IQR/M <30% (51).

A study published in 2017 recommended
as a quality criterion for CAP measurements
an IQR <40 dB/m (52).

When this quality criterion was used, the
AUROC of CAP to assess steatosis as
compared to liver biopsy increased from 0.77
to 0.9. Another study has set the IQR upper
limit at 30 dB/m, while another study found
no difference in CAP performance when the
IQR was >30 dB/m or >40 dB/m (53).

A recently published study demonstrated
that CAP-IQR/M <0.3 as a quality criterion
improves accuracy and feasibility of CAP
measurements, performing better than the
IQR <40 dB/m criterion (54).

Several studies demonstrated that CAP
measurements are not influenced by the
severity of liver fibrosis, nor by the presence
of cirrhosis (55).

However, several factors have been
proven to influence CAP values, among
them BMI, the presence of diabetes and
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etiology, especially NAFLD, while CAP
values higher than 300 dB/m may lead to an
overestimation of fibrosis severity by VCTE
in patients with lower stages of fibrosis (56).

The controlled attenuation parameter
(CAP) measured by transient elastography
(TE) is an easy and rapid noninvasive
examination method for the detection of
hepatic steatosis. It is based on the physical
phenomenon that the amplitude of ultrasound
waves is attenuated more quickly when they
traverse across a steatotic liver (57).

TE can also quantify the speed of a
mechanically induced shear wave in liver
tissue and hence generate a parameter called
liver stiffness measurement (LSM) to
estimate liver fibrosis (58).

CAP is measured simultaneously with
LSM, making it possible to assess hepatic
steatosis and fibrosis at the same time.
Studies with CAP have been performed in
NAFLD, alcoholic liver disease, and viral
hepatitis, but very few data are available on
AILDs (53).

It has been showed that in patients with
chronic viral hepatitis and advanced liver
fibrosis, CAP performed better than
ultrasound for assessing liver steatosis.
Besides, a recent meta-analysis showed that
CAP diagnosed moderate and severe hepatic
steatosis with diagnostic accuracies above
0.85 in patients with liver disease of mixed
etiology. However, the analysis did not
include patients with AILDs (59).

CAP cut-off values indicating liver
steatosis (S) were adapted from the study by
Kamali et al. as follows: (1) <237 dB/m (SO,
no steatosis), (2)237.0-259.0 dB/m (S1,
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mild steatosis), (3) 259.0-291.0 dB/m (S2,
moderate steatosis), and (4) 291.0-400.0
dB/m (S3, severe steatosis) (60).

Limitations of Liver Ultrasound
Elastography:

Liver USE measurements can be
confounded by both pathologic and normal
physiologic processes. Notably, since the
liver is surrounded by a stiff minimally
distensible capsule (Glisson's capsule), any
increase in liver volume also increases its
stiffness and elevates elasticity
measurements (61).

Besides physiologic differences such as
the patient's level of inspiration and
expiration and postprandial state, several
disease processes including liver
inflammation, passive hepatic congestion for
example in cardiac insufficiency, cholestasis
and hepatic steatosis, have been reported to
influence USE measurements (5).

Presence of hepatic steatosis as a possible
confounder warrants further discussion since
inconsistent results have been reported in the
literature on the effects of hepatic steatosis
on shear wave measurements (62).

Using 1D-TE in 253 biopsy-proven
patients with non-alcoholic fat liver disease
(NAFLD), Petta et al found that steatosis
grade was an independent predictor of higher
liver stiffness measurement (p=0.03), leading
to a false-positive rate of 23.6% in the
diagnosis of significant liver fibrosis (63).

A multi-center 1D-TE study including
650 patients with chronic HCV assessed the
influence of steatosis on liver stiffness USE
measurements  with ~ comparison  to
guantitative and precise morphometric

Eur. Chem. Bull. 2023,12( Issue 10),13813-13829
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measurements of liver histology obtained by
biopsy. The liver biopsy histology slides
were scanned to obtain high quality images
to be evaluated by morphometry. They
found that 12.6% of FO/1 were misclassified
as F2 when the steatosis area of the liver
specimen (area of steatosis vesicles over
complete liver surface estimated by
morphometry) was < 4.0 %. When the
steatosis area was > 4%, the rate of
misclassification rose to 32.4% (63).

However, other studies suggested that
presence of steatosis did not influence
fibrosis estimation. Samir et al used 2D-SWE
(SSI) to evaluate 136 patients with CLD, and
found that steatosis did not correlate with
SWE measurements obtained in the upper
right liver lobe (r=0.45, p=0.06), lower right
liver lobe (r=0.26, p=0.09), and biopsy site
(r=0.04, p=0.62). (30).

Similarly, Wong et al (64) found no
influence of the presence of steatosis on
liver stiffness measurements (p=0.31)

Inflammation

Breathing Cholestasis

Hepatic Venous

Fasing Congestion

Steatosis Right Heart Failure

Figure 2: Pathologic and normal physiologic
processes which can be confounders of liver
stiffness measurements. Among other causes,
right heart failure can lead to hepatic venous
congestion with consecutive elevation of liver
stiffness due to the increased venous pressure.
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Increased levels of inspiration and expiration
(Valsalva maneuver) can also increase liver
stiffness and, therefore, patients need to be
coached regarding breathing instructions when
obtaining liver stiffness measurements (1).

Other limitations relate to the
specific USE methods. Since in 1D-TE
excitations are applied at the skin surface, it
is limited by patient obesity, narrow
intercostal spaces and the presence of
perihepatic ascites (65).

Also, 1D-TE requires specialized
equipment and annual or biannual probe
recalibration. The equipment does not
provide B-mode images, which can limit
selection of an appropriate sampling area.
These factors contribute to a high rate of
unreliable results (approximately 16%) with
1D-TE ().

The newer methods including pSWE and
2D-SWE are available on conventional US
systems and do not require specialized
equipment. However, greater technical and
anatomical expertise is needed with these
methods, which are therefore usually
performed by a radiologist or sonographer.
Finally, since both pSWE and 2D-SWE are
newer technologies compared to 1D-TE,
more validation studies are needed to assess
their diagnostic accuracy in grading liver
fibrosis, prediction of esophageal varices, or
characterization of FLLs (66).
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