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Abstract

Liver disease accounts for approximately 2 million deaths per year worldwide. All
chronic liver diseases (CLDs), whether of toxic, genetic, autoimmune, or infectious origin,
undergo typical histological changes in the structure of the tissue. These changes may
include the accumulation of extracellular matrix material, fats, triglycerides, or tissue
scarring. Noninvasive methods for diagnosing CLD, such as conventional B-mode
ultrasound (US), play a significant role in diagnosis. Doppler US, when coupled with B-
mode US, can be helpful in evaluating the hemodynamics of hepatic vessels and detecting
US findings associated with hepatic decompensation. US elastography can assess liver
stiffness, serving as a surrogate marker for liver fibrosis. It is important to note that
interpreting these values should not rely solely on a histological classification. Contrast-
enhanced US provides valuable information on tissue perfusion and enables excellent
differentiation between benign and malignant focal liver lesions. Clinical evaluation, the
etiology of liver disease, and the patient current comorbidities all influence the
interpretation of liver stiffness measurements. These measurements are most clinically
relevant when interpreted as a probability of compensated advanced CLD. B-mode US
offers a subjective estimation of fatty infiltration and has limited sensitivity for mild
steatosis. The controlled attenuation parameter requires a dedicated device, and cutoff
values are not clearly defined. Quantitative US parameters for liver fat estimation include
the attenuation coefficient, backscatter coefficient, and speed of sound. These parameters
offer the advantage of providing fat quantification alongside B-mode evaluation and
other US parameters. Multiparametric US of the liver introduces a new concept for
complete noninvasive diagnosis. It encourages examiners to utilize the latest features of
an US machine, including conventional B-mode, liver stiffness evaluation, fat
quantification, dispersion imaging, Doppler US, and contrast-enhanced US for focal liver
lesion characterization. This comprehensive approach allows for diagnosis in a single
examination, providing clinicians worldwide with a broader perspective and becoming

a cornerstone in their diagnostic arsenal. Multiparametric US, in the hands of skilled




clinicians, becomes an invaluable predictive tool for diagnosing, staging, and monitoring

CLD.
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Core Tip: Multiparametric ultrasound (US) of the liver introduces a new concept for
complete liver evaluation. It encourages examiners to utilize the latest features of an US
machine, including conventional B-mode, liver stiffness evaluation, fat quantification,
dispersion imaging, Doppler US, and contrast-enhanced USfor focal liver lesion
characterization. Multiparametric US, in the hands of skilled clinicians, becomes an

invaluable predictive tool for diagnosing, staging, and monitoring chronic liver disease.

INTRODUCTION

Chronic liver disease (CLD) poses a global health challenge, contributing to
approximately two million deaths annually worldwidelll. The nature of these diseases,
arising from diverse etiologies, present a complex array of structural and functional
abnormalities. The assessment of liver tissue damage is a critical aspect of managing
various liver diseases. Historically, liver tissue damage assessment relied heavily on
invasive methods such as liver biopsy. Histological changes in liver tissue are
characteristic of CLDs, encompassing toxic (alcoholic), genetic, autoimmune, and
infectious etiologiesl2l. Accumulation of extracellular matrix material, fats, triglycerides,
or tissue scarring are common manifestations. The gold standard for evaluating CLDs is
a liver biopsy. This is because examining the histologic specimen not only helps with

fibrosis staging but also provides additional information about necroinflammation and




other pathological changes. Offering direct insights into histopathological changes, it is
an invasive procedure carrying potential complications and limitations such as sampling
errors and interobserver variability. This underscores the necessity for noninvasive
alternatives [3-51.

Traditional B-mode ultrasound (US) has been a cornerstone in diagnosing liver
diseases, providing valuable insights into structural abnormalities [6l. Recent
developments have expanded the diagnostic capabilities of US. Doppler US, when
combined with B-mode imaging, offers a nuanced evaluation of hepatic vessel
hemodynamics and identifies findings associated with hepatic decompensation.
Contrast-enhanced US (CEUS) enhances tissue perfusion assessment, facilitating the
differentiation between benign and malignant liver lesionsl’l. US-based elastography,
measuring liver stiffness, emerges as a pivotal tool for assessing liver fibrosis. However,
its interpretation must consider clinical evaluation, the etiology of the liver disease, and
the patient’s comorbidities. These measurements prove most clinically relevant when
viewed as a probability of compensated advanced CLD (cACLD)I8l. Accurate diagnosis
of liver disease is essential for effective management and timely intervention.
Multiparametric US (MPUS) addresses this challenge by combining multiple imaging
parameters to offer a detailed and nuanced assessment of liver health. The advent of
MPUS marks a paradigm shift in liver disease diagnosis. By integrating various US
features such as B-mode, liver stiffness, fat quantification, dispersion imaging, Doppler
US, and CEUS, clinicians gain a comprehensive diagnostic perspective in a single
examination. MPUS, when wielded by skilled clinicians, becomes an invaluable
predictive tool for diagnosing, staging, and monitoring CLDs. The ability to provide a
broader perspective enhances diagnostic accuracy, empowering clinicians worldwide
with efficient diagnostic tools. The evolution of noninvasive methods, particularly

MPUS, has revolutionized the landscape of liver disease diagnosis.

COMPONENTS OF MPUS




Traditional B-mode US remains a fundamental component, providing a structural
overview of liver tissue. However, its limitations in detecting mild steatosis emphasize
the need for a more comprehensive approach. When coupled with B-mode imaging,
Doppler US enhances the evaluation of hepatic vessel hemodynamics. This addition aids
in identifying early signs of hepatic decompensation, contributing to a more thorough
diagnostic picture. Vascular thrombosis can be diagnosed very simply with standard US
and with Doppler evaluation. CEUS provides valuable information on tissue perfusion,
enabling accurate differentiation between benign and malignant focal liver lesions. The
enhanced imaging capabilities contribute significantly to the diagnostic accuracy of
MPUS. US-based elastography serves as a surrogate marker for liver fibrosis. However,
the interpretation of these measurements requires a holistic consideration of clinical
evaluation, the underlying etiology, confounding factors, and the patient+ACY-
rsquo+ADs-s comorbidities. The limitations of B-mode US in estimating fatty infiltration
underscore the need for comprehensive approaches. The controlled attenuation
parameter, though requiring a dedicated device, contributes valuable insights.
Quantitative US parameters like attenuation coefficient, backscatter coefficient, and
speed of sound offer a holistic evaluation of liver fat, complementing B-mode
assessments. Interpreting results from noninvasive methods requires a nuanced
understanding of the underlying liver disease, patient comorbidities, and the specific
modality used. A comprehensive clinical evaluation is essential for accurate diagnosis.
The availability of advanced diagnostic technologies varies globally, impacting the
accessibility of these noninvasive methods. Efforts to enhance accessibility and reduce
disparities are crucial for widespread adoption. Standardizing the interpretation of
results and establishing cutoff values for different modalities remain ongoing challenges.
Consistent guidelines are necessary to ensure uniformity in assessments across
healthcare settings. Standardization efforts are essential to enhance reliability and
comparability. The field of liver tissue damage assessment is rapidly evolving. Future
advancements may involve the integration of artificial intelligence for enhanced

diagnostic accuracy, the development of novel serum biomarkers, and the refinement of




existing technologies to address current limitations. Introduction of these new modules
of evaluation (stiffness, fatty quantification) to a middle-class US machine is essential for

the future accessibility of these new developments of the method.

BEYOND FIBROSIS: THE COMPREHENSIVE ROLE OF ELASTOGRAPHY IN
ASSESSING LIVER TISSUE HEALTH

Liver fibrosis, a key feature of CLDs caused by various factors, can progress to
liver cirrhosis along with its associated complications [3l. Evaluating the presence and
extent of liver fibrosis is crucial in managing CLD patients as it can anticipate the
prognosis and potentially impact treatment decision. Initially developed to estimate liver
fibrosis by measuring tissue stiffness, elastography has transcended its original purpose.
Elastography, once primarily associated with fibrosis assessment, has evolved into a
versatile method offering insights into various aspects of liver tissue health (Figure 1).

Now, many experts explore the expanding role of elastography beyond fibrosis
evaluation, highlighting its diverse applications in assessing the dynamic nature of liver
tissues 8. A model centered on applications of elastography beyond fibrosis offers several
options including: (1) Liver steatosis assessment. Elastography has shown promise in
quantifying liver steatosis, providing a noninvasive means to evaluate fat content.
Identifying and quantifying fat infiltration contributes to a more comprehensive
understanding of liver health; (2) Inflammation detection. The dynamic nature of
elastography allows for the detection of inflammatory changes within liver tissues. By
assessing tissue stiffness alterations, elastography aids in identifying inflammation, a
crucial factor in the progression of various liver diseases; (3) Portal hypertension
evaluation. Elastography provides valuable insights into portal hypertension by
assessing liver stiffness. Monitoring changes in stiffness aids in understanding the impact
of portal hypertension on liver tissues and guides appropriate interventions; and (4)
Monitoring treatment response. Elastography serves as a tool for monitoring responses

to therapeutic interventions. Whether assessing the effectiveness of anti-inflammatory




treatments or tracking changes in liver stiffness post-treatment, elastography offers real-
time feedback on treatment outcomes (Figure 1).

However, there are some confounding factors that can increase the liver stiffness.
These confounding factors can contribute to a false increase in liver stiffness. Cholestasis
refers to the impaired flow of bile, leading to the accumulation of bile acids and other
substances within the liver. The accumulation of bile acids and other components in liver
tissue may lead to inflammation and fibrosis. Elastography measurements in cholestatic
conditions may indicate increased liver stiffness, reflecting the fibrotic changes associated
with chronic cholestasis.

Hepatic congestion, often seen in conditions such as congestive heart failure, can
impact liver stiffness as well. Congestion in the liver causes increased pressure within the
hepatic vasculature. This elevated pressure can affect the mechanical properties of liver
tissue, leading to changes in stiffness. Elastography may detect increased liver stiffness
in cases of hepatic congestion, indicating the mechanical alterations caused by elevated
intrahepatic pressure (Figure 1). Assessing the severity of cholestasis, the degree of
congestion, and other contributing factors is essential for accurate diagnosis and
appropriate clinical management. However, the interpretation should be conducted in
the broader clinical context, considering the underlying causes and potential coexisting
factors influencing liver health.

Various techniques, such as shear wave elastography (SWE) and strain elastography,
have demonstrated their efficacy in assessment of the mechanical properties of liver
tissues. Various SWE techniques evaluate the speed of shear waves produced through
mechanically induced stress. US SWE methods encompass vibration-controlled transient
elastography (VCTE) and techniques based on acoustic radiation force impulse (ARFI).
In VCTE, shear waves result from vibration controlled at the body surface, while in ARFI-
based techniques, the waves stem from the push-pulse of a focused US beam. ARFI-based
techniques comprise point SWE (pSWE), assessing stiffness in a specific and constant
region, and two-dimensional SWE (2D-SWE), measuring stiffness across a broader area,

accompanied by a color-coded parametric map of stiffness. The results of US SWE




techniques are typically presented in meters per second (m/s), representing shear wave
velocity. Alternatively, they can be converted to Young's modulus in kilopascals (kPa),
although this conversion relies on assumptions that may not always be accurate [°l.
Regular monitoring of liver stiffness can aid in assessing ﬁease progression and
the effectiveness of interventions in managing these conditions. It is crucial to interpret
liver stiffness values in the context of the patient’s clinical history, including the
underlying cause of cholestasis or congestion. The ongoing evolution of elastography
suggests a promising future in liver tissue assessment. Advances in technology and
research may lead to further refinements, increased standardization, and expanded
applications, solidifying elastography as a cornerstone in liver health diagnostics.
Elastography has transcended its initial role in fibrosis assessment, emerging as a
powerful tool for comprehensive liver tissue evaluation. From steatosis to inflammation
and portal hypertension, the diverse applications of elastography offer a nuanced
understanding of liver health. As technology and standardization efforts progress,
elastography is poised to play an increasingly central role in noninvasive liver

assessments, shaping the future of liver disease diagnosis and management.

LIVER STIFFNESS MEASUREMENT IS USED TO STRATIFY THE SEVERITY OF
LIVER DISEASE

The acronym ACLD is employed for individuals in the advanced stages of Chronic
Liver Disease (CLD) and serves as an alternative to the term "cirrhosis," which is based
on histology 1911, [10,11]. This designation is intended to encompass a wide range of
patients, including those with significant liver fibrosis (bridging fibrosis) as observed in
histology and those with compensated cirrhosis [12I.

Many studies and meta-analyses proposed different cutoff values for liver stiffness
evaluation with VCTE and in connection with different etiologies. In the Baveno VI and
Baveno VII consensus!®l “rule of 5” was accepted. This is a very simple modality of
stiffness value classification where <5 kPa means normal liver, less than 10 kPPa excludes

cACLD, more than 15 kPa assumes cACLD, and more than 25 kPa assumes clinically




significant portal hypertension (CSPH). This rule in daily practice can be used for a lot of
purposes, like assessment of fibrosis and determining cACLD or CSPH (if liver stiffness
is more than 25 kPa, the upper endoscopy can be avoided). Using the VCTE system in a
patient and starting with the controlled attenuation parameter, we can stratify severity of
steatosis and significant fibrosis can be determined in a very short time. It is important to
note that while VCTE provides valuable information about liver stiffness, the
interpretation should always be performed in conjunction with other clinical
assessments, including medical history, laboratory tests, and potentially additional
imaging studies and excluding confounding factors (including fasting, elevated
aminotransferases, obstructive cholestasis, or right heart failure). As a prognostic tool,
adopting the rule of 5 with cutoff values of liver stiffness measurement (LSM) using
VCTE (10-15-20-25 kPa) is suggested. This approach enables a rapid estimation of the risk
of decompensation and liver-related deaths, irrespective of the etiology of ACLD (Figure
2).

ARFI methods (pSWE and 2D-SWE) are implemented in a US system and can be
used for standard US evaluation, Doppler examination, fatty quantification, stiffness
measurement, and lesion discovery (focal liver lesion). Inmediately, a CEUS examination
can be performed. Then finally, this evaluation a MPUS method.

For many years, every company proposed their own cutoff values. Then in
practice it was quite difficult to use these values. In 2020 a proposed algorithm, the “Rule
of 4” for interpretation of liver stiffness (5-9-13-17 kPa), was presented™l. In this system,
it is quite easy to use the cutoffs for ARFI methods. If the values are < 5 kPa, the liver is
normal, and below 9 kPa rules out cACLD. Values between 9-13 kPa are suggestive for
cACLD and more than 13 kPa suggests the presence of cACLD. Values > 17 kPa are
suggestive for CSPH (Figure 3). Concerning the practical value of SWE methods for liver
stiffness evaluation, many published papers show the good results of these methods.
There are meta-analyses and prospective studies (with most using liver biopsy as the gold

standard). All these studies show that the area under the receiver operating characteristic




curve of the methods increases with the severity of fibrosis, with more than 90% for liver
cirrhosisl15-181.

Conventionally, cirrhosis progression was seen as a one-way street, transitioning
inevitably from a compensated to a decompensated stage [1%l. Yet, a growing body of
evidence suggests that effective treatment or the elimination of the underlying liver
disease etiology not only decelerates disease advancement but can even result in disease
regression. The outlook is more optimistic than we once thought! The evolution in how
we perceive things led to the development of the idea of hepatic recompensation [3L. This
involves a significant improvement in hepatic function, along with a reduction in
functional and structural factors like hepatic inflammation, fibrosis, and portal
hypertension, all stemming from the successful treatment of the underlying cause. It
emphasizes the encouraging potential for positive changes in liver health.

Numerous studies have investigated the significance of LSM in predicting liver-
related events in individuals with liver diseases. However, a majority of these studies
rely on one-time assessments. Precision in determining the long-term risk of liver
complications based on a single LSM remains challenging. This is due to the fact that
patients may encounter various situations over time, such as alterations in alcohol
consumption, the emergence of metabolic disturbances, resolution of the underlying
etiologic factor, or the introduction of new contributing factors, all of which can impact
their prognosis. Repeated LSM offer an enhanced understanding of the liver disease's
natural progression, potentially enabling personalized treatment decisions when
integrated into clinical decision-making. However, certain aspects still require further
exploration. Determining the optimal frequency of LSMs and the intervals between them
must be established and proven to be cost-effective. Changes in LSM over time can be
regarded as a dynamic prognostic biomarker. Repeated LSM holds the potential to refine

predictions and individualize treatment strategies in clinical practice.

NONINVASIVE TESTS TO GUIDE CLINICAL DECISION MAKING




Prognostic biomarkers quantify the likelihood of clinical events, disease recurrence, or
disease progression. As transitioning from a compensated to decompensated state is the
single most important factor affecting survival in patients with cirrhosis, prediction of
decompensation is a major prognostic target(?l. An LSM by TE is the best validated
prognostic marker for determining liver-related morbidity and mortality in patients with
compensated liver disease. A study of 3028 patients with mixed etiologies found a
cumulative incidence of decompensation of 3.7% after 5 years for patients with TE values
< 15 kPa, increasing to 19% for patients with baseline TE values > 25 kPal?!l. Other
elastography techniques such as pSWE, 2D-SWE, and magnetic resonance elastography
also exhibit comparable accuracy as prognostic markers of decompensation and
mortality, but variation in published cutoffs and heterogeneity attributable to equipment
from different manufacturers limit their generalizability. It is important to switch off

assessment of fibrosis to evaluation of clinically important ACLD.

CONCLUSION

The assessment of liver tissue damage has witnessed a transformative shift from invasive
to noninvasive methods, providing safer alternatives for patients. The continuous
refinement of noninvasive diagnostic methods, particularly the MPUS approach, signifies
a crucial stride in managing CLDs. As this technology becomes more accessible and its
applications expand, it promises to reshape clinical practices, offering a holistic and
efficient means of diagnosing, staging, and monitoring liver diseases on a global scale.
Addressing current challenges and embracing emerging technologies will pave the way
for more effective management and personalized treatment strategies for patients with

liver diseases.
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